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(57) Abstract: A conductive element (3) which can serve as
capacitive sensing element comprises a conductive pad (9)
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ively high conductivity material, such as silver-based ink, un-
derlying or overlying the pad to form a composite conductive
element. A conductive element (5) which can serve as a con-
nector to a capacitive sensing element comprises a set of
elongate conductive tracks (13) and a set of conductive mem-
bers (14) crossing said tracks.
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Conductive element

Field of the invention
The present invention relates to a conductive element for an interactive printed

article, such as a poster, book or greeting card.

Background

Conductive elements, such as capacitive sensing elements and conductive tracks, are
increasingly being incorporated into printed articles, such as books, posters and
greeting cards, to allow printed articles to become interactive. Examples of
interactive printed articles are described in GB 2 464 537 A, WO 2004 077286 A,
WO 2007 035115 A and DE 1993 4312672 A.

Such interactive printed articles can suffer one or more drawbacks.

Capacitive sensing elements can be formed using conductive inks containing
particles or flakes of carbon or a metal, such as silver. Metal-based inks tend to
have better electrical properties than carbon-based inks. However, metal-based inks
are generally more expensive and can be more damaging to the environment than

carbon-based inks.

Conductive tracks, usually formed from conducting ink, are used to connect the
capacitive sensing elements to terminals. If a wide track is used, then the track may
have a sufficiently large capacitance to serve as a capacitive sensing element. Thus,
proximity of a user’s finger to the track may unintentionally trigger a response.

One solution is to reduce the width of the track and, thus, its capacitance.
However, this has the effect of increasing the resistance of the track thereby
reducing the maximum frequency of operation. Normally, if the width of the track
is reduced, then a shorter track is used. The use of a narrower track also increases
the chances that a broken track is formed during manufacture due to a defect, for
example, a print defect, or that a working track is broken when handled or

processed.
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Summary
The present invention seeks to provide an improved conductive element for use as a

capacitive sensing element.

According to a first aspect of the present invention there is provided a conductive
element comprising a conductive pad comprising relatively low conductivity
material and a conductive mesh comprising relatively high conductivity material, the

mesh underlying or overlying the pad to form a composite conductive element

Thus, the conductive element can be formed using less high conductivity material
without significantly reducing conductivity of the conductive element. This means

that the conductive element can be quickly charged and discharged.

The conductive element can be used as a single-key capacitive sensing element (or
“capacitive touch or proximity switch” or “capacitive touch or proximity button”).
The low conductivity material is preferably a conductive ink, such as carbon-based
conductive ink, which can be printed onto a substrate. The relatively high
conductivity material, which may be a metal-based conductive ink or toil, may
undetlie or ovetlie the pad and/or be in plane with the pad. The mesh and pad are

in direct contact and form a composite conductive element.

The conductive element may be supported on an opaque substrate. Thus, the pad
and/or the mesh may be opaque and so a wide choice of materials, geometries and

layer thicknesses can be used.

The substrate may be flexible and may be paper, card and/or plastic.

According to a second aspect of the present invention there is provided a
conductive element comprising a conductive pad comprising relatively low
conductivity material and having a reversed out image of a conductive mesh having
relative narrow line width and a conductive mesh comprising relatively high
conductivity material, aligned with the reversed out image and having a relatively

wide line width and arranged to form a composite conductive element.
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Thus, the conductive element can be formed by printing the conductive pad using a
relatively low conductivity ink, such as a carbon-based conductive ink, and then
printing the conductive mesh using a relatively high conductivity ink, such as a
metal-based conductive ink, while the conductive pad is still wet. Since at least a
portion of the conductive mesh is printed in ink-free areas (i.e. the reversed out
image), this can help to reduce intermixing of the inks, which might reduce the

conductivity of the relatively high conductivity ink.

The conductive pad may have a sheet resistance of at least 1 kQsq ', at least 2 kQsq~
"or at least 5 kQsq'. The conductive pad may have a sheet resistance of at least
10k Qsq ', at least 20 kQsq ' or at least 50 kQsq'. The conductive pad may have a

sheet resistance no more than 20 kQsq ' or no more than 50 kQsq ™.

The conductive mesh may have a sheet resistance (when tested as a solid pad) of no
more than 50 Qsq ', no more than 20 Qsq™' or no more than 10 Qsq'. The
conductive mesh may have a sheet resistance of no more than 5 Qsq ™', no more
than 2 Qsq ' or no more than 1 Qsq'. The conductive mesh may have a sheet
resistance of at least 0.1 qufl, at least 0.2 qufl, at least 0.5 qu{1 or at least 1
Qsq .

