
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

38
7 

43
9

B
1

TEPZZ ¥874¥9B_T
(11) EP 2 387 439 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
01.11.2017 Bulletin 2017/44

(21) Application number: 09801193.5

(22) Date of filing: 09.12.2009

(51) Int Cl.:
G06F 3/041 (2006.01) A61N 1/04 (2006.01)

A61N 1/32 (2006.01) A61N 1/36 (2006.01)

G06F 1/16 (2006.01) G06F 3/01 (2006.01)

(86) International application number: 
PCT/EP2009/066775

(87) International publication number: 
WO 2010/066817 (17.06.2010 Gazette 2010/24)

(54) APPARATUS FOR PROVIDING NERVE STIMULATION

GERÄT ZUR BEREITSTELLUNG VON NERVENSTIMULIERUNG

APPAREIL POUR FOURNIR UNE STIMULATION NERVEUSE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR

(30) Priority: 11.12.2008 US 316465

(43) Date of publication of application: 
23.11.2011 Bulletin 2011/47

(73) Proprietor: Nokia Technologies Oy
02610 Espoo (FI)

(72) Inventors:  
• RADIVOJEVIC, Zoran

Cambridge Cambridgeshire CB3 0GL (GB)
• MARINELLI, Claudio

Cambridge Cambridgeshire CB3 0GL (GB)

• RYHANEN, Tapani
Cambridge Cambridgeshire CB4 1DT (GB)

• BEECHER, Paul
Cambridge Cambridgeshire CB1 1BB (GB)

• ANDREW, Piers
Cambridge Cambridgeshire CB1 3QD (GB)

(74) Representative: Higgin, Paul
Swindell & Pearson Limited 
48 Friar Gate
Derby DE1 1GY (GB)

(56) References cited:  
EP-A1- 2 000 885 US-A- 5 181 030
US-A- 5 869 791 US-A1- 2004 095 330
US-A1- 2007 257 821  



EP 2 387 439 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field

[0001] This specification relates to apparatuses for
providing electrical nerve stimulation and to related meth-
ods.

Background

[0002] Touch-screen displays are known in the field of
electrical consumer goods. US2004/095330 discloses
an electro-tactile panel (ETP). The ETP apparatus is
composed of three major parts: a controller, a panel, and
a holder. The panel consists of four layers made of trans-
parent material. The first layer is an insulating substrate,
the second layer is a conductive layer formed of a plurality
of horizontal electrodes on the first layer. The third layer
is an insulating layer having holes formed therein, which
corresponding to the electrodes on the second layer. The
fourth layer is a conductive layer formed of a plurality of
vertical electrodes on the third layer. The panel is at-
tached to the display panel by means of the holder ap-
paratus. The electro-tactile signal and cursor position is
processed by the controller when the skin touches the
panel so that some positions of the vertical electrodes
and horizontal electrodes are electrically connected
through the holes.

Summary

[0003] The present invention is defined in the inde-
pendent claims 1 and 14 with preferred embodiments
according to dependent claims.
[0004] Disclosed herein is an apparatus comprising an
optically transparent electrode configured to provide
transcutaneous electrical nerve stimulation to a user con-
tacting a portion of an exterior surface of said apparatus
proximal to said optically transparent electrode.
[0005] This specification also provides an apparatus
comprising a substrate, a two-dimensional array of elec-
trodes supported on said substrate, and a stimulation
circuit configured such as selectively to provide a nerve
stimulation potential to one or more of said electrodes.
[0006] This specification also provides a method com-
prising using an optically transparent electrode to provide
transcutaneous electrical nerve stimulation to a user con-
tacting a portion of an exterior surface of said apparatus
proximal to said optically transparent electrode.
[0007] This specification also provides a method of op-
erating a two-dimensional array of electrodes supported
on a substrate, comprising selectively providing a nerve
stimulation potential to one or more of said electrodes.
[0008] This specification also provides a method com-
prising providing a first substrate layer, forming a plurality
of depressed regions in said first substrate layer, forming
a first plurality of conducting tracks on said first substrate
layer, providing a second substrate layer in said de-

pressed regions, forming a second plurality of conducting
tracks on said second substrate layer, providing a third
substrate layer on said second substrate layer and on
said second plurality of conducting tracks.
[0009] This specification also provides a method com-
prising providing a mould with a plurality of protuberances
formed thereon, forming a first plurality of conducting
tracks on said mould, providing a first substrate layer on
regions of said mould between said protuberances, form-
ing a second plurality of conducting tracks on said first
substrate layer, providing a second substrate layer on
said first substrate layer and on said second plurality of
conducting tracks, removing said mould, providing a third
substrate layer in a volume vacated by said removed
mould.

Brief Description of the Drawings

[0010]

Figure 1A is a plan-view of an electronic device;
Figure 1B is a schematic cross-sectional view
through the electronic device of Figure 1A;
Figure 1C is a schematic cross-sectional view
through the electronic device of Figure 1A according
to alternative embodiments;
Figure 2 is a simplified schematic plan view of a com-
ponent of the electronic device of Figures 1;
Figure 3A is a magnified view of a region of the com-
ponent of Figure 2;
Figure 3B is a cross-sectional view through the re-
gion shown in Figure 3A;
Figure 3C is a cross-sectional view through the re-
gion shown in Figure 3A according to alternative em-
bodiments;
Figure 4A is a plan-view of first sub-layer of the region
of the component shown in Figure 3A;
Figure 4B is a plan-view of first and second sub-
layers of the region of the component shown in Fig-
ure 3A;
Figure 5 is a schematic plan view of a portion of the
component of Figure 2;
Figure 6 is a schematic of circuitry for controlling a
portion of the electrodes of Figure 2;
Figure 7 is a flow chart depicting a method of man-
ufacturing the component of Figure 2; and
Figure 8 is a flow chart depicting an alternative meth-
od of manufacturing the component of Figure 2.
Figure 9 is a schematic of a biomedical device.

Detailed Description of Embodiments

[0011] In the drawings, like reference numerals denote
like elements.
[0012] Figure 1A depicts a plan-view of an electronic
device 10, in this example a mobile phone. The mobile
phone 10 comprises a display 102, a speaker 104, a mi-
crophone 106, and a housing 108. The display 102 is a

1 2 



EP 2 387 439 B1

3

5

10

15

20

25

30

35

40

45

50

55

touch-sensitive display. In the Figure, the display 102 is
displaying a dialling user interface comprising a number
of selectable options, including numbers 110, a call func-
tion 112 and a cancel function 114. To select an option,
the user touches an outer surface 116 (see Figure 1B)
of the display 102 at a location corresponding to the de-
sired option.
[0013] Figure 1B depicts a schematic cross-sectional
view through the mobile phone 10, at the line denoted A
in Figure 1A. The housing 108 surrounds the side sur-
faces 118 and rear surface 120 of the display 102. The
inner surface 122 of the housing 108 and the rear surface
120 of the display 102 define an internal volume 124 of
the mobile phone 10. The internal volume 124 houses a
battery 126 and a processor 128. The battery 126 sup-
plies power to the processor 128 and the display 102.
The processor 128 is adapted to the control the operation
of the display 102.
[0014] The display 102 comprises a display panel 130
and a touch sensitive tactile feedback (TSTF) layer 132.
[0015] The display panel 130 comprises an LCD dis-
play panel, the operation and construction of which are
well known in the art. It should be understood, however,
that other types of display panel may be used instead.
[0016] The TSTF layer 132 overlies an upper surface
134 of the of the display panel 130. The TSTF 132 layer
is operable to detect tactile input by a finger of a user
touching an outer surface 116 of the TSTF layer 132.
The TSTF layer 132 is operable also to provide tactile
feedback to the finger of a user touching the outer surface
116 of the TSTF layer 132.
[0017] Figure 1C depicts a schematic cross-sectional
view through the mobile device 10 according to an alter-
native embodiment. In this embodiment, the TSTF layer
132 is provided on a surface of the device 10 opposite
to the surface on which the display panel 130 is located.
The TSTF layer is operable to detect tactile input by a
finger of a user touching an outer surface 116 (in Figure
1C, the lower surface) of the TSTF layer 132. The TSTF
layer 132 is operable also to provide tactile feedback to
the finger of a user touching the outer surface 116 of the
TSTF layer 132.
[0018] It will be understood that the TSTF layer 132
may be provided in or on any exterior surface of the mo-
bile device 10. For example, the TSTF layer may be lo-
cated on the side of a device to replace a tracker wheel.
Also, it will be understood that the mobile device 10 may
comprise more than one TSTF layer 132. For example,
one TSTF layer may be located above the display of the
device and another may be located on the rear of the
device 10.
[0019] A user of the device of Figure 1C may provide
touch inputs by touching an area of the TSTF layer 132
that corresponds to a selectable option displayed on a
region of the display panel 130.
[0020] Figure 2 depicts a simplified schematic plan
view of the TSTF layer 132. The TSTF layer 132 com-
prises a plurality of electrodes 136 arranged in a grid

