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(100) comprises printing a circuit pattern (P1) onto a flexible substrate
! (200) to form an electrically conductive pattern including an electrode
pad area (301). A layer of an adhesive composition (401p) is printed in
a second pattern (P2) onto the electrode pad area (301) to form an adhe-
sive interface layer (401). The adhesive interface layer (401) is a dry film
formed from the adhesive composition (401p) comprising an ionically
conductive pressure sensitive adhesive composition comprising a resin
(R), an ionic liquid (I), and optionally electrically conductive particles
(P). A layer thickness and material of the flexible substrate, the conduc-
tive pattern, and the conductive adhesive interface have relatively low

stiffness in plane of the flexible substrate (200).
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Title: MANUFACTURING OF SKIN-COMPATIBLE ELECTRODES

TECHNICAL FIELD AND BACKGROUND

The present invention relates to a method for the production of
ExG electrodes and patches for apphication to human subjects.

Bio potential electrodes are used fo measure bio signals such as
electrocardiography (BCG), electroencephalography {(EEG) and
electromyography (EMG).

For example, currently used KC( electrodes are connected to the
skin via gel, which acts as an electrolyte and couples the electrical potential
in the body to the electrode. However, presently used electrodes typically
dry out over time and cannot be used for prolonged measurements. Most of
the presently used electrodes are not recommended for use longer than 24h,
In addition, they do not have long storage times in air. Most of the presently
used electrodes expire within one month after opening the hermetic
packaging preventing them from drying out during storage.

Currently used gel electrodes comprise high salt concentrations,
which are needed for providing low impedances and good signal quality,
however at the same time they cause skin irritation with many patients.
Furthermore, presently used electrodes which are bhased on a hydrogel
contain relafively high quantities of water. The high water content 1s the
reason why these electrodes tend fo dry out over time. Presenily used
electrodes which are based on ionic conductivity ¢an therefore not he used
for long-term measurements (e.g. three days} since the signal guality
decreases along with decreasing water content. Current gel electrodes are
attached to the skin with a ring of a pressure sensitive skin adhesive
surrounding the inner gel.

There are also tab electrodes currently on the market, which are
attached to the skin via a gel-type adhesive, These electrodes do not need an
additional skin adhesive, since the gel itself 1s adhering to the skin.

However, these electrodes also comprise a salt and water, and dry out over
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fime and are therefore not suitable for prolonged measurements. The
cohesion of the adhesive 1s often poor 1n these electrodes, which for example
leads to cohesive failure upon removal of the electrode, Furthermore,
production of such electrodes is laborious due to the difficult handling of the
adhesive, e.g. placement of the gel film atop the conductive bottom layvers.

Alternatively, a pressure sensitive adhesive comprising
conductive fillers, such as carbon black can be used in the electrodes to
measure bio signals., The drawback in this kind of electrodes is that a high
carbon black concentration is needed, which leads to reduced adhesion
properties. Furthermore, the signal quality in this kind of electrodes is poor.

In another electrode solution, the electrode comprises adhesives
comprising the combination of carbon black and a salt. An electrophoretic
alignment of conductive fillers 1s reguired in order to obtain sufficient
mmpedances in this sclution. However, this electropharetic activation step
makes the electrode production expensive and complicated.

Therefore, there 1s a need for electrodes and a method for the
production of such electrodes to measure bio signalg, which mitigate one or

more of the above problems.

SUMMARY

Aspects of the present disclosure relate to a method of
manufacturing a skin-compatible electrode. Preferably, the method
comprises printing a conductive ink onto a flexible substrate to form an
electrically conductive layer in a circuit pattern comprising an electrode pad
avea and a cireuit lane. The method further comprises coating, printing or
dispensing an adhesive composition onto the printed electrode pad area to
form an adhesive mterface layer in an adhesive pattern. The adhesive
mterface laver may be a dry film formed from the adhesive composition
comprising an ionically conductive pressure sensitive adhesive composition

comprising a resin, an lome hguid, and optionally electrically conductive
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particles. Furthermore, a combined thickness and sizes of the flexible or
stretchable substrate, the electrically conductive layer at the electrode pad
area, and the adhesive interface laver, and their respective material
compositions, are adapted to provide a low combined stiffness, at the
electrode pad area in plane of the flexibie substrate. The inventors find that
electrodes having the combination of aforementioned structural, chemical,
and mechanical properties may be especially suitable for long term use

while allowing efficient manufacturing by printing, coating or dispensing.

BRIEF DESCRIPTION OF DRAWINGS

These and other features, aspects, and advanfages of the
apparatus, systems and methods of the present disclosure will become
better understood from the following description, appended claims, and
accompanying drawing wherein:

FIG 1A and 1B illustrate manufacturing a skin-compatible
electrode by means of a printing, coating or dispensing process;

FIG 2A illustrates a cross-section view of printing an electrically
insulating pattern;

FIG 2B illustrates a cross-section view of printing, coating or
dispensing an electrically insulating skin adhesive pattern;

FIG 3A illustrates a cross-section view of printing an exterior
shielding pattern by printing a conductive layer;

FIG 3B illustrates a cross-gection view of printing an exterior
shielding pattern by printing an electrically insulating layer on top of a
conductive laver;

F1G 3C llustrates a cross-section view of prinfing a shielding
electrode by printing an electrically conductive layver on top of a shielding

laver;
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F1G 4A illustrates a cross-section view of printing the skin
sulating pattern similar ags F1G 2A but on top of a stack wcluding an
exterior shielding layer;

FIG 4B illustrates a cross-section view of printing a skin shielding
pattern;

FIG 5A illustrates a plane view of a skin-compatible electrode
according to a substrate cul pattern;

FIG 5B illustrates a cross-section view of the electrode as used on
the skin;

FIG 5C shows a photograph of an example of electrodes
manufactured as described herein;

FIG 6A iHlustrates a cross-section view of an electrode patch as
used on the skin;

¥FIG 6B shows a photograph of an example of a skin-compatible
patch manufactured as described herein;

FIG 7A illustrates a plane view of a grid shaped circuit pattern;

FIG 7B shows a photo of a grid of electrodes;

FIG 8A depicts impedance spectra comparing exemplary
emhodiments of skin-compatible electrodes 100 with differing dimensions
comprising a pressure adhesive layer and comparative a gel-type electrode;

FIG 8B depicts exemplary time traces of elecfrical signals “E”
from skin “S”, recorded using a comparative gel-tvpe electrode and a skin-
compatibie electrode 100 obtained according to the disclosed method. Shown
traces have been obtained after 8 howrs of continuous wear of said
electrodes.

FIG 9A depicts exemplary time traces of electrical signals “E”
from skin “S”, recorded over a total time frame of 5 days recorded on day 1

with electrodes manufactured as desceribed herein:
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Fl1G 9B depicts exemplary time ftraces of electrical signals “I”
from skin *8”, recorded over a total time frame of 5 days recorded on day 5

with electrodes manufactured as described herein;

DESCRIPTION OF EMBODIMENTS

Terminology used for describing particular embodiments is not
intended to be limiting of the invention. As used herein, the singular forms
"a", "an" and "the" are intended to include the plural forms as well, unless
the context clearly indicates otherwise. The term "and/or” includes any and
all combinations of one or more of the associated lisfed items. It will be
understood that the terms "comprises” and/or "comprising” specify the
presence of stated features but do not preclude the presence or addition of
one or more other features. It will be further undersfood that when =
particular step of a method is referrved to as subseguent to another step, it
can directly follow said other step or one or more intermediate steps may be
carried out before carrying out the particular step, unless specified
otherwige. Likewise, it will be understood that when a connection between
structures or components 1s described, this connection may be established
directly or through intermediate structures or components unless specified
otherwise.