The conductive pad may comprise conductive ink, such as a carbon-based
conductive ink. The conductive pad may comprise a conductive polymer. The
conductive mesh may comprise a conductive ink. The mesh may comprise a metal-
based conductive ink, such as a silver-based conductive ink or a copper-based
conductive ink. The conductive mesh may comprise a conductive foil. The

conductive mesh may comprise a conductive polymer.

The pad and mesh preferably cover the same area or about the same area. For
example, the conductive pad may have an area, A, and the conductive mesh may
have an area, A, and 1.5XA 2 A 2 0.67XA, 1.2xXA 2 A 2 0.83XA,

LIXA, 2 A, 2091XA or A) = A

m*
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The conductive element may cover a surface area of at least 100 mm?, at least 200
mm? or at least 500 mm?®. The conductive element may cover a surface area of at
least 1,000 mm?®, at least 2,000 mm® or at least 5,000 mm?®. The conductive element
may cover a surface area of no more than 5,000 mm?®, no more than 10,000 mm? or
no more than 20,000 mm® The conductive pad may comprise a layer which is a

solid block.

The conductive pad may have a thickness of at least 1 um, at least 2 pm, at least 5
um or at least 10 pm. The conductive pad may have a thickness no more than 5 pm
or no more than 10 pm. The conductive pad may have a thickness in a range of

about 1 um to about 5 pm.

The conductive mesh may have a thickness of at least 1 pm, at least 2 pm, at least 5
pum or at least 10 um. The conductive mesh may have a thickness of no more than

5 pm or no more than 10 pm. The conductive mesh may have a thickness in a range
of about 1 um to about 5 pm. The conductive mesh may comprise track(s) having a

width of at least 100 pm, at least 200 pm or at least 500 pm.

The conductive mesh may comprise track(s) having a width no more than 1 mm, no
more than 2 mm or no more than 5 mm. The conductive mesh may comprise

track(s) having a width of at least 1 mm, at least 2 mm or at least 5 mm.

The conductive mesh may include open areas without the relatively high
conductivity material, each open area being least 20 mm?, at least 50 mm?® or at least

100 mm?.

The mesh may comprise an array of tracks. The tracks need not run parallel. The

tracks need not be straight. The tracks may curve, be waved or sinusoidal.

The mesh may comprise a rectangular array of tracks. The rectangular array may
comprise at least one row of tracks, at least two rows of tracks, at least three rows
of tracks, at least four rows of tracks, at least five rows of tracks, at least six rows of

tracks, at least seven rows of tracks, at least eight rows of tracks, at least nine rows
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of tracks or at least ten rows of tracks. The rectangular array may comprise at least
one column of tracks, at least two columns of tracks, at least three columns of
tracks, at least four columns of tracks, at least five columns of tracks, at least six
columns of tracks, at least seven columns of tracks, at least eight columns of tracks,
at least nine columns of tracks or at least ten columns of tracks. At least two rows
of tracks may be equally spaced apart. At least two columns of tracks may be equally

spaced apart. The rectangular array of tracks may be a square array.

The mesh may comprise a circular array of tracks. The circular array may be
elliptical. The circular array may comprise at least one annular track. There may be
at least two annular tracks, at least three annular tracks, at least four annular tracks,
at least five annular tracks, at least six annular tracks, at least seven annular track, at
least eight annular tracks, at least nine annular tracks or at least ten annular tracks.
There may be no more than ten annular tracks. At least two pairs of annular tracks
may be equally spaced apart radially. The circular array may comprise at least one
radial track. There may be at least three radial tracks, at least four radial tracks, at
least five radial tracks, at least six radial tracks, at least seven radial track, at least
eight radial tracks, at least nine radial tracks or at least ten radial tracks. There may
be no more than ten radial tracks. At least two pairs of radial tracks may be equally

spaced apart angularly.

The mesh may comprise a first elongate line and a plurality of second shorter lines
spaced along and crossing the first line along its length. The second shorter lines

may not cross any other lines.

The mesh may comprise a line and the conductive element may comprise a plurality

of pads spaced along the line.

The pads may be opaque. The mesh may be opaque. The pad and mesh may be
disposed on a substrate which is opaque. The pad and mesh may be disposed on a

substrate comprising papet, card and/or plastic.
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The present invention seeks to provide an improved conductive element for use as a

connector.

According to a third aspect of the present invention there is provided a conductive
element comprising a set of elongate conductive tracks and a set of conductive

members crossing said tracks.

This can reduce the capacitance of the conductive element without significantly
reducing conductivity of the conductive element and so provide a connector which

has a lower capacitance.

The connector may be linked to a capacitive sensing element having a capacitance
C,. The capacitive sensing element may take the form of a pad of conductive
material (e.g. carbon-based or metal-based conductive ink, or foil) or a composite
conductive element formed of a pad of relatively low conductivity material and a
mesh of relatively high conductivity material. The connector has a capacitance, C..