array. Each of the electrodes 136 is individually operable
to detect a tactile input by a finger of a user touching an
outer surface 116 of the TSTF layer 132. Each of the
electrodes is individually operable also to provide tactile
feedback to the finger of a user touching the outer surface
116 of the TSTF layer 132.
[0021] The TSTF layer 132 is optically transparent. As
such, visible light can pass through the TSTF layer 132
with little or no diffusion. An image displayed by the dis-
play panel 130 underlying the TSTF layer 132 is clearly
visible to the user. It will be understood that, as the TSTF
layer 132 as a whole is optically transparent, its constit-
uent parts are also optically transparent. As such, the
electrodes 136 are optically transparent. It will be appre-
ciated that a TSTF layer 132 that is not located above
the display panel 130, such as in Figure 1C, may instead
be optically opaque or translucent.
[0022] Figure 3A shows the region of the TSTF layer
132 denoted B in Figure 2. Figure 3B is a cross-sectional
view of the region B of the TSTF layer 132, along the line
denoted C in Figure 3A. Each of the plurality of electrodes
136 is comprised of a first electrode element 138 and a
second electrode element 140. The first electrode ele-
ment 138 has a conducting region 142, surrounding a
vacant region 144. The conducting region 142 is annular.
The second electrode element 140 is located at the cen-
tre of the vacant region 144 of the first electrode element
138. The second electrode element 140 is square. The
first and second electrode elements 138, 140 have their
centres at approximately the same point.
[0023] Each of the first electrode elements 138 of each
of the electrodes 136 is connected to the first electrode
elements 138 of two adjacent electrodes 136 by first con-
necting elements 146. In this way, columns 148 of first
electrode elements 138 are connected in series. These
columns 148 of connected first electrode elements 138
extend across the entire length of the TSTF layer 132. It
will be understood that the first electrode elements 138
at either end of each column 148 are connected to just
one other first electrode element 138.
[0024] Each column 148 of first electrode elements 138
is connected at either end to a first power supply (not
shown). The first power supply is operable to provide a
potential to each of the columns of first electrode ele-
ments 138 individually. The first power supply provides
power derived from the battery 126. It will be understood
that, in a device that has an alternative power source,
the first power supply may provide power derived from
the alternative power source. An alternative power supply
may be, for example, a transformed mains electricity sup-
ply such as may be received at a charging input.
[0025] Each of the first electrode elements 138 and
each of the first connecting elements 146 are in a first
plane, as is clear from Figure 3B. In Figure 3A, the first
plane is parallel to the plane of the page, and in Figure
3B, the first plane is perpendicular to the plane of the
page.
[0026] Each of the second electrode elements 140 of
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each of the electrodes 136 is connected to the second
electrode elements 140 of two adjacent electrodes 136
by second connecting elements 150. In this way, rows
152 of second electrode elements 140 are connected in
series. These rows 152 of connected second electrode
elements 140 extend across the entire width of the TSTF
layer 132. It will be understood that the second electrode
elements 140 at either end of each row 148 are connect-
ed to just one other second electrode element 140.
[0027] Each of the second connecting elements 150
comprises a planar portion 154 and two intermediary por-
tions 156. The second electrode elements 140 are in a
different plane to the planar portions 154 of the second
connecting elements 150. The second electrode ele-
ments 140 are substantially in the first plane. This is the
plane in which the first electrode elements 138 lie. It will
be understood that the first and second elements may
alternatively not be in the same plane. The planar por-
tions 154 of the second connecting elements 150 are
located in a second plane that is substantially parallel to
the first plane. The second plane is further from the outer
surface 116 of the TSTF layer 132 than the first. As such,
the second connecting elements 150 pass beneath the
first electrode elements 138.
[0028] Each of the two intermediary portions 156 of
each of the second connecting elements 150 connects
the planar portion 154 of the second connecting element
with a second electrode element. The intermediary por-
tions 156 extend between the first plane and the second
plane.
[0029] Each column 148 of first electrode elements 138
is connected at either end to a first power supply (not
shown). Each row 152 of second electrode elements 140
is connected at either end to a second power supply (not
shown). The first power supply is operable to provide a
potential to each of the columns of first electrode ele-
ments 138 individually. The second power supply is op-
erable to provide a potential to each of the rows of second
electrode elements 140 individually. The first and second
power supplies provide power derived from the battery
126. It will be understood that, in a device that has an
alternative power source, the first and second power sup-
plies may provide power derived from the alternative
power source. An alternative power supply may be, for
example, a converted mains electricity supply.
[0030] The columns 148 of first electrode elements 138
and the rows 152 of second electrode elements 140 are
substantially perpendicular to one another. However,
they may instead be arranged non-perpendicularly.
[0031] The electrodes 136 are individually operable to
provide electro-stimulation to the nerves in the finger tips
of a user. It will be understood that the electrodes also
may be individually operable to provide electro stimula-
tion to any location on a user’s skin, for example, but not
limited to, the skin on or above the wrist.
[0032] The distance D2 between the electrodes 136
may be in the sub-millimetre to millimetre range. The dis-
tance D2 may for example in the range of 0.1mm to 5mm.

Advantageously, the distance D2 may be for example in
the range of 0.1mm to 1 mm. The distance D2 may be
for instance in the range of 0.1mm to 0.5mm. The density
of receptors in a finger tip is such that this spacing allows
a user to detect electro-stimuli from two separate elec-
trodes 136. At this spacing D2 between the electrodes
136, the radius D3 of the annular first electrode elements
138 may be in the region of, or slightly less than D2/4,
for instance 100mm, and the width D4 of the second elec-
trode element may be in the region of, or slightly less
than D2/8, for instance 50mm.
[0033] The TSTF layer 132 is comprises three sub-
layers: a first sub-layer 158, a second sub-layer 160, and
a third sub-layer 162.
[0034] The first sub-layer 158 comprises a base portion
164 having a uniform thickness. The bottom surface 166
of the base portion 164 constitutes, or forms, the bottom
surface 166 of the TSTF layer 132. Extending from an
upper surface 168 of the base portion 164 is a plurality
of ridges 168 having a substantially trapezoidal profile.
It will be understood that the plurality of ridges 168 instead
may have another profile shape, for example, but not
limited to, hemispherical. It will be appreciated that as
long as the rows 152 of second electrode elements 140
can be provided on the upper surface of the ridges 168,
the exact shape of the ridges 168 may not be important.
[0035] Instead of the second electrode elements 140
being provided on ridges 168 in the first sub-layer 158,
the second electrode elements may be provided on non-
elongate protuberances. For example, the protuberanc-
es may be three-dimensional trapezoids, or truncated
square-based pyramids, extending from the base portion
164 of the first sub-layer 158. Consequently, in this em-
bodiment, the first sub-layer 158 may comprise a flat base
portion 164 having a two-dimensional array of protuber-
ances for receiving the second electrode elements 140.
The second sub-layer 160 may be provided on the re-
gions of the base portion 164 surrounding the two-dimen-
sional array of protuberances. The second sub-layer 160
may extend to the approximately the height of the protu-
berances. The protuberances may be periodically or ape-
riodically spaced.
[0036] The ridges 168 are equidistant from one anoth-
er. It will be understood, however, that the spacing be-
tween the ridges 168 may instead not be uniform, but
may vary. For example, the ridges 168 may be provided
such that the first sub-layer 158 comprises a plurality of
periodically or aperiodically spaced groups of ridges 168.
In this way, the groups of periodically or aperiodically
spaced electrodes 136 may be provided. The ridges 168
extend across the entire length of the first sub-layer 158.
[0037] The rows 152 of second electrode elements 140
are provided on an upper surface of the first sub-layer
158. The rows 152 of the second electrode elements 140
are perpendicular to the longitudinal axes of the ridges
168. The planar portions 154 of the second connecting
elements 150 are located on the upper surface 168 of
the base portion 164 in the regions between the ridges