As used herein below electrodes or single electrodes may bhe
understood to be a single electrically conductive electrode to be placed onto
skin. Typically, it is a disposable electrode comprising a lead, e.g. an
external connection area, and a conductive adhesive layer on a thin film.
Tymeally, electrodes are connectable fo measurement equipment such as a
Holter Monitor (e.g. Philips DigiTrak XT, GE CardioMem CM 3000) using a
tab or snap connector. I the case of a tab e.g. an alligator clip can be used.

A patch may be deseribed to comprise a plurality of electrodes

connected in a specific, e.g. pre-defined, geometry. In some embodiments,
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6
the patch may be described as an ECG patch where a number of electrodes
(hetween 3 and 5) is located in such a configuration that an ECG can be
measured,

An electrode array may be understood to comprise a large number
of electrodes placed in a, preferably regular, pattern. Typically, the number
of electrodes in an array varies in a range between 20 to 100 electrodes,

The invention 1s described more fully hereinafter with reference
to the accompanying drawings, in which embodiments of the invention are
shown. In the drawings, the absolute and relative sizes of systems,
components, layvers, and regions may be exaggerated for clarity.
Fmbodiments may be described with reference to schematic and/or cross-
section llustrations of possibly idealized embodiments and intermediate
structures of the invention. In the description and drawings, like numbers
refer to like elements throughoutf. Relative ferms as well as derivafives
thereof should be construed to refer to the orientation as then described or
as shown in the drawing under discussion. These relative terms are for
convenience of desceription and do not require that the system is constructed
or operated In a particular orientation unless stated otherwise.

FIG 1A and 1B illustrate manufacturing a skin-compatible
electrode 100 by means of a printing, coating or dispensing process;

As illusirated eg. m Flz 14, a preferred embodiment of
manufacturing a skin-compatible electrode 100 comprises printing =
conductive ink 300p onto a flexible substrate 200 which may be optionally
attached to a temporary support 500. For example, the conductive ink 300p
may form an electrically conductive laver 300. Preferably, the elecineally
conductive laver 300 is printed or dispensed according to a predefined
cireuit pattern Pl. In some embodiments, e.g. as shown, a conductive
material printer 351 is used. For example, the printer may comprise a print
head, as shown. Also, any other method and systems suitable for printing,

dispensing the materials and patterns as described herein may be used, in
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principie such as screen printing, rotary screen printing, stencil prinfing,
flexo printing, gravure printing, Laser-Induced Forward Transfer (LIFT)
printing, ink jet printing, aerosol jet printing. In some embodiments, the
circuit pattern Pl comprises an electrode pad area 301, For example, the
electrode pad area 301 may be used for transceiving electrical signals E via
the skin S (not shown here). In other or further embodiments, the circuit
pattern P1 comprises a circuit lane 302, For example, the circuit lane 302
can be electrically connected to the electrode pad area 301 for guiding the
electrical signals K along the flexible substrate 200.

As allustrated e.g. in FIG 1B, another or further preferred
embodiment comprises printing, coating or dispensing an adhesive
composition 401p onto the printed electrode pad area 301 to form an
adhesive interface laver 401. Also any other method and systems 352
suitable for coating or dispensing the materials and patterns as described
herein may be used, in principle such as roll coating, gravure coating,
reverse coating, roll brushing, spray coating, and air knife coating methods,
immersing and curtain coating method, and extruding coating method with
a die coater. Preferably, the adhesive interface laver 401 is coated,
dispensed or printed in an adhesive pattern P2. As desecribed herein, the
adhesive interface layer 401 is conductive for, in use, maintaining an
electrical connection for the electrical signals E between the electrode pad
area 301 and the skin S (not shown here).

In a preferred embodiment, the adhesive interface layer 401 18 a
dry film formed from the adhesive composition 401p. As will be described
and explained 1n further detail below, the adhesive composition 401p
preferably comprises an ionically conducfive pressure sensitive adhesive
composition comprising a resin “R”, an ionic hBguid “I”, and optionally
electrically conductive particles “P”, By using the adhesive composition 401p
as specified herein good conductive contact may be provided for transducing

electrical signals E from the skin S to an external device. By using the
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adhesive composition 401p as specified herein said conducfive contact may
he provided to allow prolonged use, e.g. wear, of formed electrodes 100 on -
areas of skin. By using the adhesive composition 401p as specified herein
good conductive contact may advantageously be provided without skin
irritation compared to conventional electrodes,

In preferred embodiments, the conductive adhesive interface laver
401 has relatively low skin-electrode impedance, e.g, at 10 Hz, below one
hundred mega Ohm (M), preferably below fifty mega OQhm (M), more
preferably below ten mega Chm (MQ), most preferably below one mega Ohm
(ML), for example in a range between 500 and 100 kilo Ohm (k€2). Typically,
signals with better signal to noise ratio are possible with increasingly lower
impedance. In some preferred embodiments an electrically conductive
adhesive layer is provided to ohtain good transduction of electrical signals
from skin to patch. In other or further preferred emboduments, such
transduction is possible without the need of additional water-based fluids
such as sweat.

Preferably, the electrode pad area 301 is compliant, e.g. having a
combined stiffness less than two hundred thousand Newton per meter (200
000 N/m) more preferably below ten thousand Newton per meter (10 000
N/m). Where the stiffness is obtained by measuring the sample clamped in a
tensile tester (Mark 10 ESM303) over the long side. The sample 15 elongated
to 1% strain, preferably to 10% strain.

For example, the materials have preferably a Young's modulus
“M” below two hundred mega Pascal, preferably less than one hundred
mega Pascal (e.g. 1n plane of the flexible substrate 200) and thickness less
than half a millimeter, preferably less than hundred micrometer. For
example, a combined thickness “T7 of the flexible substrate 200. the
electrically conductive layer 300 at the electrode pad area 301, and the
adhesive 1nterface layer 401, and their respective material compositions are

adapted to provide the said strefchability. In some embodiments, the
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flexible substrate 200 is disposed on, e.g. attached to, a (temporaryv) carrier
substrate 500, as shown. For example, the carrier substrate 500 may
provide structural stability to the flexible substrate 200 during the
manufacturing process. Preferably, the carrier substrate 500 is relatively
stiff, e.g. has a higher Young’s modulus and thickness than the flexible
substrate, e.g. higher by a factor ten or more,

In FIG 5B an arrow marked “M” indicates the preferred
stretchability of the skin-compatible electrode 100, For example, a layer
thickness and material of the flexible substrate, the conductive pattern, and
the conductive adhesive interface are adapted to provide a combined
Young's modulus “M” below 100 MPa at the electrode pad area in plane of
the flexible substrate 200. Such subsirate consists preferably out of an
elastomeric based {elastic) film. Preferably, the flexible substrate 200 is a
medical grade polyurethane film. Such films provide good breathability and
permeation to humidity. Typically examples of suitable materials may be
TPU films such as those available from Delstar Technologies, Lubrizol,
BASF, and Covestro. The filin thickness of the flexible substrate 200 is
preferably in the range between 25 and 200 pm, preferably in a range
between 50 and 150 pm, e.g. 75 pm, The flexible substrate 200 is preferably
stretchable, e.g. having a Young's modulus below 100 MPa, Alternatively or
i addition, other types of films, e.g. rubbery films, may be used. In
particular, silicone-based films mayv be used as substrates due to their
excellent mechanical properties. Substrates based on polvether block
amides, PET, PP, PEN, PEBAX and VESTAMIDE may be used as well.