The connector preferably has a capacitance which is significantly lower than the
capacitive sensing element, for example C_ < 0.2XC_ or C_ < 0.1XC,. Thus, the

connector does not itself act as a capacitive sensing element and helps to avoid

unintended actuation.

The tracks and/or members may have a sheet resistance (when tested as a solid pad)
of no more than 50 Qsq ', no more than 20 Qsq ' or no more than 10 Qsq'. The
conductive mesh may have a sheet resistance of no more than 5 Qsq ™', no more
than 2 Qsq ' or no more than 1 Qsq'. The conductive mesh may have a sheet
resistance of at least 0.1 qufl, at least 0.2 qufl, at least 0.5 qu{1 or at least 1
Qsq .

The tracks and/or members may comprise a conductive ink. The tracks and/or
members may comprise a metal-based conductive ink. The tracks and/or members
may comprise a silver-based conductive ink. The tracks and/or members may

comprise a conductive foil.
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The tracks and/or members may have a thickness of at least 1 um, at least 2 pm, at
least 5 pm or at least 10 pm. The tracks and/or members may have a thickness of
no more than 5 pm or no more than 10 wm. The tracks and/or members may have a

thickness in a range of about 1 um to about 5 pm.

The tracks may have a width of at least 100 pm, at least 200 pm or at least 500 pm.
The tracks may have a width of at least 1 mm, at least 2 mm or at least 5 mm. The
tracks may be spaced apart by at least 100 pm, at least 200 pum or at least 500 pm.

The tracks may be spaced apart at least 1 mm, at least 2 mm, or at least 5 mm. The

tracks may be are spaced apart at least 10 mm or at least 20 mm.

The set of elongate conductive tracks may run generally in a first direction and the

tracks may be spaced apart in second, transverse direction.

The set of tracks may comprise one track. The set of tracks may comprise at least

two tracks. The set of tracks comprise no more than 10 tracks.

The track may have a length of at least 100 mm, at least 200 mm of at least 500 mm.

The set of tracks may be parallel.

The members may have a width of at least 100 pm, at least 200 pm or at least 500
um. The members may have a width of at least 1 mm, at least 2 mm or at least
5mm. The members may be spaced apart by at least 100 um, at least 200 pm or at
least 500 um. The members may be spaced apart at least 1 mm, at least 2 mm, or at
least 5 mm. The members may be spaced apart at least 10 mm or at least 20 mm.

The members may cross the tracks perpendicularly.

Some or all of the members may each link some or all of the tracks. For example, a
member may cross between outermost tracks of the set of tracks and link the

outermost tracks and any tracks between the outermost tracks.
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According to a fifth aspect of the present invention there is provided an article
comprising a substrate and at least one or at least two conductive elements

according to any preceding claim supported on the substrate.

The substrate may comprise paper, card or other fibre-based material, or a plastic.

The substrate may be a laminate.

According to a sixth aspect of the present invention there is provided a device
comprising a microcontroller and at least one conductive element operationally

connected to the microcontroller.

The at least one conductive element may be for connecting capacitive sensing
conductive element(s) and the microcontroller. Alternatively, the at least one
conductive element may be for capacitive sensing and the device may further
comprise at least one conductive element for connecting the capacitive sensing

conductive element(s) and the microcontroller.

According to a seventh aspect of the present invention there is provided a method
comprising printing a conductive pad comprising relatively low conductivity
material and having a reversed out image of a conductive mesh and printing a
conductive mesh comprising relatively high conductivity material aligned with the

reversed out image over or under the conductive pad.

According to an eighth aspect of the present invention there is provided a capacitive
sensing element comprising a pad of relatively low conductivity conductive ink and
a mesh of relatively high conductivity material undetlying, overlying the pad and/or
in plane with the pad, the mesh and pad being directly in contact so as to form a
single, composite conductive element, wherein the composite conductive element is
supported on a substrate. The capacitive sensing element may provide a single key

capacitive touch or proximity switch.
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The mesh may comprise relatively high-conductivity conductive ink or foil. The
composite conductive element and/or the substrate may be opaque. The substrate

may be flexible and may be paper, card and/or plastic.

According to a ninth aspect of the present invention there is provided a conductive
element comprising a set of elongate conductive tracks and a set of conductive
members crossing said tracks without any conductive layer overlying or underlying

and in direct contact with the conductive element.

The element may comprise relatively high-conductivity conductive ink or foil.

According to a tenth aspect of the present invention there is provided a printed
article comprising a substrate of paper, card and/or plastic and a plurality of

capacitive sensing elements and/or connectors supported on the substrate.