5 6 



EP 2 387 439 B1

5

5

10

15

20

25

30

35

40

45

50

55

168. The intermediary portions 156 are located on the
inclined sides 170 of the ridges 168. The second elec-
trode elements 140 are located on the upper surfaces
172 of the ridges 168. Figure 4A depicts a plan-view of
the first sub-layer 158 with the rows 152 of connected
second electrode elements 140 situated thereon. The
rows 152 of second electrode elements 140 are equidis-
tant from one another. It will be understood, however,
that the spacing between the rows 152 may instead not
be uniform, but may vary. For example, the rows 152
may be provided in pluralities of periodically or aperiod-
ically spaced groups of rows 168. In this way, the groups
of periodically or aperiodically spaced electrodes 136
may be provided.
[0038] The second sub-layer 160 is provided in the re-
gions between the ridges 168 of the first sub-layer 158.
The second sub-layer 160 extends from the base portion
164 of the first sub-layer 158 to approximately the height
of the tops 172 of the ridges 168 of the first sub-layer
158. Consequently, the second sub-layer 160 comprises
separate distinct regions 160a, 160b, 160c, 160d, be-
tween the ridges 168. The separate regions 160a, 160b,
160c, 160d of the second sub-layer 160 have a substan-
tially trapezoidal profile, as can be seen in Figure 3B. It
will be understood that the plurality of ridges 168 instead
may have another profile shape, for example, but not
limited to, hemispherical. Figure 4B shows a plan-view
of the first and second sub-layers 158, 160 and the sec-
ond electrode elements 140 located thereon.
[0039] The columns 148 of first electrode elements 138
(not shown in Figure 4B) are provided on the upper sur-
face 172 of the second sub-layer 160 in a direction per-
pendicular to the rows 152 of connected second elec-
trode elements 140. It will be appreciated, however, that
the rows 152 and columns 148 instead may not be per-
pendicular to one another, but may be provided at a dif-
ferent angle to one another.
[0040] The third sub-layer 162 is provided atop the sec-
ond sub-layer 160 having the columns 148 of connected
first electrode elements 138 provided thereon. The third
sub-layer 162 has a flat upper surface, which constitutes
the outer surface 116 of the TSTF layer 132.
[0041] The columns 148 of connected first electrode
elements 138 comprise an electrically conducting mate-
rial. The rows 152 of connected second electrode ele-
ments 140 comprise an electrically conducting material.
The columns 148 of connected first electrode elements
138 and the rows 152 of connected second electrode
elements 140 comprise an optically transparent material.
Suitable materials include, but are not limited to, carbon
nanotube networks (CNTNs), an indium-titanium-oxide
(ITO) film, wide bandgap oxides, for example zinc oxide,
provided in thin transparent layers, and thin layers of gold
or silver. It will be appreciated that on a microscopic scale
these materials may not be optically transparent. How-
ever, on the macroscopic scale of interest, these mate-
rials are sufficiently transparent to enable the user to see
clearly images displayed on the display panel 130

through the TSTF layer 132. The thickness D1 (see figure
3B) of the connected first and second electrode elements
136, 140 may be in the range of nanometres to microns
For instance, the thickness D1 may be in the range 20
nm to 100 nm. It will be understood that other values of
D1 may instead be suitable.
[0042] The three sub-layers, 158, 160, 162 of the TSTF
layer 132 are optically transparent. The first and second
sub-layers 158, 160 comprise electrically insulating, di-
electric materials. Suitable materials for the first and sec-
ond sub-layers 158, 160 include, but are not limited to,
silicone, polyimide, poly(metyl methacrylate) (acrylic
glass), polystyrene, polycarbonate, polyethylene naph-
thalate, or polyethylene terephthalate.
[0043] The materials of the sub-layers may be chosen
such as to provide effective refractive index (RI) matching
between the TSTF layer 132 and the display panel 130.
The materials of the sub-layers may be chosen also such
as to provide effective refractive index (RI) matching be-
tween the sub-layers themselves. This can optimise the
transmission of light through the TSTF layer 132. It may
be beneficial, to utilise the same material for different
sub-layers where possible. Suitable materials tend to
have refractive indexes of approximately 1.5 so as to
match the RI of the optical glass commonly used in dis-
play panels (the RI of silicone is between 1.38 and 1.6,
the RI of PMMA = 1.59).
[0044] The third sub-layer 162 is electrically insulating.
This ensures electrical isolation of the electrodes from
the user’s fingers. In this way, the effect on the operation
of the device due to a user having wet or dirty fingers
may be reduced. The third sub-layer 162 has properties
that protect the electrodes 136 from the outside environ-
ment. These properties may include, but are not limited
to any one or more of , being hydrophobic (no or little
affinity to water), being self-cleaning, being scratch re-
sistant, and being oil/grease repellent (oleophobic). A
self-assembled monolayer coating may be deposited on
the outer surface 116 of the third sub-layer 162. The third
sub-layer 162 may exhibit both hydrophobicity and/or ole-
ophobicity. This establishes and maintains a dryness of
the contact between the finger tip and the outer surface
116. Alternatively or additionally, the outer surface 116
may be microscopically or nanoscopically rough. This
reduces the contact area for contaminants or alien matter
on the outer surface 116. Alternatively, the third sub-layer
162 may be made capable of performing photocatalytic
and hydrophilic processes. This may be achieved in any
suitable way. The third sub-layer 162 may be comprised
of, for example, silicone, polyimide, poly(metyl methacr-
ylate) (acrylic glass), polystyrene, polycarbonate, poly-
ethylene naphthalate, or polyethylene terephthalate.
[0045] The overall thickness D5 of the TSTF layer 132
may be in the range of microns to millimetres. For in-
stance, the overall thickness D5 of the TSTF layer 132
may be in the range of 50 mm to 300 mm. The combined
thickness D6 of the first and second sub-layers 158, 160
may be slightly less than the thickness D5. It will be un-
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derstood, however, that D6 must necessarily be less than
D5. The third sub-layer 162 may have a thickness D7 in
the sub-micron to microns range. The thickness D7 of
the third sub-layer 162 is limited by the requirement for
efficient capacitive coupling to the user’s skin. The value
of D7 may be in the range of 500nm to 2mm. It will be
understood that other thicknesses may also be suitable
whilst providing the desired effects of optical transparen-
cy for the TSTF layer, the ability to detect touch inputs
and the ability to provide tactile feedback to the user.
[0046] By enclosing the electrodes 136 between the
first and third sub-layers 158, 162, the electrodes may
protected from corrosion, abrasion, erosion and the like.
Consequently, the TSTF layer 132 is relatively durable.
[0047] Figure 3C is a cross-sectional view through the
region shown in Figure 3A according to alternative em-
bodiments. In Figure 3C, the TSTF layer additionally
comprises guard electrodes 173. Other components of
the Figure are the same as that shown in Figure 3B, al-
though reference numerals are omitted. Guard elec-
trodes 173 may enhance the performance of the input
detection functionality of the TSTF layer 132 by counter-
acting parasitic capacitive coupling between the first and
second connecting elements.
[0048] The guard, or grounding, electrodes 173 are lo-
cated between the first plane, in which the first and sec-
ond electrode elements 148, 140 are substantially locat-
ed, and the plane in which the second connecting ele-
ments 150 lie. In these embodiments, the second sub-
layer 160 may be provided in two sections. The first sec-
tion may extend from the first sub-layer 158 to approxi-
mately half the height of the ridges 168 or protuberances.
The guard electrodes 173 may be provided atop the first
section of the second sub layer 160. The second section
of the second sub-layer 160 may be provided atop the
guard electrodes 173. The guard electrodes 173 are elec-
trically isolated from the columns and rows of first and
second electrodes elements by the second sub layer 160.
The guard electrodes 173 are located in regions of the
TSTF layer 132 between the plurality of ridges 168. The
guard electrodes 173 may be grounded.
[0049] In embodiments comprising plural protuberanc-
es instead of ridges 168, the guard electrodes 173 are
located in the regions of the TSTF layer 132 between the
protuberances. In these embodiments, the guard elec-
trodes 173 may be formed of a single layer of conducting
material provided across the entire area of the TSTF layer
132, but having empty regions surrounding the protuber-
ances. The empty regions may be shaped according to
the shape of the protuberances. The guard electrodes
173 may be grounded.
[0050] According to alternative embodiments, the
guard electrode may be sub-divided. In these embodi-
ments the guard electrodes may be provided with a offset
potential that may be dynamically controlled.
[0051] The TSTF layer 132 is operable to detect touch
inputs as a result of capacitive coupling between the elec-
trodes 136 and the finger tip of a user. Referring again