The conductive 1ink 300p ink may be an ink or paste and typically
comprises electrically conductive particles and a resin. Preferably,
electrically conductive particles are selected from the group consisting of
metal particles and metal nanoparticles, metal containing particles and
nanoparticles, graphite particles and nanoparticles, carbon particles and

nanoparticles, carbon nanowires, conductive polymer particles and
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nanoparticies, and mixtures thereof, more preferably selected from the
group consisting of siver containing particles, silver particles, copper
particles, copper containing particles, silver nanowires, copper nanowires,
graphite particles, carbon particles and mixtures thereof, and even more
preferably selected from graphite particles, carbon particles and mixtures
thereof, Alternatively or in addition the ink may comprise conductive
polvmers, such ag PEDOT:PSS (Poly(3,4-ethvlenedioxythiophene)} or PANI
{Polyaniline), Optionally ilonic conductors such as Ag/Ag(Cl or doped
semiconducting materials such as Al doped Zn0, TTO or TiN particles may
be used to provide conductivity. The conductive ink 300p preferably has a
viscosity in the range between 0,001 and 100 Pas. The thickness of formed
electrode pad area 301 1s preferably in a range between 1 and 50 pm, more
preferably between 2 and 20 pm, eg. 10 pm. Providing an electrode pad
area 301 with a thickness below the preferred range may lead to a {ilm with
defects and/or reduced conductivity, Providing an electrode pad area 301
with a thickness above the preferred range may lead to an unacceptable
Increase 1n material cost andfor to an unacceptably high stiffness of formed
conductive layer. By providing a stiffness below 200 000 N/m and preferably
10 000 N/m at the electrode pad area the formed skin-compatible electrode
in use may be adapted to adhere to, andfor flex, and/or stretch along with
the area of skin it i1s adhered to. By providing a flexible skin-compatible
electrode adhesive fallure hetween the electrode and skin mayv be avoided
and/or comfort for the user during wear of the skin-compatible electrode
may improved. Printing may be a particularly suitable technique to provide
lavers with a thickness in the specified ranges. Printing may be particularly
suitable in depositing films in a pre-defined pattern, e.g. intricate patterns,
in combination with the specified thickness ranges.

Preferably, conformal adhesion of the skin-compatible electrode
100 to the skin is provided at least for the area of the skin that is covered by

the electrode pad area 401 during normal wear of the skin-compatible
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electrode 100 without peeling off or translocation of the electrode along the
skin during wearing to avoid motion artifacts disturbing the measurement.
Optionally an electrically insulating skin adhesive is applied on the
electrode 100 around the electrode pad 401 and leaving an area open for
connecting the tab or snap at the end of the lead 302. Preferably, once the
skin-compatible electrode 100 i1s adhered to the skin S, the skin-compatible
electrode 100 is also removable from the skin S when desired without
damaging the skin 8. Preferably, the skin-compatible electrode 100 is
suitable for application on the skin at many locations of the body: e.g.
preferably at least on the torso, for example the chest and or back, for
example for electrocardiography measurements (BECG). Preferably, the skin-
compatible electrode 100 1s also suitable for apphication on skin of the head,
for example, for use in electroencephalography measurements (REG).

Preferably, the skin-compatible electrode 100 18 also sutable for
application on skin of the pregnant belly, for example, for use in
electrohysterography measurements (EHG). Preferably, the skin-compatible
electrode 100 is also suitable for application on skin over a specific muscle,
for example, for use in electromyography measurements (EMG). In some
preferred embodiments the electrode is also suitable for skin more prone to
deformations and or flexing during wear such as locations on limbs.
Preferably, good adhesion over extended periods of fime is cbtained enabling
continucus electrical contact between skin and electrode pads to enable
signal recording over prolonged periods of time: 1.e. >7 dayvs; > 30 days;
without signal degradation.

In use, force may be apphied to the circuit lane 302. Hence, use of
conductive inks allowing stretching up to at least 1% or even at least 10%
before losing essential electrical conductivity is preferred. Such inks include
products such as LOCTITE ECI 1501 E&C and LOCTITE ECI 1010 E&C
from Henkel, Alternatively or in addition, improved stretchability, e.g. up to

5% or even 10%, may be provided in combination with cireuit pattern P1
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design, e.g. a patfern suited to provide wavy or meandering circuit lanes
302.

FIG 2A illustrates a cross-section view of printing a skin
ingulating pattern P3. In some preferred embodiments, e.g. as illustrated in
FIG 2A the method preferably comprises printing an electrically insulating
ink composition 311p in a skin electrically insulating pattern P3 to form a
skin insulating Iayer 311, For example, an Insulating material printer 3583 is
used, as shown, Preferably, the skin insulating laver 311 covers at least part
of the eircuit lane 302 adjacent the electrode pad area 301. By covering part
of the cireuit lane 302 with an electrically insulating laver, the cireuit lane
302 may advantageously be electrically insulated from the skin S. Hence,
unwantied inferference of electrical signals resulting from contact between
the skin S and the circuit lane 302 may be avoided.

FIG 2B illustrates a cross-section view of printing a dielectric skin
adhesive pattern P4, For example, a skin adhesive composition printer 354
1s used, as shown. In some embodiments, e.g, as illustrated in FI(z 2B, the
method comprises printing an  electrically insulating skin adhesive
composition 402p in a pattern P4 to form a dielectric skin adhesive layer
402, Preferably, the electrically insulating skin adhesive layer 402 may be
provided on the flexible substrate 200 and/or on the circuit lane 302, Most
preferably the electrically insulating skin adhesive layer 402 1s provided at
arveas adjacent to the adhesive pattern P2. Advantageously, the provided
electrically insulating skin adhesive laver 402 may, in use, improve the
adhesion of the electrode 100 on the skin S.

FIG 3A illustrates a cross-section view of printing an exterior
shielding pattern P5. In some preferred embodiments, e.g. as shown in FIG
3A, the method comprises printing a conductive ink 300p in an exterior
shielding pattern P35 to form an exterior shielding layer 322. For example,
the same or similar conductive material printer 351 as in FIG 1A ecan be

used, as shown. Preferably, the exterior shielding layer 322 1s printed on the
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flexible substrate 200 before printing the electrically conductive layer 300.

By printing the exterior shielding laver 322, the electrically conductive laver

300, in use, may be shielded from exterior electromagnetic interference.

This shielding may be provided in passive or in active mode.

FIG 3B illustrates a cross-section view of printing an
intermediary insulating pattern P6. For example, the same or similar
electrically insulating material printer 353 as in FIG 2A can be used, as
shown, In another or further preferred embodiment, e.g. as shown in FIG
28, the method comprises printing an electrically msulating composition
311lp in an intermediary electrically insulating pattern P6 to form an
exterior insulating layer 312 on the exterior shielding layer 322 hefore
printing the elecirically conductive layer 300. By providing the exferior
msulating laver 312 between the exterior shielding layer 322 and the
electrically conductive layer 300, the exterior shielding layer 322 may be
electrically insulated from the electrically conductive layer 300,

FIG 3C ilustrates printing the circuit pattern Pl similar as FIG
1A, but now printed onto the intermediary insulating pattern P6 and
shielding pattern P5. By printing the circuit pattern P11 onto the
intermediary msulating pattern P6 and shielding pattern P5 an electrode
100 may be obtained with the properties as in FIG 1A but with the added
benefif of having a shielding layer to, in use, reduce unwanted interference.