The substrate may have a thickness in a range 25 pm to 250 pm, for example, about
120 to 130 um. The substrate may have a thickness of greater than 250 pm. The

substrate may have a thickness of up to 1 mm, up to 5 mm or up to 10 mm.

The substrate may have a relative permittivity, ¢,, of between about 2 to 4. For

example, paper may have a relative permittivity between about 3.5 and 4.0.
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Brief Description of the Drawings

Certain embodiments of the present invention will now be described, by way of
example, with reference to the accompanying drawings, in which:

Figure 1 is a plan view of a user interface sheet supporting a plurality of conductive
elements in accordance with the present invention;

Figure 1a is magnified view of a first type of conductive element;

Figure 1b is a magnified view of a section of a second type of conductive element;
Figure 2 is a cross section of the first type of conductive element taken along the
line A — A’ in Figure 1;

Figure 3 is a cross section of the second type of conductive element taken along the
line B — B’ in Figure 1;

Figure 4 illustrates a method of manufacturing the user interface sheet shown in
Figure 1;

Figure 5 illustrates an interactive printed article including the user interface sheet
shown in Figure 1;

Figure 6 illustrates, in a plan view, printing a conductive pad with a pattern of a
mesh reversed out and printing an overlapping mesh; and

Figure 7 is a cross section taken along the line C — C” in Figure 6.

Detailed Description of Certain Embodiments
Referring to Figure 1, a user interface sheet 1 for capacitive sensing in accordance

with the present invention is shown.

The sheet 1 comprises a substrate 2 which supports a plurality of conductive
elements 3 of a first type distributed across the substrate 2, a set of terminals 4 and
a plurality of conductive elements 5 of a second type. As shown in Figure 1, the
terminals 4 are grouped in an area 6 to which a device or connector can be attached

and make contact with the terminals 4.

The ftirst type of conductive elements 3 are for capacitive sensing and are
hereinafter referred to as “capacitive sensing elements” or “capacitive sensors”.
The second type of conductive elements 5 are for connecting the capacitive sensing

elements 3 to single tracks 7 which in turn are connected to the terminals 4. The
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second type of conductive elements 5 are hereinafter referred to as “connecting
elements” or “connectors”. The connecting elements 5 may include one or more
turns 8. In some examples, two or more capacitive sensing elements 3 may be
connected by one or more connecting elements 5, i.e. forming a series of linked
capacitive sensing elements 3. Each capacitive sensing element 3 serves as a single

key capacitive touch or proximity switch.

The substrate 2 comprises an electrically insulating material and is tlexible. In this
example, the substrate 2 comprises a sheet of thick paper or card having a weight,
for example, of about 100 to about 200 g/m?. The substrate 2 may have a weight
of up to 350 g/m®or more. However, plastics materials, such as polyethylene
terephthalate (PET), can be used. In some embodiments, the substrate 2 may be
rigid or stiff. For example, the substrate 2 may comprise paperboard, cardboard,
hardboard or thick plastic. The substrate 2 and/or the conductive elements 3, 5
may be opaque, i.e. non-transparent. The substrate 2 may support printed indicia
(not shown), such as text and/ot graphics. The printed indicia (not shown) may
cover the conductive elements 3, 5. A protective layer (not shown) may cover the
conductive elements 3, 5. The protective layer (not shown) may be transparent or
opaque and may support printed indicia (not shown), such as text and/or graphics.
The protective layer (not shown) may comprise paper or card or plastic. The
protective layer (not shown) may be glued to the sheet 2 or be laminated. The
substrate material has a relative dielectric constant, e,. The relative dielectric

constant may be between about 2 and 4 or more.

In this example, the sheet 1 has dimensions of 297 X 420 mm, i.e. A3 as detined by
International Standards Organization (ISO) 216. However, the sheet 1 can be

larger, for example A0, Al or A2, or smaller, for instance, A4 or A5.

As shown in Figures 1 and 1a, the capacitive sensing elements 3 take the form of
circular conductive pads, i.e. conductive discs. The capacitive sensing elements 3
each have a radius, r, of about 30 mm. The capacitive sensing elements 3 can be
larger or smaller. Furthermore, all of the capacitive sensing elements 3 need not be

the same size.
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Referring also to Figure 2, each capacitive sensing element 3 comprises a pad 9
comprising relatively low conductivity material, in this case carbon-based
conductive ink, and a conductive skeleton or mesh 10 comprising relatively high
conductivity material, in this case silver-based conductive ink, overlying the pad 9

so as to form a composite structure. The sheet resistance of the pad 9 may be at
least 1 kQ sq ' and may typically lie in a range of 10 to 50 kQ sq'. The sheet
resistance of (a solid block of) the mesh 10 may be no more than 10 Q sq ' and may
typically lie in a range of 1 to 5 Q sq'. In this example, the pad 9 and mesh 10 have
approximately the same thickness lying in a range of about 0.5 to 10 um, typically in
a range of about 1 to 5 pm. n this example, no further overlying or underlying

layers of conductive material are included in the composite structure.