to Figure 3B, it can be seen that the first electrode ele-
ments 138 are separated from their respective second
electrode elements 140 by a region of dielectric material.
It will be understood that, when a potential difference is
applied across the first and second electrode elements
138, 140, an effective capacitor, having a detectable ca-
pacitance, is formed. When a finger tip is applied to the
outer surface 116 of the TSTF layer 132, the finger tip is
separated from the first and second electrode elements
138, 140 by a region of dielectric material (the third sub-
layer 162). Consequently, because the finger tip has a
potential that is different to at least one of the electrode
elements 138, 140 a capacitor is formed between the at
least one electrode elements 138, 140 and the finger tip.
It will be understood that the finger tip may capacitively
couple with plural electrodes simultaneously. The capac-
itance between the electrode 136 and the finger tip results
in a change to the value of the capacitance between the
first and second electrode elements 138, 140 and thus
the corresponding row 152 and column 148. One or more
transistor circuits (not shown) are switchably connected
with each row and with each column. These circuits are
operable to detect capacitance changes experienced at
particular row and column combinations. The transistor
circuits (not shown) are connected to the processor 128,
which is configured to perform calculations based on out-
puts of the transistor circuits so as to determine the row
and column combinations that experience contact by a
finger tip.
[0052] It will be understood that, alternatively, systems
not including transistors may be used to detect capaci-
tance changes at one or more of the electrodes.
[0053] In this way the processor 128 is operable to
identify at least one electrode 136 experiencing a change
in capacitance. In this way, the processor is operable to
detect a touch input incident on the surface of the TSTF
layer 132, and to determine its location, based at least
partially on the location of the electrode or electrodes
experiencing an altered capacitance.
[0054] The touch sensitive functionality of the TSTF
layer 132 may also allow the device to provide finger print
scanning functionality. Finger tips are comprised of
unique patterns of ridges and depressions. Consequent-
ly, when a finger tip is in contact with the outer surface
116 of the TSTF layer 132, it is only the ridges of the
finger tip that are in contact with the surface 116, whereas
the depressions are separated by a small distance. The
electrodes 136 that are under a ridge of the finger tip will
experience a different change in capacitance to those
under a depression. Therefore, provided that the sepa-
ration of the electrodes 136 in the TSTF layer 132 is less
than the distance between ridges in the finger tip, which
may be approximately 0.5mm, the TSTF layer 132 allows
detection of the finger print of a user. Electrode separa-
tion D2 of approximately 150mm is suitable to enable the
device to perform finger print scanning. It will be appre-
ciated that the provision of finger print scanning function-
ality in a device, such as a mobile phone, can allow greatly
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enhanced security capabilities. These security capabili-
ties may include features such as fingerprint locking and
unlocking of the mobile device, fingerprint locking or un-
locking of private documents stored on the device. The
security capabilities may also include features such as
secure icon applications, which may be graphical images
displayed on the display panel and representing selecta-
ble options which can be selected/executed only subse-
quent to an input by a recognised and/or authorised fin-
gerprint. Also, the incorporation of fingerprint scanning
functionality into the mobile device via the TSTF layer
132, removes the need for an additional fingerprint scan-
ner to be provided. This reduces the overall cost and bill
of materials associated with manufacturing a mobile de-
vice that includes a finger print scanning functionality.
[0055] The TSTF layer 132 is also operable to provide
tactile feedback to a user of the mobile phone 10. Tactile
feedback is provided to a user by utilising the capacitive
coupling between an electrode 136 and the finger tip. As
discussed above in relation to the detection of touch in-
puts, when a finger tip is applied to the outer surface 116
of the TSTF layer 132, the finger tip capacitively couples
with an electrode/electrodes underlying the finger tip. The
capacitive coupling results in an electrical charge being
induced in nerve endings in the finger tip of the user. The
charge induced in the nerve endings is dependent on the
potential difference between the first and second elec-
trodes 138, 140. The charge induced in the nerve end-
ings, if sufficiently large, can provide a tactile sensation
to the user. A potential difference suitable for providing
a charge of sufficient magnitude in the nerve endings of
a user is about, or slightly less than, 10 V. This is known
as transcutaneous electrical nerve stimulation (TENS).
Transcutaneous, or transdermal, stimulation occurs by
way of, or through, the skin. A user may calibrate the
intensity of tactile stimulation by increasing or decreasing
the stimulating potential difference until an optimal tactile
stimulation is perceived. This may be achieved by a cal-
ibration function which may for instance be accessed
through a menu system of the mobile device.
[0056] This nerve stimulation may be utilized in a
number of different ways. It may be used to provide feed-
back to a user. Following detection of a touch input via
the TSTF layer 132, the TSTF layer 132 is controlled by
the processor 128 to activate the electrodes 136 at which
the touch input was received to provide stimulation of the
nerves in the finger tip of the user. Consequently, the
user becomes aware that the touch input has been reg-
istered by the device 10.
[0057] The tactile feedback provided by the TSTF layer
132 is highly localised in the sense that only the relevant
electrodes 132 are controlled to provide tactile stimula-
tion. This results in reduced power expenditure when
compared to mechanisms that cannot provide localised
tactile feedback. Also, the TSTF layer 132 may be more
energy efficient when compared to devices that use pi-
ezoelectric or electromagnetic actuators to provide mon-
olithic mechanical vibration of the device. Moreover, de-