FIG 4A illustrates a cross-section view of printing the skin
insulating pattern P3 similar as FIG 2A but on top of a stack including an
exterior shielding layer 322.

FIG 4B illustrates a cross-section view of printing a skin shielding
pattern P7. For example, the same or sumilar conductive material printer
351 as in FIG 1A can bhe used, as shown. In a preferred embodiment, the
method comprises printing the conductive ink 300p in a skin shielding
pattern P7 to form a skin shielding laver 321. The skin shielding layer 321

does not contact the electrode 300, Contacting the adhesive interface layer
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401 may lead to the exterior shielding layver 322 functioning as an anteana,
thereby introducing unwanted electromagnetic interference. like the
exterior shielding layer 322, the skin shielding layer 321 may, in use, shield
the electrically conductive layer 300 from electromagnetic interference.
Preferably, the skin insulating layer 811 is arranged between the skin
shielding layer 321 and the cireuit lane 302 for electrically insulating the
skin shielding laver 321 from the electrically conductive layer 300. More
preferably, the skin shielding layer 321 is electrically connected to the
exterior shielding layver 322. By connecting the shielding layvers, preferably
along a length of the circuit lane 302 a coaxial shielding effect may he
attained.

According to a further aspect, the present disclosure relates to a
skin-compatible electrode 100, manufactured according to any of the
manufacturing methods described hevein. Preferably the electrode 100
comprises one or more aspects as described herein. It will be appreciated
that by providing the electrode 100 with one or more of the elements
described herein will be accompanied with the same or similar benefits as
described for the corresponding elements in relation with the manufacturing
methods, For example, the electrode 100 preferably comprises a flexible
and/or stretchable substrate 200. More preferably, the electrode 100
comprises an electrically conductive laver 300 forming a civeuit pattern Pl
disposed onto the exterior insulating layer 312. For example, the circuit
pattern P1 comprises an electrode pad area 301 and a circuit lane 302, as
described. Further, the electrode 100 comprises an adhesive interface layer
401 formed by a dry film of an adhesive composition 401p with an 1onically
conductive pressure sensitive adhesive composition comprising a resin “R”,
an ionic hiquid *T", and optionally electrically conduetive particles “P”, In
some embodiments, the electrode 100 comprises an exterior shielding layer
322, In other or further embodiments, the electrode 100 comprises an

exterior nsulating layer 312, In some embodiments, the electrode 100
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comprises a skin insulating laver 311. In other or further embodiments, the
elactrode 100 comprises a skin shielding layer 321. Preferably, the skin
insulating layer 311 is arranged between the skin shielding layer 321 and
the circuit lane 302. In some embodiments, the electrode 100 comprises a
dielectric skin adhesive laver 402,

Preferably, the same ink 300p is used for printing the respective
electrically conductive layver 300 and shielding layers 321, 322
Alternatively, different inks or other electrically conducting materials may
he used. Preferably, the same dielectric composition 311p 1s used to form the
respective nsulating lavers 311, 312. Alternatively, different dielectric
materials may be used.

Optionally, the adhesive composition 401p i1s printed as solufion
comprising a solvent, and the adhesive interface layver 401 is a drv film
formed after evaporation of the solvent. Depending on the printing method
the amount of solvent in the solution and/or the type of solvent in the
solutionmay be adjusted.

FIG 5A illustrates a plane view of a skin-compatible electrode 100
according to a substrate cut pattern P8. In some preferred embodiments,
e.g. as shown in FIG 5A, the flexible substrate 200 is cut according to a
substrate cut pattern P8, Preferably, the circuit pattern Pl forms a subset
area of the substrate cut pattern P& In other words, the conductive ink
300p is preferably printed exclusively on parts of the flexible substrate 200
which will form the electrode 100. For example, this may save expensive
printing material, e.g. conductive ink comprising silver particles.

In some embodiments, e.g. as shown, the adhesive pattern P2
forms a subset arvea of the civeuit pattern P1l. For example, an intersection of
the adhesive interface laver 401 and the electrically conductive layer 300
may define the effective extent of the electrode pad area 301, In other or
further embodiments, the adhesive interface laver overlaps, e.g., coincides

with the electrode pad area 300. By matching the area of the adhesive
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interface layer 401 fo the electrode pad area 301, in use, charges from the
skin may be effectively transferred to the skin-compatible electrode 100. By
increasing a dimension of electrode pad area 301 the sensitivity of the skin-
compatible electrode 100 may increase,

In some preferred embodiments the electrode pad area 301 has a
dimension in a range between 5 and 75 mm, more preferably in a range
between 7.5 and 50 mm, most preferably in a range between 10 and 30 mm.
The thickness of formed adhesive interface layer 401 is preferably in a range
hetween & and 50 um, more preferably between 10 and 40 pm, e.g. 20 pm.
Provading a conductive laver with a thickness below the preferred range
may in use lead to poor adhesive properties, e.g. detaching from the skin
and/or shiffing (moving) of the skin-compatible elecirode 100 with respect to
the skin. In some embodiments, the electrode pad area 301 has an arvea
between 20 to 4500 millimeter (mm?2), preferably between 45 fo 2000 square
millimeter (mm?}, more preferably between 60 to 1500 (mm?), and most
preferably between 75 to 700 square millimeter (mm?). One benefit of
providing a skin-compatible electrode 100 with a large electrode pad area
301 may be an increased signal to noise ratic. An upper limit for the
electrode pad area 301 relates to the limited availability of skin area,
especially in applications reguiring the application of multiple skin-
compatible electrodes 100, or in applications wherein the body part or
person s small, for example for children.

F1G 5B illusirates a cross-section view of the electrode 100 as
used on the skin “5”. In some preferred embodiments, the electrically
conductive layer 300 comprises an external connection area 303. For
example, the external connection area 303 may be a reinforced region of the
cireuit lane 302, The external connection area 303 may be connected to an
Ex(z (Electrocardiography, Electroencephalography, Electromyography,
Electrohysterography) device using a rivet {as shown), electrical clamp, or

any other electrical connecting means.



10

30

WO 2020/180186 PCT/NL2020/050147

F1G 5C shows a photograph of an example of electrodes 100
manufactured as described herein.

FIG 6A illustrates a cross-section view of an electrode patch 1000
as used on the skin “S”. In other or further preferred embodiments, aspects
of the present application relate to a method of manufacturing a skin-
compatible electrode pateh 1000, Preferably, the method comprises
manufacturing a plurality of electrodes 100 on a common flexible substrate
200, More preferably, the electrodes 100 are arranged according to a pre-
defined electrode pattern for transceiving a plurality of electrical signals “E”
at respective areas of the skin “S”. Mast preferably, the electrode pattern
comprises at least 3, e.g. 3 to 7, or 3 to 5, e.g. three electrodes 100 for
measuring ECG signals via the skin “S”.