The pad 9 comprises a single solid block of conductive material. However, the pad

9 can include voids or slots, and/or be broken up into discrete blocks of material.

The conductive mesh 10 comprises a circular array of m concentric rings 11 and n
spokes 12 and has a dart board-like appearance in plan view. In this example, there
are six rings 11 (m = 6) and twelve spokes 12 (n = 12). The rings 11 are radially
equally spaced from neighbouring rings 11 by a distance, Ar, and the spokes 12 are
angularly equally spaced from neighbouring spokes by an angle, A0. In this example,
Ar = 5 mm and AG = 30°.

The rings 11 have a first line width, w,, and the spokes 12 have a second line width,
w,. In this embodiment, the rings 11 and spokes 12 has the same line width, i.e. w,
= w,, and have a thickness of about 300 um. However, the rings 11 and spokes 12
may have different line widths from each other and/or may be thicker or thinner,

e.g. about 500 pm.

The capacitive sensing elements 3 need not be circular and the conductive mesh 10
can have other, non-circular shapes. For example, a capacitive sensing element 3
can be oval, rectangular (for example square) or polygonal, or be a non-regular or

non-uniform shape. The conductive mesh 10 need not be a circular array, but can
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be a rectangular array or take any shape, which may be non-regular or non-uniform
and/or which may include non periodic features or members. The members 11, 12
of the mesh 10 need not cross at right angles. Furthermore, the members 11, 12 of
the mesh need not define identically shaped and/or identically sized open regions.
In some examples, the mesh 10 may comprise only one node, for example a set of

spokes 12 joined in the middle.

The mesh 10 may take the form of a tibrous line which comprises an elongate line
with shorter lines crossing the line along its length. Thus, the elongate line can
provide a highly conductive backbone or trunk and the shorter lines can provide
highly conductive branches. Multiple fibrous lines can be connected to form a
tibrous mesh or network. A mesh comprising, for example, an array of lines, may

additionally be provided with shorter lines to form, for example, a fibrous array.

The conductive mesh 10 need not comprise conductive ink. For example, in some
embodiments, the conductive mesh 10 may comprise a metal foil, for example

tormed by hot or cold foil stamping.

The conductive mesh 10 need not overlie the conductive pad 9. For example, the
conductive mesh 10 can lie under the conductive pad 9. In certain embodiments,
two or more conductive pads 9 and/or conductive meshes 10 can be provided in a
stacked structure or sandwich arrangement. In some embodiments, the conductive
pad 9 may take the form of discrete blocks of conductive material with open regions
of the mesh 10 filled with the discrete blocks of the conductive material, i.e. most
of the pad 9 and most of the mesh 10 are co-planar. As will be explained in more
detail hereinafter, this arrangement can be achieved using a so-called “reversing

out” process.

By employing the conductive mesh 10 using the relatively high conductivity
material, the capacitive sensing element 3 has a lower sheet resistance than a

capacitive sensing element which only uses the relatively low conductivity material.
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Referring to Figures 1, 1b and 3, each connecting element 5 comprises a set of
elongate conductive tracks 13 and a set of conductive members 14 crossing the
tracks (hereinafter referred to as “crossing members” or “linking members”). In
this example, the connecting element 5 comprises silver-based conductive ink, that
is, the same material used to form the conductive meshes 10 (Figure 1a). As shown
in Figure 1, a connecting element 5 can have a length, L, of between about 10 mm
and about 500 mm. However, the length of a connecting element 5 can exceed 500

mim.

The elongate conductive tracks 13 form a band having a width, w. In this and other
embodiments, the band is generally wider than the width of a finger, which is

typically about 20 mm. In this embodiment, w = 25 mm.

The connecting element 5 comprises p tracks 13 and q crossing members 14 per
centimetre. In this example, there are five tracks 13 (p = 5) and one crossing
member 14 per unit centimetre (¢ = 1 cm ™). The tracks 13 run parallel to each
other and are equally spaced by a distance, a. In this example, a = 5 mm. The
crossing members 14 are parallel to each other and are equally spaced by a distance,
b. In this example, b = 10 mm. As shown in Figures 1 and 1b, the cross-linking
members 14 run across the tracks 13 perpendicularly. Also, as shown in Figures 1
and 1b, the crossing members 14 extend between outer tracks of the connecting
element 5 linking the tracks. However, a crossing member 14 need not cross all the

tracks 13.