vices that utilise mechanical vibration of the device to
provide tactile feedback require two separate systems to
detect touch input and to provide tactile feedback to the
user. The TSTF layer 132 is able to provide both of these
functionalities through the same hardware. Consequent-
ly, the bill of materials can be reduced.
[0058] Tactile stimulation can also be used to convey
tactile information to the user in accordance with images
displayed on the display panel 130. For example, if a
selectable option, for example a soft key, is displayed on
the display panel 130, electrodes 136 in the TSTF layer
132 corresponding to the location of the selectable option
on the display panel 130 may be activated. In this way,
when the user’s finger comes into contact with an area
of the surface of the TSTF layer 132 that corresponds to
the selectable option, the nerve receptors in the finger
tip will be stimulated by the activated electrode 136,
thereby indicating to the user that their finger tip is in a
position corresponding to the selectable option. Other
areas are not energised, so a finger tip in another area
would not be stimulated.
[0059] A selectable option may be displayed on the
display panel 130 as a region of a particular colour, bright-
ness or pattern bounded by a region of a different colour,
brightness or pattern. Alternatively, in the case of a link
in an internet browser, for example, there may be a dif-
ferent type of visible definition between the option and
the surrounding region. A link may be represented on a
display as, for example, a word, a phrase, a sentence,
or a URL. The text of the link may be in a particular colour,
with the background being in a different colour. Alterna-
tively or in addition the text of the link may be underlined.
It will be understood that, if a touch input is applied to the
TSTF layer 132 in a region corresponding to the text, the
link will be selected. However, there may also be a small
region of the background region surrounding the link that,
if selected by touch input, also causes the link to be fol-
lowed. In any case, whether the boundary between a
selectable option is clearly visible to the user or not, the
processor that controls the display panel 130 and the
TSTF layer 132 still defines a boundary, the region inside
which corresponds to a selectable option, and the region
outside of which does not.
[0060] The electrodes 136 of the TSTF layer 132 that
correspond to the region of display panel 130 that is within
the boundary of the selectable option may be activated
to indicate to the user that their finger is in contact with
a region of the TSTF layer that corresponds to a selecta-
ble option on the display screen. In this way, the boundary
determines which electrodes 136 of the TSTF layer 132
are to be activated. It will be understood that more than
one selectable option may be displayed on the display
panel 130 simultaneously. In this case, plural boundaries
define plural regions of activated electrodes 136.
[0061] The object displayed on the display panel may
not represent a selectable option. Instead, it may repre-
sent another object. For example the object may be an
icon, a sprite, or such like. The tactile feedback in this
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case may indicate to a user that they have located the
object, for instance so that they know that they can drag
the object to a different location on the display.
[0062] The above functionality may also be implement-
ed in dynamic situations, for example, where a moving
image is displayed on the display panel 130. For exam-
ple, if a moving image of a ripple is being displayed by
the display panel 130, the electrodes which, at any given
moment, correspond to the locations of the peaks of the
capillary waves of the ripple may be activated to provide
stimulation of the finger tip receptors. Consequently, the
receptors in a user’s fingertip are stimulated as the peaks
of the capillary waves of the ripple appear to ’pass under’
the fingertip, thereby providing a "haptic illusion". In order
to maximise energy efficiency, only those electrodes
which correspond to the locations of the peaks of the
capillary waves of the ripple and which are detected as
being under a user’s fingertip may be activated.
[0063] In dynamic situations, a boundary is also de-
fined. The boundary may not define a selectable region,
but may instead define an object, for example the capil-
lary wave discussed above. In the case of the capillary
wave, two boundaries, an inner boundary and an outer
boundary, may define the region of activation. When the
object moves around the display panel 130, the boundary
or boundaries also move. In this way, the locations at
which the electrodes are activated changes as the
boundary or boundaries move.
[0064] It will be understood that the level of activation
of the electrodes 136 defined by the boundary or bound-
aries may not be uniform. For example, the electrodes
corresponding to the peak of the capillary wave may have
a higher level of activation, whereas those electrodes
closer to the boundaries may have a lower level of acti-
vation. In any case, it will be understood the electrodes
136 outside the activated region defined by the boundary
or boundaries are not activated, whereas those elec-
trodes inside the region defined by the boundary or
boundaries are activated.
[0065] TENS can be used to induce any tactile effect
required, for example friction, roughness, steps in profile
etc. The tactile stimulation pattern may thus be optimised
to convey to the user an overall illusion of touching a
physical key or button with features that are in relief with
respect to the remaining surface. For example, a button
in relief may be simulated using the TSTF layer by acti-
vating the electrodes to simulate two distinct regions of
increased surface roughness, surrounding a region of
less surface roughness. When a finger is moved across
these regions the effect experienced may be similar to
that of a finger being moved over a button in relief.
[0066] The electrodes 136 that correspond to a se-
lectable option (or a moving image on the display panel
130) may not always be the electrodes that are immedi-
ately above the pixels on the display panel 130 that depict
the selectable option. Instead, the electrodes may be
slightly offset from the image of the selectable option.
This compensates for the fact that the user may not be

viewing the display 102 from directly above, but may be
viewing instead from an angle less than 90 degrees from
the plane of the display 102. The processor 128 may be
operable to compensate for this offset by activating the
electrodes in the area of the TSTF layer 132 that the user
perceives to be directly above the image of the selectable
option and not those electrodes which are actually direct-
ly above. It will be understood that there may be signifi-
cant overlap between the area the user perceives to be
directly above the image of the selectable option, and
the area that is actually above the selectable option.
[0067] Highly pixelated tactile stimuli, such as that pro-
vided by the TSTF layer 132, can be used to provide a
broad set of meaningful information for helping a user’s
finger to navigate the display 102. This results in im-
proved user-device interaction and improved user satis-
faction. Information can be conveyed to a user, via the
TSTF layer 132, in a number of ways. For example, an
electro-tactile stimulation language may be provided. For
instance, combinations of short and long periods of stim-
ulations may each have different, pre-determined mean-
ings, for instance individual characters.
[0068] Alternatively, the electro-tactile stimulation lan-
guage may utilise one or more of various parameters
available to it to convey other messages to a user. These
parameters may include, but are not limited to, stimula-
tion frequency, pulse structure, pulse train pattern, signal
modulation amplitude and signal intensity.
[0069] Different types of selectable option being dis-
played on the display panel may have different electrode
activation patterns associated with them. For example,
the electrodes 136 corresponding to a "DELETE" or a
"RESET FACTORY SETTINGS" option, which when ex-
ecuted may cause an irreversible action to be performed,
may have an associated activation pattern that is de-
signed to alert the user of the serious consequences of
the option. Such a pattern may include, for example, brief
periods of particularly intense activation periodically sep-
arated by brief periods of no activation. Less potentially
serious options, for example, links on a web page, may
have a less intense and continuous electrode activation
pattern associated with them.
[0070] Some suitable activation patterns will now be
discussed. A first pattern may comprise alternate activa-
tion of a certain intensity and zero activation or substantial
equal duration, similar to a square wave. Variations of
the first pattern include different frequencies of the
square wave. A second pattern may comprise alternate
activation of a certain intensity and zero activation of dis-
similar duration, similar to a square wave with a non-unity
mark-to-space ratio. Variations of the second pattern in-
clude different frequencies and/or different mark-to-
space ratios. A third pattern may include gradated tran-
sitions between full activation and zero activation. The
gradated transitions may be ramping up and/or ramping
down. The gradated transitions may involve curved ram-
ping profiles, such as sine wave profiles. Variations of
the second pattern include different frequencies and/or