In a preferred embodiment, the electrode pad areas 301 of the
electrodes 100 are covered by respective adhesive interface lavers 401.
Preferably, the areas of the skin-compatible pateh 1000 between the
electrode pad areas 301 are covered by an electrically insulating skin
adhesive laver 402, Providing an electrically insulating skin adhesive layer
402 may, in use, improve adhesion between skin “S” and the electrode patch
1000,

FIG 6B shows a photograph of an example of a skin-compatible
patch 1000 manufactured as described herein. In some preferred
embodiments, e.g. as shown in F1G 6B, the respective circuit lanes 302 of
the electrodes converge at a common external connection area 303, This may
allow making the connection to an external device in a fast and convenient
way. It may further reduce the risk of user error i connecting the patch to
the external device, especially in combination with a cable with matching
connector such as a crimp connector {e.g. Nicomatic Crimpflex}.

FIG 7A illustrates a plane view of a grid shaped cireuit pattern
P1. In some embodiments, the grid shaped circult pattern P1 forms a two-

dimensional array of spaced apart electrode pad areas 301 with respective
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cireuif lanes 302. By providing a pattern comprising a grid of cireuit shapes
may allow more efficient printing of the respective layers. In some preferred
embodiments, the patch comprises an array of electrode pad areas covered
by dry conductive adhesive interface 401 layers for in use measuring spatial
variation of electrical signals "E” over an area of the skin “8”. For example,
these or other patterns may be advantageous for measuring EMG signals, or
the like.

FIG 7B shows a photo of a grid of electrodes 100, For example, the
grid may be used in a measurement system. Generally, it will be
appreciated that the various aspects as described herein may be embodied
as an LxG system, e.g. Blectrocardiography, Electroencephalography,
Electromyography, Electrohvsterography, et cetera. For example, the
system comprises at least one electrode 100 and/or patch electrode patch
1000 as described herein, e.g. obtained or obtainable by any of the described
methods,

FIG 8A depicts impedance spectra comparing exemplary
embodiments of skin-compatible electrodes 100 with differing dimensions
comprising a pressure adhesive layer and comparative a gel-type electrode.
A photo of the electrode pads of exemplary embodiments of electrodes 1s
shown in FIG 5C. The depicted impedance spectra illustrate that the
exemplary embodiments and comparative electrode show similar
performance. The depicted impedance spectra further illustrate that the
resistance or impedance of electrodes, as described above, may be influenced
by changing the area of the electrode pad.

FIG 8B depicts exemplary time traces of elecfrical signals “E”
from skin “S”, recorded using a comparative gel-tvpe electrode and a skin-
compatible electrode 100 obtained according to the disclosed method. Shown
traces have heen obtained after 8 hours of continuous wear of said

electrodes. The depicted time traces further illustrate that the exemplary
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embodiment of the skin-compatible electrode 100 has a performance similar
to the comparative gel-type electrode.
FIG 9 depicts exemplary time traces of electrical signals “E” from
skin “87, recorded over a total time frame of 5 days, Said traces have been
5 obtained during continuous wear of an exemplary embodiment of a skin-
compatible electrode 100 comprising a pressure sensitive adhesive. Time
fraces have been obtained with 1-day intervals. FIG 9A depicts a time trace
recorded on day 1, FIG 9B depicts a time trace recorded on day 5, The
depicted fime traces further illustrate that exemplary embodiments
10 described herein above may be worn and used on an area of skin for
prolonged periods of time without visible changes in recorded signal quality.
In the following passages preferred embodiments of the adhesive
composition 401p, e.g. pressure sensitive adhesive composition (pressure
sensitive adhesive) are desenbed in more detail. Each aspect so described
15  may be combined with any other aspect or aspects unless clearly mdicated
to the contrary, In particular, any feature indicated as being preferred or
advantageous may be combined with any other feature or features indicated
as being preferred or advantageous.
In the context of the present invention, the terms used are to be
20 construed 1n accordance with the following definitions, unless a context
dictates otherwise.
As used herein, the singular forms “a”, “an” and “the” imnclude hoth
singular and plural referents unless the context clearly dictates otherwise.
The terms “comprising”, “comprises” and “comprised of” as used
25  herein are synonyvmous with “including”, “includes” or “containing”,
“containsg”, and are mclusive or open-ended and do not exclude additional,
non-recited members, elements or method steps.
The recitation of numerical end points includes all numbers and
fractions subsumed within the respective ranges, as well as the recited end

30  points.
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All percentages, parts, proportions and then like menfioned
herein are based on weight unless otherwise indicated.

When an amount, a concentration or other values or parameters
i8/are expressed in form of a range, a preferable range, or a preferable upper
Limit value and a preferable lower limit value, it should be understood as
that any ranges obtained by combining any upper limit or preferable value
with any lower himit or preferable value are specifically disclosed, without
considering whether the obtained ranges are clearly mentioned in the
context,

All references cited in the present specification are hereby
incorporated by reference in their entirety.

Unless otherwise defined, all terms used 1n disclosing the
wvention, including technical and scientific terms, have the meaning as
commonly understood by one of the ordinary skilled in the art to which this
invention belongs to. By means of further guidance, term definitions are
included to better appreciate the teaching of the present invention.

The dry electrode adhesive according to the present invention is
an ionically conductive pressure sensitive adhesive (PSA) with low
impedance and good skin compatibility,

The ionically conductive pressure sensitive adhesive according to
the present Invention 1s preferably based on a silicone or acrylate resin,
most preferably a polar solvent-based acryvlic pressure sensifive adhesive
with high breathability and a non-foxie, non-irritating 1onie liquid leading to
onie conductivity.,

The ronically conductive pressure sensitive adhesive composifion
401p according to the present invenfion can be used as a dry film, which
offers a solution for long-term monitoring of biosignals by acting as a
funetional contact between electrode and skin. In contrast to gel-type

electrodes currently in the market it cannot dry out and it does not lead to
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skin irritation. Furthermore, the impedance of the PSA according fto the
present invention is very low without any addition of water.

More preferably, the ionlcally conductive pressure sensitive
adhesive composition comprises a (meth)acrylate resin  comprising
{meth)acrviate monomer comprising OH-group (hydroxyl group) and an
1onic Hguid.

Most ypreferably, the ionically conductive pressure sensitive
adhesive composition 401p according to the present Invention comprises a
{(meth)acrylate resin comprising at least 10% of a (meth)acrylate monomer

comprising OH-group by weight of the total weight of the (methlacrylate

resin.
Suttable {meth)acrylate resin for use in the present invention is
preferably formed from the monomers selected from the group consisting of

hydroxyethyl acrylate, hydroxypropyl acrviate, hydroxybutyl acryvlate,
methyvl methacrylate, butyl acrvlate, ethylhexyl acrylate, acrylic acid, C1-
C18 alkyl (meth)acrvlate, (meth)acrviamide, vinyl acetate, N-vinyl
caprolactame, acrylonitrile, vinyl ether, benzyl (methiacryiate, evelohexyl
{methjacryiate, glyeidyl (meth)acryvlate and mixtures thereof, preferably
formed from the monomers selected from the group consisting of
hydroxyethyl acrylate, methyl methacryiate, butyl acrylate, ethylhexyl
acrvlate and mixtures thereof, and more preferably said (meth)acrylate
resin 18 formed from hydroxyethvl acrylate, methyl (meth)acryiate, butyl
acrvlate and ethylhexyl acryiate.

Suitable commercially available (meth)acrylate resins for use in
the present invention include, but not limited to Loctite DUROQ-TAK 222A,
Loctite DURO-TAK 87-2024; Loctite DURO-TAK 87-402A; Loctite DURO-
TAK 73-626A from Henkel.