The tracks 13 have a third line width, w;, and the crossing members 14 have a
tourth line width, w,. In this embodiment, the tracks 13 and crossing members 14
have the same line width, i.e. w; = w,, and have a thickness of about 300 pm.
However, the tracks 13 and crossing members 14 may have different line widths

trom each other and may be thicker or thinner, e.g. about 500 pum.

The connecting element 5 can be thought of as a single track which has been
divided into separate narrow tracks which have been spaced apart. If the user

places their finger over the connecting element 5, then there is less capacitive
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coupling. If the width of the conducting element 5 is greater than the width of a
tinger, then capacitive coupling will greatly reduced. Each connecting element 5
preferably has a capacitance C_ (between a conductive element 3 and a terminal 4)
such that C. = 0.2XC, or C, = 0.1XC,, where C,, is the capacitance of the conducting
element 5. Each connecting element 5 preferably has a resistance R_ (between a
conductive element 3 and terminal 4) such that R, < 10k or R, < 5kQ. Thus, the
connecting elements 5 do not impede charging and discharging of the conductive
elements 3. The use of the crossing members 14 can help to link tracks 13 and so

minimise the effect of defects and/or breaks.

Referring to Figure 4, a method of manutacturing the sheet 1 will now be described.

The conductive elements 3, terminals 4 and tracks 5 can be formed using a printing

process, such as screen printing, ink jet printing, flexography or offset printing.

As shown in Figure 4, a first printer 15, e.g. an inkjet, offset or screen printer, is
used to apply a first ink 16 on to the substrate 2. In this example, the first ink 16

comprises a carbon-based conductive ink and is used to form conductive pads 9.

The ink 16 is left sufficiently long to dry or is cured to allow a further layer of ink

to be printed.

A second printer 17, e.g. an inkjet, offset or screen printer, is used to apply a second
ink 18 on to the sheet 2. The second ink 18 comprises a silver-based conductive ink
is used to form the terminals 4 (Figure 1), the connecting element 5 and the

conductive mesh 10.

Suitable conductive inks are available from Sun Chemical Corporation, Parsippany,

New Jersey, USA.

As explained earlier, the order in which the inks 16, 18 can be reversed. Also, the
relatively high conductivity ink can be replaced by a metal foil, for example,

comprising aluminium or silver.
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Referring to Figure 5, an interactive printed article 19 employing the sheet 1 is

shown.

The interactive printed article 19 takes the form of an interactive poster. A sheet 1
is placed behind a poster 20 having indicia 21 printed thereon and so provide a user
interface. A single sheet may be used, in other words, one side of the sheet
supports the user interface and the reverse supports printed indicia. The capacitive
sensing elements 3 can be aligned with some of the indicia 21 in places which guide,
invite or instruct a user to touch the poster in those places. A device 22 is mounted
to the sheet 1 which alone or in conjunction with other circuitry can provide audio

and/or visual output.

Referring again to Figure la, if a printing line is used to form the capacitive sensing
element 3, then it may be printed “wet-on-wet”, i.e. the conductive mesh 10 is
printed on the conductive pad 9 while the ink forming the conductive pad 9 is still
wet. However, this may result in intermixing of the inks, which can reduce the

conductivity of the conductive mesh 10.

One solution is to wait sutficiently long, for example a few hours, between printing
the conductive pad 9 and printing the conductive mesh 10 for the ink of the

conductive pad 9 to dry.

Another, quicker solution is to use ink formulations which are curable using, for
example, ultraviolet (UV) light and to cure the ink of the conductive pad 9 before

printing the conductive mesh 10.

A further solution is to employ a process of “reversing out”, as will now be

described in more detail.

Referring to Figures 6 and 7, a modified form of conductive pad 9’ can be printed.
The conductive pad 9’ is made up of regions 22 of ink with a reversed-out image 23

of, in this example, the conductive mesh 10. The gaps making up the image 23 have
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a width, w5, for example of about 0.5 mm. A conductive mesh, which can be the
same as the conductive mesh 10 (Figure 1a) described earlier, is then printed on top
having a line width, w,, where w, > wy, for example, 1 mm. This forms an
intermixed mesh 24 comprising a first, central region 25 comprising material which
has a high conductivity and a second, interface region 26 which comprises a mixture
of the inks which has a lower conductivity than the ink in the first region 25. It will
be appreciated that the pattern of the pad and mesh can differ, as hereinbefore
described. It will also be appreciated that the order of printing may be reversed, i.e.

the conductive mesh is printed first and then the conductive pad 9’ is printed.

Thus, even if “wet-on-wet” printing is used, a highly conductive mesh or skeleton

can still be formed.