13 14 



EP 2 387 439 B1

9

5

10

15

20

25

30

35

40

45

50

55

different gradients and/or different ramping profiles on
leading and falling edges.
[0071] Instead of the electrode activation pattern being
associated with the potential severity of a selectable op-
tion, the same activation pattern may be associated with
the same type of option, regardless of the consequence
of selecting it. For example, a "YES" option may have
the same associated electrode activation pattern, regard-
less of whether its selection will result in the phone mem-
ory being deleted or it will cause a call to be commenced.
In this way, over time, a user may learn to associate a
particular activation pattern with a particular option.
[0072] The operability of the TSTF layer 132 to provide
localised tactile feedback to a user will now be described
with reference to Figure 5. Figure 5 depicts a schematic
of a portion of the TSTF layer 132 comprising a 10 3 6
array of electrodes 136. The array of electrodes compris-
es six rows 152 of connected second electrode elements
140 and ten columns 148 of connected first electrode
elements 138. In the Figure, each of the columns has
been allocated an x-coordinate, the left hand (first) col-
umn being x = 1 and the right hand (tenth) column being
x = 10. Each row has been allocated a y-coordinate, the
lowermost (first) row in Figure 5 being y=1 and the up-
permost (sixth) row being y=6. In this way it is possible
to identify each of the electrodes 136 based on the row
and column of their constituent first and second electrode
elements 138, 140. An electrode 136 having its first elec-
trode element 138 in column x=7 and its second electrode
element 140 in row y=3 may be identified as electrode
(7, 3). In general, an electrode at any point in the array
may be identified as electrode (x, y).
[0073] In order to activate a particular one of the elec-
trodes 136, for example electrode (x=i, y=j), a potential
of -V (relative to an intermediate potential within the de-
vice 10) is applied across the connected first electrode
elements 138 in column x=i, and a potential +V (relative
to an intermediate potential within the device 10) is ap-
plied across the connected second electrode elements
140 in row y=j. Consequently, the potential difference
between the first and second electrode elements 138,
140 that constitute electrode (x=i, y=j) is 23V. Each of
the electrodes (x=i, y≠j), having a first electrode element
138 in column x=i and second electrode element in row
y≠j, have a potential difference between their first and
second electrode elements 138, 140 of +V. Each of the
electrodes (x≠i, y=j), having a first electrode element 138
in column x≠i and second electrode element 140 in row
y=j, have a potential difference between their first and
second electrode elements 138, 140 of -V.
[0074] A potential difference of 23V provides an elec-
trical stimulation to user’s finger tip that is above the
threshold, Vth, for nervous stimulation. A potential differ-
ence of +/- V, however, provides an electrical stimulus
that is beneath the threshold. The activated electrode
(x=i, y=j), therefore, causes stimulation of the receptors
in the user’s finger, while all un-activated electrodes do
not. Vth may be in the range of 1-10 volts. The magnitude

V of the potential supplied to each electrode element may
be adjustable by a user of the device. In this way, the
user can adjust the potential difference between elec-
trode elements of an activated electrode in accordance
with their individual threshold for nervous stimulation Vth.
[0075] It will be understood that, using the above meth-
od, any number of electrodes 136 can be activated at
any one time.
[0076] Usually, in order to be able to individually acti-
vate the electrodes in an N3N array, each electrode
would require a connection to a power supply. Thus, N2

sets of connections would be required. By using the
above method to individually activate the electrodes,
however, only 2N sets of connections are required. If we
consider a display having a square visible surface of side
length 10cm, and having a TSTF layer 132 with electrode
spacing of 0.5mm, then N=200. Therefore, N2=40000,
and 2N=400. Consequently, by utilising a system in ac-
cordance with the above embodiments, 100 times fewer
(i.e. 1/100th the number of) sets of connections are re-
quired. This results in circuitry of a substantially simpler
nature.
[0077] It will be understood that the electrodes 136 al-
ternatively may be completely electrically independent
from one another. Electrodes arranged thus may be in-
dividually activated using an active matrix addressing
technique. In these embodiments, each electrode is pro-
vided with dedicated first and second connectors, instead
of sharing connectors with other electrodes. Such em-
bodiments have, for a given number of electrodes, an
increased number of connectors.
[0078] The above method for activating a particular
electrode is described with reference to DC potentials.
However, it may be advantageous to use instead an AC
potential.
[0079] The electrode addressing method described
above also works in an AC case, but the AC case enables
the modulation of the peak intensity experienced at the
activated electrode by altering the relative phase of the
waveforms applied to the row or rows 152 and column
or columns 148 of the activated electrode or electrodes.
Furthermore, tactile sensitivity in nerve receptors is a
function of the frequency of the applied stimulus. Thus,
the frequency response of the system can be tuned to
generate the optimal tactile sensation. The optimum fre-
quency may be in the range of 100-300 Hz. The frequen-
cy may instead be in the range 100 to 500 Hz. Suitable
frequencies may be in the range 10 Hz to 3 kHz. The
frequency may be user-definable. In this way, the fre-
quency can be optimised in accordance with the tactile
sensitivity of the user.
[0080] Figure 6 is schematic of circuitry for operating
a portion of the TSTF layer 132. Figure 6 shows a portion
of the TSTF layer comprising a 434 array of electrodes
136, although it will be appreciated that this is merely
exemplary.
[0081] Each column 148 of connected first electrode
elements 138 is in connection with a respective detection
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sub-circuit 180 and with a respective stimulation sub-cir-
cuit 182. Each row 152 of connected second electrode
elements 140 is in connection with a respective detection
sub-circuit 180 and with a respective stimulation sub-cir-
cuit 182.
[0082] Each detection sub-circuit 180 relating to a col-
umn 148 of first electrode elements 138 is in connection
with a first detection MUX 188. Each of the detection sub-
circuits 180 relating to a row 152 of second electrode
elements 140 is in connection with a second detection
MUX 190.
[0083] Each stimulation sub-circuit 182 relating to a
column 148 of first electrode elements 138 is in connec-
tion with a first stimulation MUX 192. Each of the stimu-
lation sub-circuits 182 relating to a row 152 of second
electrode elements 140 is in connection with a second
stimulation MUX 194.
[0084] The first and second detection MUXes 188, 190
and the first and second stimulation MUXes 192, 194 are
connected to the processor. The processor controls the
stimulation MUXes and, indirectly, the stimulation cir-
cuits, such as to provide stimulation potentials at desired
electrodes at desired times. The processor controls the
detection MUXes so as to determine which electrodes
are proximal to a user’s finger tip.
[0085] Figure 7 is a flow chart depicting a method of
manufacturing the exemplary embodiment of the TSTF
layer 132 described with reference to Figures 1 to 5.
[0086] In step S1, a blank for forming the first sub-layer
158 is provided. The blank comprises a pre-fabricated
sheet of material having a main surface of a size sub-
stantially corresponding to a size of the display panel 130
with which the TSTF layer 132 is to be utilized. The thick-
ness of the blank (i.e. the distance from the lower surface
of the first sub-layer 158 to the upper surfaces 172 of
plurality of ridges 168 in the finished sub-layer) may be
in the micron to millimetre range. The blank may be com-
prise, for example, a transparent polymer such as sili-
cone, polyimide, poly(methyl methacrylate) (acrylic
glass), polystyrene, polycarbonate, polyethylene naph-
thalate, or polyethylene terephthalate.
[0087] In step S2, the ridges 168 are formed in the
blank to create the first sub-layer 158. The ridges are
provided by creating depressed regions in the surface of
the blank. The depressed regions are provided at regular
intervals across the surface of the blank. Each of the
depressed regions extends across an entire length of the
surface of the blank. The ridges 168 are the regions of
the blank between the newly created depressed regions.
[0088] The depressed regions may be created by ther-
moplastic nanoimprint lithography (hot-embossing), pho-
to nanoimprint lithography, electrochemical nanoimprint-
ing, or any other suitable method of nanoimprinting.
[0089] In step S3, the rows 152 of connected second
electrode elements 140 are provided on the upper sur-
face of the first sub-layer 158. The rows 152 of connected
second electrode elements 140 are provided at regular
intervals across the upper surface of the first sub-layer