The applicant has found out that a PSA comprising a
{methacrylate resin, especially comprising at least 10% of a (meth)acrylate

monomer comprising OH-group provides good impedance and electrodes do
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not dry out and they can be used for longer period measurement (the higher
OH content increases the water vapor transmission rate of the polymer,
which contributes to increased breathability and longer wear times).

Preferably content of said (meth)acrvlate monomer comprising
OH-group 1n said {(meth)acrylate resin 1s at least 15% by weight of the total
weight of the (meth)acrylate resin, preferably at least 20%, more preferably
at least 25%, and most preferably at least 30%, but ne more than 659,
preferably no more than 60%, more preferably no more than 55%, and most
preferably no more than 50%.

When the (meth)acrylate monomer comprising OH-group in said
{meth)acrylate resin 18 more than 65% by weight of the total weight of the
(meth)acrviate resin, the higher OH-group content may negatively effect the
adhesion properties.

An onically conductive pressure sensitive adhesive composition
401p according to the present invention may comprise said (meth)acrvlate
resin from 5 to 80% by weight of the total weight of the composition,
preferably from 15 to 75% and more preferably from 30 to T0%.

Lower (meth)acrylate resin guantity may lead to poor adhesion
properties and not beneficial to film forming properties, whereas too high
guantity may lead to poor conductivity,

An onically conductive pressure sensitive adhesive composition
401p according to the present invention comprises an ionic liguid, preferably
a non-toxie, non-irritating 1onie hguid leading to 1onic conductivity.

More specifically, an ionically conductive pressure sensitive
adhesive composifion 401p according to the present invention comprises an
ionie liguid selected from the group comsisting of imidazolium acetates,
mmidazolium sulfonates, imidazolium chlorides, imidazolium sulfates,
imidazolium  phosphates, imidazolium  thiccyanates, imidazolium
dicyanamides, imidazolium benzoates, imidazolium triflates. choline

triflates, choline saccharinate, choline sulfamates, pyridinium acetates,
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pyridinium  sulfonates, pynidimum  chlondes, pyrnidinium  sulfates,
pyridinium phosphates, pyridinium thioevanates, pyridinium dicyanamides,
pyridinium benzoates, pyridintum  triflates, pyrrolidinium acetates,
pyvrrolidinitom sulfonates, pyrrolidinium chlorides, pyrrolidinium sulfates,
pyrrolidinium  phosphates, pyrrolidinium  thiocyanates, pyrrolidinium
dicvanamides,  pyrrolidinium  benzoates,  pyrrolidiniure  trifiates,
phosphonium acetates, phosphonmium sulfonates, phosphonium chilorides,
phosphonium  sulfates,  phosphonium  phosphates,  phosphonium
thiocyanates, phosphonium  dicvanamides, phosphonium  benzoates,
phosphonium triflates, sulfontum acetates, sulfonium sulfonates, sulfonium
chlorides, sulfonium  sulfates, sulforvum  phosphates, sulfonium
thiocvanates, sulfonium dicyanamides, sulfomium benzoates, sulfonium
triflates, ammonium acetates, ammomum sulfonates, ammonium chlorides,
ammonium  sulfates, ammonium phosphates, ammonium thiocyanates,
ammonium dicyanamides, ammonium benzoates, ammonium triflates and
mixtures thereof.

The term “tonie Hquid” refers to a specific class of molten salts
which are liguids at temperatures of 100° C or below,

Preferably, said ionic liguid “I” is selected from the group
consisting of I-ethyl-3-methylimidazobum (EMIM) acetate, 1-ethyl-3-
methylimidazolium methanesulfonate, I-ethyl-3-methyhimidazolium
frifluoromethanesulfonate, 1-ethyi-3-methylimidazolium chloride, 1-ethyl-3-
methylimidazolium ethvlsulfate, l-ethyl-3-methylimidazohium
diethylphosphate, l-ethyl-3-methyhmidazolium thiocyanate, 1-ethyl-3-
methylimidazolium dicvanamide, l-ethyl-3-methylimidazolium benzoate,

choline triffucrmethanesulfonate, choline saccharinate, choline

acesulfamate, choline N-cyelohexyisulfamate, tris(2-
hydroxyethyDmethylammonium methylsulfate, 1-ethvl-3-

methylimidazolium tetrafluoroborate, 1-allyl-3-methylimidazolium (AMIM)
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bis(trifluoromethylsulfonyDimide, l-ethyi-3-methyvlimidazolium ethyl
sulfate, choline acetate and mixtures thereof.

More preferably, the ionic Liquid “T” is selected from the group

consisting of  l-ethyl-3-methylimidazolium  benzoate, 1-ethyl-3-
methylimdazolium tetrafiuoroborate, 1-ethyl-3-methylimidazolium

methanesulfonate,  1-ethyl-3-methyhimidazolium  chloride,  1-ethyl-3-
methylimidazolium triftuoromethanesulfonate, choline
triflucromethanesulfonate, 1-ethyl-3-methylimidazolium acetate, choline
acetate, l-ethyl-3-methylimidazolium  diethylphosphate, 1-ethyl-3-
methylimidazolium his{tnifluoromethyvlsulfonylimide, 1-ethyl-3-
methylimidazolium ethyl sulfate, 1-ethyl-3-methylimidazolium thiocyanate,
l-ethyvl-3-methyviimidazoliiun  dicyanamide, choline saccharinate, choline
acesulfamate, l-ethyl-3-methylimidazobum ethyl sulfate and mixtures
thereof.

Above mentioned ionic liguids are preferred because they have
good solubility In the resin, in particular (methjacryiate resin, according to
the present invention and low toxicity,

Suitable commercially available iomie hquids for use in the
present invention inelude, but not limited to Basionies ST80, Basionics
Katl, Basionics BC0O1, Basionics V311, Basionics VS(3, and Efka IO 6785,
all from BASF.

An 1onically conductive pressure sensitive adhesive composition
401p according to the present invention may comprise an lonie liguid from
0.1 to 35% by weight of the total weight of the composition, preferably from
0.5 to 25%, and more preferably from 1 to 15%.

If the guantity of the tonic ligmd “1” is too low, the adhesive may
not show any ionic conductivity and the signal may be lost, whereas too high
guantity may not provide improvement in signal quality but may increase

the chances of skin irritation and decrease the adhesion properties,
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An 1onically conductive pressure sensitive adhesive compaosition
401p according to the present invention may further comprise an ionic
conductivity promoter, preferably a non-toxie, non-irritating ionic
conductivity promoter leading to additional ionic conductivity.

) The 10n1c conductivity promoter is semi-solid or solid under room
temperature and can be dissolved in the ionic liquid. It has good
compatibility with the (meth)acrylate resin according to the present
invention,

The 1onic conductivity promoter suitahle for the present invention

10 1s selected from choline chloride, choline bitarirate, choline dihvdrogen

citrate, choline phosphate, choline gluconate, choline fumarate, choline
carbonate, choline pyrophosphate and mixture thereof.

According to the present invention, the ionically conductive
pressure sensitive adhesive composition 401p according fo the present

15 invention may comprise an ionic conductivity promoter from 0.1 to 35% by

weight of the total weight of the composition, preferably from 0.5 to 25%,
and more preferably from 1 to 15%.