It will be appreciated that many modifications may be made to the embodiments
hereinbefore described. The interactive printed article need not be a poster, but can
be a book, calendar, greeting card, product packaging or point of sale display. The

substrate can be any form of fibre-based material, such as paper or card.

A sheet 1 which supports capacitive sensing elements 3 and connecting elements 5
may be applied to another article. For example, the sheet 1 may line an injection
moulding die (not shown) and material such as plastic (not shown) may be injected
into the die to form an article (not shown) which includes the sheet 1, for example
covering it surface. Therefore, capacitive sensing elements 3 can be easily

incorporated into an article which, for example, has a complex shape.
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Claims

1. A conductive element comprising:
a conductive pad comprising relatively low conductivity material; and
a conductive mesh comprising relatively high conductivity material

underlying or overlying the pad to form a composite conductive element.

2. A conductive element according to claim 1, wherein the conductive pad has a

sheet resistance of at least 1 kQsq ', at least 2 kQsq ' or at least 5 kQsq .

3. A conductive element according to claim 1 or 2, wherein the conductive pad
has a sheet resistance of at least at least 10k Qsq ', at least 20 kQsq ' or at least 50

kQsq™.

4. A conductive element according to any preceding claim, wherein the
conductive mesh has a sheet resistance of no more than 50 Qsq ', no more than 20

Qsq " ot no more than 10 Qsq .

5. A conductive element according to any preceding claim, wherein the
conductive mesh has a sheet resistance of no more than 5 Qsq ', no more than 2

qu’1 or no more than 1 qufl.

6. A conductive element according to any preceding claim, wherein the

conductive pad comprises conductive ink.

7. A conductive element according to any preceding claim, wherein the

conductive pad comprises a carbon-based conductive ink.

8. A conductive element according to any preceding claim, wherein the

conductive mesh comprises a conductive ink.

9. A conductive element according to any preceding claim, wherein the

conductive mesh comprises a metal-based conductive ink.
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10. A conductive element according to claim 9, wherein the conductive mesh
comprises a silver-based conductive ink
11. A conductive element according to any preceding claim, wherein the

conductive mesh comprises a conductive foil.

12. A conductive element according to any preceding claim having a surface area

of at least 100 mm?, at least 200 mm?® or at least 500 mm”.

13. A conductive element according to any preceding claim having a surface area

of at least 1,000 mm?, at least 2,000 mm?® or at least 5,000 mm?®

14. A conductive element according to any preceding claim having a surface area
of no more than 5,000 mm?®, no more than 10,000 mm? or no more than 20,000

2
mm .

15. A conductive element according to any preceding claim, wherein the

conductive pad comprises a layer which is a solid block.

16. A conductive element according to any preceding claim, wherein the
conductive pad has a thickness of at least 1 um, at least 2 pm, at least 5 um or at

least 10 pm.

17. A conductive element according to any preceding claim, wherein the

conductive pad has a thickness no more than 5 pm or no more than 10 pm.

18. A conductive element according to any preceding claim, wherein the
conductive mesh has a thickness of at least 1 um, at least 2 pm, at least 5 pum or at

least 10 pm.

19. A conductive element according to any preceding claim, wherein the

conductive mesh has a thickness of no more than 5 um or no more than 10 pm.
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20. A conductive element according to any preceding claim, wherein the
conductive mesh comprises tracks having a width of at least 100 um, at least 200

um or at least 500 pm.

21. A conductive element according to any preceding claim, wherein the
conductive mesh comprises tracks having a width no more than 1 mm, no more

than 2 mm or no more than 5 mm.

22. A conductive element according to any preceding claim, wherein the
conductive mesh comprises tracks having a width of at least 1 mm, at least 2 mm or

at least 5 mm.

23. A conductive element according to any preceding claim, wherein the
conductive mesh includes open areas without the relatively high conductivity

material, each open area being least 20 mm?, at least 50 mm? or at least 100 mm?®.

24. A conductive element according to any preceding claim, wherein the mesh

comprises an array of tracks.

25. A conductive element according to any one of claims 1 to 24, wherein the

mesh comprises a rectangular array of tracks.

26. A conductive element according to any one of claims 1 to 24, wherein the

mesh comprises a circular array of tracks.

27. A conductive element according to claim 26, wherein the circular array

comprises at least one annular track.

28. A conductive element according to claim 27, wherein there are at least three
annular tracks, at least four annular tracks, at least five annular tracks, at least six
annular tracks, at least seven annular track, at least eight annular tracks, at least nine

annular tracks or at least ten annular tracks.
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29. A conductive element according to claim 27 or 28, wherein there no more
than ten annular tracks.
30. A conductive element according to claim 27 or 28, wherein at least two pairs

of annular tracks are equally spaced apart radially.

31. A conductive element according to any one of claims 27 to 30, wherein the

circular array comprises at least one radial track.