158. The rows 152 of connected second electrode ele-
ments 140 extend across an entire length of the upper
surface of the first sub-layer 158. The longitudinal lengths
of the rows 152 of connected second electrode elements
140 are substantially perpendicular to the longitudinal
lengths of the ridges 168. Instead they may be non-per-
pendicular.
[0090] The rows 152 of connected second electrode
elements 140 may be provided on the surface by CVD
(chemical vapour deposition) in combination with an ap-
propriately shaped mask. Alternatively, any other suita-
ble technique may be used. Suitable techniques include,
but are not limited to, physical vapour deposition (PVD),
sputtering, spray-coating, evaporation, aerosol deposi-
tion via a shadow mask, other types of solution-phase
deposition process, such as spin coating of a liquid na-
nocomposite or solution followed by lithographic or di-
rect-write patterning, or doctor-blading.
[0091] In step S4, the second sub-layer 160 is provided
on the upper surface of the first sub-layer 158 in the de-
pressed regions between the between the ridges 168.
The second sub-layer 160 extends to a height substan-
tially level with the upper surfaces 172 of the ridges 168.
The second sub-layer 160 encloses the second connect-
ing elements 150 that connect the adjacent second elec-
trode elements 140. Techniques that may be suitable for
providing the second sub-layer 160 include, but are not
limited to, PVD deposition, CVD deposition, sputtering,
spraying, evaporation, a solution-phase deposition proc-
ess, such as spin coating or doctor-blading, and hot lam-
ination. The second sub-layer may comprise, for exam-
ple, transparent silicone or of another appropriate mate-
rial, such as poly(methyl methacrylate), polyimide, poly-
styrene, polycarbonate, polyethylene naphthalate, or
polyethylene terephthalate.
[0092] In step S5, the columns 148 of connected first
electrode elements 138 are provided on the upper sur-
face of the second sub-layer 160. These are substantially
perpendicular to the rows 152 of second electrode ele-
ments 140. Instead they may be non-perpendicular.
[0093] The columns 148 of connected first electrode
elements 138 comprise an optically transparent material.
Suitable materials include, but are not limited to, carbon
nanotube networks (CNTNs), an indium-titanium-oxide
(ITO) film, wide bandgap oxides, for example zinc oxide,
provided in thin transparent layers, and thin layers of gold
or silver.
[0094] The columns 148 of connected first electrode
elements 138 may be provided using the same technique
as that utilised to provide the rows 152 of second elec-
trode elements 140.
[0095] In step S6, the third sub-layer 162 is provided.
The third sub-layer encloses the electrode elements 138,
140 and the upper surface of the second sub-layer 160.
The third sub-layer 162 comprise of silicone or of another
appropriate material, such as poly(methyl methacrylate),
polyimide, polystyrene, polycarbonate, polyethylene
naphthalate, or polyethylene terephthalate. Techniques
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that may be suitable for providing the third sub-layer 162
include, but are not limited to, PVD deposition, CVD dep-
osition, sputtering, spraying, evaporation, a solution-
phase deposition process, such as spin coating or doctor-
blading, and hot lamination.
[0096] Figure 8 depicts an alternative method of man-
ufacturing the exemplary embodiment of the TSTF layer
132 described with reference to Figures 1 to 5. The meth-
od is similar to that described with reference to Figure 7,
the main difference being that the first sub-layer 158 is
provided in a different manner. In step T1, a mould, hav-
ing ridges and corresponding to the desired configuration
of the first sub-layer 158, is provided.
[0097] In step T2, the rows 152 of connected second
electrode elements 140 are provided on the surface of
the mould. This may be carried out in the same way as
step S3 of the previous method. In step T3, the second
sub-layer 160, is provided. In step T4, the columns 148
of first electrode elements 138 are provided. In step T5,
the third sub-layer is provided.
[0098] In Step T6, the mould is removed. In step T7,
the first sub-layer 158 is provided by filling the region
vacated by the removed mould.
[0099] Although all of the above is described with ref-
erence to a mobile phone, it will be understood that a
TSTF layer 132 may be included in any device that re-
quires touch-screen functionality. These devices include,
but are not limited to, PDAs, media players, tablet com-
puters, laptop computers, GPS navigation devices, and
e-readers/books.
[0100] The nature and dimensions of the materials that
constitute the TSTF layer 132, are selected so as to allow
the TSTF layer 132 to be flexible. Consequently, the
TSTF layer 132 is suitable for use with flexible display
panels, such as flexible OLED displays, bistable displays,
electrophoretic and electrowetting displays.
[0101] Suitable materials for the electrode elements
are nanoparticle, nanowire, and nanorod based materi-
als, solutions and composites. For instance, the elec-
trode elements may incorporate nano-materials of any
shape/morphology, sol-gel materials, or any other flexi-
ble, transparent material that exhibits conducting prop-
erties. Examples include carbon nanotube networks
(CNTNs), an indium-titanium-oxide (ITO) film, wide
bandgap oxides (such as zinc oxide) provided in thin
transparent layers, and thin layers of gold or silver.
[0102] The sub-layers may comprise any suitable ma-
terial composite consisting of a flexible, transparent host
material (e.g. a transparent flexible polymer).
[0103] It will be realised that variations to the compo-
nents and configuration described above may also be
suitable. For example, each of the first electrode ele-
ments 138 may comprise another shape, for example,
but not limited to, square, rectangular or hexagonal, hav-
ing a vacant interior region in which the second electrode
element 140 is located. Similarly, the second electrode
elements 140 may have a different shape.
[0104] As an alternative to the first electrode element

138 surrounding the second electrode element 140, the
first and second electrodes 138, 140 may merely be ad-
jacent one another. In this example, the columns 148 of
connected first electrode elements 138 may comprise
lengths of optically transparent conducting material hav-
ing a uniform width, extending across the surface of the
second sub-layer 160.
[0105] It will be understood that the electrodes 136 still
may be operable to provide transcutaneous electrical
nervous stimulation, and to detect touch inputs, if the
third sub-layer 162 is not included. In this embodiment,
a user’s finger tip would be in direct contact with the elec-
trodes 136.
[0106] It will be understood that the touch sensitivity
functionality of the device may be provided by the display
panel 132 instead of or as well as the TSTF layer 132.
Display panels that are capable of providing this func-
tionality include, but are not limited to, capacitive touch
sensitive display panels and resistive touch sensitive dis-
play panels.
[0107] Figure 9 depicts a schematic of one embodi-
ment of a biomedical device 200. The biomedical com-
prises a TSTF layer 132, a stimulation pattern generator
(SPG) 202, a processor 204, memory 206, a wireless
transceiver 208, and a power supply 210.
[0108] The biomedical device 200 may be operable to
provide electromagnetic Field Therapy (EFT) to areas of
the body with which the TSTF layer 132 is in contact.
EFT may be beneficial in areas such as, but not limited
to wound care, muscle strengthening, pain and inflam-
mation relief, and bone growth and repair.
[0109] The biomedical device 200 may be operable
also to sense neural, muscular and other biomedical ac-
tivity.
[0110] The TSTF layer 132 comprises a two-dimen-
sional array of electrodes 136. The TSTF layer 132 may
be as described with reference to Figures 2 to 5. It may
not be important whether the TSTF layer 132 is optically
transparent, optically opaque, or translucent.
[0111] The electrodes 136 of the TSTF layer 132 al-
ternatively may be completely electrically independent
from one another. Electrodes arranged thus may be in-
dividually activated using an active matrix addressing
technique. In these embodiments, each electrode is pro-
vided with dedicated first and second connectors, instead
of sharing connectors with other electrodes.
[0112] By virtue of an insulating layer (not shown) up-
permost in the TSTF layer 132, the biomedical device
200 may be operable to provide capacitively coupled EFT
to areas of the body with which the TSTF layer 132 is in
contact. Alternatively, no such insulating layer is present
and there is direct coupling between electrodes and a
user.
[0113] The electrodes 136 of the TSTF layer 132 may
be in electrical connection with the SPG 202. The SPG
202 receives power from the power supply 210. The SPG
is operable to generate nerve stimulation patterns for
controlling the electrodes 136 of the TSTF layer 132. The
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SPG 202 may comprise an application specific integrated
circuit (ASIC) (not shown) for generating the stimulation
pattern. The SPG 202 may also comprise stimulation cir-
cuitry (not shown) suitable for activating the electrodes
136 based on the generated activation patterns. The
stimulation circuitry may be the same as that described
with reference to Figure 6.
[0114] The SPG 202 may include also detection cir-
cuitry (not shown) suitable for detecting signals received
by the electrodes 136 of the TSTF layer 132. The detec-
tion circuitry may be the same as that described with
reference to Figure 6.
[0115] The processor 204 is operable to control the
operation of the SPG 202. It will be understood that the
processor 204 may be integrated with the SPG 202. Sig-
nals detected by from the TSTF layer 132 via the SPG
202 may be stored in the memory 206 for transmission
to another device at a later time. Alternatively or addi-
tionally the received signals may be transmitted to the
other device (not shown) via the wireless transceiver 208
immediately following detection.
[0116] The wireless transceiver 208 may be operable
also to receive signals from another device. The received
signals may comprise signals for controlling the operation
of the SPG 202 and/or the processor 204. The received
signals may be stored in the memory for implementation
by the processor 204 and the SPG 202 at a later time.
Alternatively, they may implemented by the SPG 202
without first storing them in memory. The wireless trans-
ceiver 208 may be, for example, but not limited to a Blue-
tooth transceiver, another type of RF transceiver or an
infra-red transceiver. Alternatively or additionally the de-
vice may be operable to receive or send signals to an-
other device, via wired connection with the other device.
[0117] The power supply may be a battery, for example
a small lightweight battery such as a paper battery or a
watch battery. Alternatively the power supply may be
connected to a mains electricity system.
[0118] The TSTF layer 132 may have a thin adhesive
layer on the outer surface 116 of the third sub-layer 162
for affixing the TSTF layer to the skin of a patient. Alter-
natively, the TSTF layer 132 may be kept in contact with
the skin of a user in another way, for example with medical
tape applied over rear surface 166 of the first sub-layer
158.
[0119] The electrical components and circuitry, such
as the SPG 202, the processor 204, the memory 206,
the wireless transceiver 208 and the power supply 210
may provided on the rear surface 166 of the first sub-
layer 158. In this way the biomedical device may be an
unobtrusive and self-contained.
[0120] The TSTF layer may comprise the same mate-
rials as discussed previously in this specification. Con-
sequently, the TSTF layer may be flexible. As such, the
TSTF layer 132 may conform to the shape of the part of
the user’s body to which it is affixed.
[0121] The biomedical device 200 may be affixed to a
user’s skin over an area of the body requiring treatment