If the quantity of the ionic conductivity promoter is too low, the
pressure sensitive adhesive may not show any ionic conductivity and the

20  signal may be lost, whereas too high quantity may not provide improvement

i signal guality but may increase the chances of skin irritation and
decrease the adhesion properties.

To further improve conductivity, the lonically conductive pressure
sensttive adhesive composition 401p according to the present invention may

25  further comprise electrically conductive particles.

Preferahly electrically conductive particles are selected from the
group consisting of metal particles and metal nanoparticles, metal
containing particles and nanoparticles, graphite particles and nanoparticles,
carbon particles and nanoparticles, carbon nanowires, conductive polymer

30  particles and nanoparticles, and mixtures thereof, more preferably selected
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from the group consisting of silver containing particles, silver particles,
copper particles, copper containing particles, silver nanowires, copper
nanowires, graphite particles, carbon particles and mixtures thereof, and
even more preferably selected from graphite particles, carbon particles and
mixtures thereof.

sraphite particles and carbon particles are preferred due the fact
that they do not cause skin irritation but provide adequate conductivity.

Suitable commercially available electrically conductive particles
for use 1n the present invention wnclude, but rot hmited to Ensaco 250G,
Timrex KS6 from Timeal, Printex XE2ZB from Necarbo, C-Nergy Super €65
from lmerys and Vulean XCT72R from Cabot.

An 1onically conductive pressure sensitive adhesive compaosition
401p according to the present invention may comprise said electrically
conductive particles from 0.1 to 38% by weight of the tofal weight of the
composition, preferably from 0.5 to 25%, and more preferably from 1 to 15%.

If the guantity of the electrically conductive particles is too low, it
may lead to poor conductivity, whereas too high guantity may lead to loss of
adhesion properties.

An ionically conductive pressure sensitive adhesive composition
401p according to the present invention may further comprise a polvether
polyol. Preferably, the polvether polyol is selected from polvethylene glyeol
{(PEG), polypropylene glveol (PPG), polvtetramethylene glycol (PTMG) and
mixtures thereof. The applicant has found out that addition of polyvether
polyol 1s an exceptionally good host for ionie conductivity due to the open
and flexable molecule chains, and therefore, has a posifive impact on the
impedance. The applicant has found out that already a small quantity of
polyether polyol has a positive tmpact, which is beneficial regarding the skin
compatibility of the composition.

Preferably, the polyether polyvol may have a weight averaged

molecular weight (Mw) from 300 to 1000 g/mol, preferably from 350 to 750
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g/mol and maore preferably from 380 fo 420 g/mol, wherein the molecular
weight 18 measured by gel permeation chromatographyv according to DIN
55672-1:2007-08 with THF as the eluent.

Suitable commercially available polvether polvols for use in the
present invention include, but are not hmited to Kolhisolv PEG 401 from
BASF.,

An ionically conductive pressure sensitive adhesive composition
401p according to the present invention may comprise polyether polyol from
0.1 to 35% by weight of the total weight of the composition, preferably from
0.5 to 25% and more preferably from 1 to 15%.

Too high polyether polyol quantity may lead to loss of adhesion
properties.

An 1onically conductive pressure sensitive adhesive composition
401p according to the present invention may further comprise a solvent.

Suitable solvent for use in the present invention may be selected
from the group consisting of water, ethyl acetate, butyl acetate, butyl
diglycol, 2-butoxvethanol, ethvlene glycol, diethylene glveol, propylene
glveol, dipropviene glyeol, methanol, isopropancl, butanol, dibasic esters,
hexane, heptane, 2, 4-pentadione, toluene, xvlene, benzene, hexane, heptane,
methyl ethyl ketone, methyl isobutyl ketone, diethylether and mixtures
thereof, preferably said solvent is selected from the group consisting of ethyl
acetate, butyl acetate, ethylene glycol, propvlene glycol and mixtures
thereof.

Suitable commercially available solvents for use in the present
mvention include, but not himited to ethyl acetate and ethylene glveol from
Brenntag, butyl acetate from Shell Chemicals and propylene glyveol from
Lyvondell.

An ionically conductive pressure sensitive adhesive composition

401p according to the present invention may comprise a solvent from 10 to
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90% by weight of the total weight of the composition, preferably from 20 to
80%, and more preferably from 30 to T0%.

If the quantity of the solvent is too low, this may lead to
processability problems due to the fact that the viscosity is too high and
{meth)acrylate resin may not be fully soluble. Whereas too high gquantity
may lead to loss of functionality, and the viscosity of the adhesive is too low
to process.

An ionically conductive pressure sensitive adhesive composition
401p according to the present invention has an impedance value below
100,000 Ohm at 1 kHz, preferably, below 20,000 Ohm at 1 kHz, wherein
sald impedance 1s measured by connecting two electrodes coated each with
25 um of an ionic conductive pressure sensitive adhesive having a contact
area of 0.25 cm?,

Advantageously, the combination of the (meth)acrylate resin and
the ionic liquid leads to a low impedance. The ionic Haguid provides the ionic
conductivity, however, if the ionic lguid “I” is not miscible with the
{meth)acrylate resin, one will not see any ionie conductivity in the pressure
sensitive adhesive, In the embodiment, wherein PEG is added to the
composition, the additional OH-groups from the PEG make the system more
polar and enhanee the ionic conductivity of the ionic Liquid “T" in the
(meth)acrylate resin.

An 1onically conductive pressure sensitive adhesive composition
401p according to the present invention has high breathability. (rood
breathability is obtained if the water can penetrate easily through the
adhesive layer. To achieve this effect, a quite polar resin is required, 1n this
occasion, the OH-functionalities support and improve the breathability.

Adhesive according to the present invention has a breathability
value of about 4200 g/m? in 24 hours. As a comparison a standard acrylic

PSA has a breathability value of about 2000 g/m? in 24 hours. The
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breathability 18 measured through a moisture vapor transmission rate
(MVTR) measurement according to ASTM D1653.

The present invention also relates to a dry film formed from the
ionically conductive pressure sensitive adhesive comyposition 401p according
to the present Invention.

The dry film formation can be done by coating the ionically
conductive pressure sensitive adhesive composition on a supporting
substrate (such as a film) and drving the film In an oven at for example
120°C for 3 munutes to remove the solvent and form a dry film of the
1onically conductive pressure sensitive adhesive on the supporting
substrate.

The known method used for preparing pressure-sensitive
adhesive can be used. Specifically, examples include roll coating, gravure
coaling, reverse coating, roll brushing, spray ceating, and air knife coating
methods, iImmersing and curtain coating method, and extruding coating
method with a die coater, The present inventlon also relates to use of an
ionically conductive pressure sensitive adhesive composition 401p according
£o the present invention in skin applications as a contact medium as part of
electrodes measuring biosignals from the skin.

The present invention also encompasses use of a dey film
according fo the present invention in skin applications as a confact medium
as part of electrodes measuring biosignals from the skin.

For the purpose of clarity and a concise description, features are
described herein as part of the same or separate embodiments, however, it
will be appreciated that the scope of the invention may nclude
embodiments having combinations of all or some of the features described.
Of course, it is to be appreciated that any one of the above processes may be
combined with one or more other processes to provide even further
improvements in finding and matching designs and advantages. It is

appreciated that this disclosure offers particular advantages to skin-
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compatible electrode for use on humans, and in general can be applied for
any application wherein electrical signals are recorded from a surface.