32. A conductive element according to claim 31, wherein there are at least three
radial tracks, at least four radial tracks, at least five radial tracks, at least six radial
tracks, at least seven radial track, at least eight radial tracks, at least nine radial

tracks or at least ten radial tracks.

33. A conductive element according to claim 31 or 32, wherein there no more

than ten radial tracks.

34. A conductive element according to any one of claims 31 to 33, wherein at

least two pairs of radial tracks are equally spaced apart angularly.

35, A conductive element comprising:
a set of elongate conductive tracks; and

a set of conductive members crossing said tracks.

36. A conductive element according to claim 35, wherein the tracks and/or
members has a sheet resistance of no more than 50 Qsq ', no more than 20 Qsq™ or

no more than 10 Qsq .

37. A conductive element according to claim 35 or 36, wherein the tracks and/or
members has a sheet resistance of no more than 5 Qsq ', no more than 2 Qsq ' or

no more than 1 Qsq".
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A conductive element according to any one of claims 35 to 37, wherein

and/or members comprise a conductive ink.

A conductive element according to any one of claims 35 to 38, wherein

and/or members comprise a metal-based conductive ink.

A conductive element according to any one of claims 35 to 39, wherein

and/or members comprise a silver-based conductive ink

A conductive element according to any one of claims 35 to 40, wherein

and/or members comprise a conductive foil.

A conductive element according to any one of claims 35 to 41, wherein

have a width of at least 100 pm, at least 200 pm or at least 500 pum.

A conductive element according to any one of claims 35 to 42, wherein

have a width of atleast 1 mm, at least 2 mm or at least 5mm.

A conductive element according to any one of claims 35 to 43, wherein

are spaced apart by at least 100 pum, at least 200 pm or at least 500 pum.

A conductive element according to any one of claims 35 to 44, wherein

are spaced apart at least 1 mm, at least 2 mm, or at least 5 mm.

A conductive element according to any one of claims 35 to 45, wherein

are spaced apart at least 10 mm or at least 20 mm.

A conductive element according to any one of claims 35 to 46, wherein

set of tracks comprise at least two tracks.

48.

A conductive element according to any one of claims 35 to 47, wherein

set of tracks comprise no more than 10 tracks.
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49. A conductive element according to any one of claims 35 to 48, wherein the

tracks have a length of at least 100 mm, at least 200 mm of at least 500 mm.

50. A conductive element according to any one of claims 35 to 49, wherein the

set of tracks are parallel.

51. A conductive element according to any one of claims 35 to 50, wherein the

members have a width of at least 100 pum, at least 200 um or at least 500 pm.

52. A conductive element according to any one of claims 35 to 51, wherein the
members have a width of at least 1 mm, at least 2 mm, at least 5 mm or at least 10

mim.

53. A conductive element according to any one of claims 35 to 52, wherein the

members are spaced apart by at least 100 pm, at least 200 pum or at least 500 pm.

54. A conductive element according to any one of claims 35 to 53, wherein the

members are spaced apart by at least 1 mm, at least 2 mm, or at least 5 mm.

55. A conductive element according to any one of claims 35 to 54, wherein the

members are spaced apart by at least 10 mm or at least 20 mm.

56. A conductive element according to any one of claims 35 to 55, wherein the

members cross perpendicularly to the set of tracks.

57. A conductive element according to any one of claims 35 to 56, wherein at

least some members each link said set of tracks.

58. A conductive element comprising:
a conductive pad comprising relatively low conductivity material and having
a reversed out image of a conductive mesh having relative narrow line width; and

a conductive mesh comprising relatively high conductivity material, alighed
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with the reversed out image, having a relatively wide line width and arranged to

form a composite conductive element.

59.  An article comprising:
a substrate; and
a plurality of conductive elements according to any preceding claim

supported on the substrate.

60.  An article according to claim 59, wherein the substrate comprises paper.
61.  An article according to claim59, wherein the substrate comprises card.
62.  An article according to 59, wherein the substrate comprises a polymer.
63. A device comprising:

a microcontroller; and
a set of at least one conductive element according to any one of claims 1 to

34 or 58 operationally connected to the microcontroller.

64. A device according to claim 63, wherein the set of at least one conductive
elements form a first set of conductive elements, and wherein the device further
comprises a second set of at least one conductive element according to any one of
claims 36to 57, wherein a path between a first one of the first set of conductive
elements and the microcontroller includes a first one of the second set of the

conductive elements.

65. A method comprising:
printing a conductive pad comprising relatively low conductivity material and
having a reversed out image of a conductive mesh;
printing a conductive mesh comprising relatively high conductivity material

aligned with the reversed out image over or under the conductive pad.
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