In interpreting the appended claims, it should be understood that
the word "comprising” does not exclude the presence of other elements or
acts than those listed in a given claim; the word "a" or "an" preceding an
element does not exclude the presence of a plurality of such elements; any
reference signs in the claims do not limit their scope; several "means” may
be represented by the same or different item(s) or implemented structure or
function; any of the disclosed devices or portions thereof may be combined
together or separated into further portions unless specifically stated
otherwise. Where one claum vefers to another claim, this may indicate
svnergetic advantage achieved by the combination of their respective
features. But the mere fact that certain measures are recited in mutually
different claims does not indicate that a combination of these measures
cannot also be used to advantage. The present embodiments may thus
include all working combinations of the claims wherein each claim can in

principle refer to any preceding claim unless clearly excluded by context.
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CLAIMS
1. A method of manufacturing a skin-compafible electrode (100), the
method comprising:

- printing a conductive ink (300p) onfo a flexible substrate (200) to
form an electrically conductive layer (300) in a cireuit pattern (P1)
comprising

o an electrode pad area (301) for transceiving electrical signals (E)
via the skin (8), and

0 a circuit lane (302) electrically connected to the electrode pad area
{301) for guiding the electrical signals (E) along the flexible
substrate (200);

- printing, coating or dispensing an adhesive composition (401p)
onto the printed electrode pad area (301) to form an adhesive interface layer
{401} 1n an adhesive pattern (P2}, wherein the adhesive interface laver (401}
18 conductive for, i use, maintaining an electrical connection for the
elactrical signals () between the electrode pad area (301) and the skin (5),
wherein the adhesive interface layer (401) is a dry film formed from the
adhesive composition (401p} comprising an ionically conductive pressure
sensitive adhesive composition comprising a resin {R), an tonie Liguid (1),
and optionally electrically conductive particles (P}, wherein the lonic Hquid

18 a salt which 1s liguid at temperatures of 100° C or below,

2. The method according to claim 1, wherein a combined thickness
(T) of the flexible substrate (200), the electrically conductive layer (300) at
the electrode pad area (301), and the adhesive interface layer (401}, and
their respective maternal compositions, are adapted to provide a combined
stiffness at the electrode pad area (301) in plane of the flexible substrate
(200) of less than two hundred thousand Newton per meter, more preferably

below ten thousand Newton per meter,
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3. The method according to any of the preceding claims, wherein an

electrically insulating composition (311p) 1s printed in a skin insulating
pattern {P3) to form a skin insulating layer (311) covering at least part of
the cireuit lane (302) adjacent the electrode pad area (301) for, in use,

electrically insulating the circult lane (302) from the skin (8).

4. The method according to any of the preceding claims, wherein a
dielectric adhesive composition (402p) is printed in an electrically insulating
adhesive pattern (P4) to form an electrically insulating adhesive layer (402)
on the flexible substrate (200) and/or the circuit lane (302) at areas adjacent
the adhesive pattern (P2) for, in use, improving the adhesion of the electrode

(100} on the skin (S).

5. The method according to any of the preceding claims, wherein the
conductive ink (300p) is printed in an exterior shielding pattern (P3) to form
an exterior shielding layer {322) on the flexible substrate (200) before
printing the electrically conductive layer (300), for, in use, shielding the
electrically conductive layer (300) from exterior electromagnetic

interference.

6. The method according to any of the preceding claims, wherein the
conductive ink (300p) is printed in a skin shielding pattern (P7) to form a
skin shielding layer (321), for, in use, shielding the electrically conductive
layer (300) from electromagnetic interference, wherein a skin insulating
laver (311) is arranged between the skin shielding layer (321) and the
cireuit lane (302) for electrically insulating the skin shielding layer (321)
from the electrically conductive layer (300).

7. The method according to any of the preceding claims, wherein the

skin shielding layer (321} is electrically connected to the exterior shielding
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layer (322).

8. The method according to any of the preceding claims, wherein the
flexible substrate (200) is cut according to a substrate cut pattern (P8),

5  wherein the circuit pattern (P1) forms a subset area of the substrate cut

pattern (P8).
9. The method according to any of the preceding claims, comprising

manufacturing a plurality of the electrodes (100} on a common flexible

10 substrate (200).

10, The method according to claim 9, wherein the electrades (100) are
arranged according to a predefined electrode pattern for transceiving a

plurality of electrical signals (I} at respective aveas of the skin (S).

11 The method according to claim 9 or 10, wherein the electrode
pattern comprises at least three electrodes (100) for measuring ECG signals

via the skin (8).

20 12 The method according to any of claims 9 ~ 11, wherein areas of
the skin-compatible patch (1000) between the electrode pad areas (301) are

covered by the electrically insulating adhesive layer (402).

13. The method according to any of claims 9 — 12, wherein the
25  respective circuit lanes (302) of the electrodes converge at a common

external connection arvea (303).

14, The method according to any of claims 8 ~ 13, wherein the

electrode pattern forms a two-dimensional array of spaced apart electrode
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pad areas (301) with respective circuit lanes (302)

15. A skin-compatible electrode {100), manufactured according to any

of the preceding claims, the electrode (100) comprising:

-~ a [lexible substrate (200);
-~ an exterior shielding laver (322) formed by a conductive ink

{300p} printed in an exterior shielding pattern (P5) onto the flexible
substrate (200);

- an  exterior sulating layer (312) formed by a dielectric
composition (311p) printed in an intermediary insulating pattern (P6) onto
the exterior shielding layer (322);

- an electrically conductive layver (300} formed by the conductive ink
(300p) printed 1n a circuit pattern (P1) onto the exterior insulating layer
(312), the circuit pattern (P1) comprising

o an electrode pad area (301) for transceiving electrical signals (E}
via the skin (S). and

0 a circuit lane (302} electrically connected to the electrode pad area
{301) for guiding the electrical signals (E) along the flexible
substrate (200);

~ a skin insulating laver (311} formed by a dielectric composition
(311p) pminted 1n a skin insulating pattern (P3) onto at least part of the
cireult lane (302);

- a skin shielding layer (321) formed by the conductive ink (300p)
printed in a skin shielding pattern (P7), wherein the skin insulating layer
(311) 1s arranged between the skin shielding layer (321) and the circwf lane
{302);

~ an adhesive interface laver (401) formed by a dry film of an
adhesive composition (401p) coated or dispensed in an adhesive pattern (P2)
on the electrode pad area (301), wherein the adhesive composition (401p)

comprises an lonically conductive pressure sensitive adhesive composition
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comprising a resin (R), an onic ligud (§), and optionally electrically
conductive particles (P), wherein the ionic hiquad 1s a salt which is hiquad at
temperatures of 100° € or below;

- an electrically insulating adhesive laver (402} formed by a
dielectric adhesive composition (402p} printed in an electrically insulating
adhesive pattern (P4) on the flexible substrate (200) and/or the cireuit lane

{302) at areas adjacent the adhesive pattern (P2).

16. The skin-compatible electrode (100} according to claim 15,
wherein a combined thickness (1) of the flexible substrate (200), the
electrically conductive layer (300) at the electrode pad area (301), and the
adhesive interface laver (401), and their respective material compositions,
have a combined stiffness at the electrode pad area (301) in plane of the
flexible substrate (200) less than two hundred thousand Newton per meter,

more preferably below ten thousand Newton per meter,

7. An ExG system comprising at least one electrode (100) according

to claim 15 or 16,
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