or monitoring. For example, a patient requiring CCFET
on their neck may wear the biomedical device to reduce
pain without requiring the user to be physically attached
to immovable equipment. The biomedical device 200
may be operable to provide CCFET in response to de-
tected biomedical activity, such as detected muscle
spasms. Also, when muscle spasms are detected in mus-
cles underlying only a portion of the electrodes 136 in
the TSTF layer 132, the biomedical device may be op-
erable to activate only the portion of the electrodes. The
electrodes 136 may be activated in the manner described
with reference to Figure 5.
It should be realised that the foregoing embodiments
should not be construed as limiting. Other variations and
modifications will be apparent to persons skilled in the
art upon reading the present application.

Claims

1. Apparatus comprising a display panel (130), at least
one electrode (136), and an electrically insulating
layer (162), the electrically insulating layer forming
a portion of an exterior surface (116) proximal to said
at least one electrode, wherein the apparatus is a
mobile device (10), and the mobile device is config-
ured to house the display panel, the at least one elec-
trode and the electrically insulating layer,
the at least one electrode being optically transparent
if located above the display panel, or may instead
be optically opaque or translucent if not located
above the display panel, wherein in combination the
at least one electrode and the electrically insulating
layer are configured to provide nerve stimulation to
a user by utilizing capacitive coupling, via the elec-
trically insulating layer, between the electrode and a
user contacting the portion of the exterior surface of
said insulating layer (162) proximal to said electrode
(136), wherein the electrode (136) comprises a first
electrode element (138) and a second electrode el-
ement (140) electrically insulated from one another.

2. The apparatus as claimed in claim 1, wherein the
apparatus is configured to provide a time varying po-
tential difference between the first electrode element
and the second electrode element.

3. The apparatus as claimed in claim 2 wherein the
potential difference is in the range 1 to 10 volts.

4. The apparatus of any preceding claim, wherein the
electrode is optically transparent.

5. The apparatus of any preceding claim, wherein the
exterior surface is hydrophobic and/or oleophobic.

6. The apparatus of any preceding claim, wherein the
insulating layer (162) has a thickness in the range
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500 nm to 2 micrometres.

7. The apparatus of any preceding claim, comprising a
plurality of individually operable electrodes (136)
separated by a distance in the range 0.1 to 5 mm.

8. The apparatus of any preceding claim, wherein said
electrode constitutes part of a two-dimensional array
of optically transparent electrodes (136).

9. The apparatus of any preceding claim, wherein said
electrode (136) is flexible.

10. The apparatus of any preceding claim, comprising a
detection circuit configured to detect a user contact-
ing said portion of said exterior surface of said elec-
trically insulating layer (162) proximal to said elec-
trode (136).

11. The apparatus of claim 8, comprising a stimulation
circuit configured to provide a nerve stimulation po-
tential at the electrode in response to a detection
circuit detecting a user contacting said portion of said
exterior surface of said apparatus proximal to said
electrode.

12. The apparatus as claimed in any preceding claim
wherein the first electrode element is planar and lies
substantially in a first plane and extends across the
first plane and wherein the second electrode element
is planar and lies substantially in a second plane and
extends across the second plane.

13. The apparatus of any preceding claim, wherein the
apparatus is a mobile phone (10).

14. A non-therapeutic method of controlling feedback to
a user controlling a user apparatus comprising:

providing a display panel (130), at least one
electrode (136), and an electrically insulating
layer (162) forming a portion of an exterior sur-
face proximal to said at least one electrode;
controlling activation of the at least one elec-
trode (136) to provide nerve stimulation to a user
by utilizing capacitive coupling between the
electrode and a user contacting said electrically
insulating layer (162) at the portion of the exte-
rior surface (116) proximal to said at least one
electrode,
the at least one electrode (136) being optically
transparent if located above the display panel,
or may instead be optically opaque or translu-
cent if not located above the display panel,
wherein the apparatus is a mobile device (10),
and the mobile device is configured to house the
display panel, the at least one electrode and the
electrically insulating layer, wherein the elec-

trode (136) comprises a first electrode element
(138) and a second electrode element (140)
electrically insulated from one another.

15. A non-therapeutic method as claimed in claim 14
further comprising prior to the controlling step, de-
tecting when a user is contacting said portion of said
exterior surface of said insulating layer (162) proxi-
mal to said electrode (136).

Patentansprüche

1. Vorrichtung, die ein Anzeigefeld (130), mindestens
eine Elektrode (136) und eine elektrisch isolierende
Schicht (162) umfasst, wobei die elektrisch isolie-
rende Schicht einen Abschnitt einer Außenseite
(116) proximal zu der mindestens einen Elektrode
bildet, wobei die Vorrichtung ein Mobilgerät (10) ist
und das Mobilgerät zum Beherbergen des Anzeige-
felds, der mindestens einen Elektrode und der elek-
trisch isolierenden Schicht ausgestaltet ist,
die mindestens eine Elektrode optisch transparent
ist, wenn sie oberhalb des Anzeigefelds angeordnet
ist, oder stattdessen optisch opak oder durchschei-
nend sein kann, wenn sie nicht oberhalb des Anzei-
gefelds angeordnet ist, wobei die mindestens eine
Elektrode und die elektrisch isolierende Schicht in
Kombination ausgestaltet sind, um einem Anwender
Nervenstimulation bereitzustellen, indem kapazitive
Kopplung über die elektrisch isolierende Schicht zwi-
schen der Elektrode und einem Anwender genutzt
wird, der in Kontakt mit dem Abschnitt der Außen-
seite der isolierenden Schicht (162) proximal zu der
Elektrode (136) kommt, wobei die Elektrode (136)
ein erstes Elektrodenelement (138) und ein zweites
Elektrodenelement (140) umfasst, die voneinander
elektrisch isoliert sind.

2. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
ausgestaltet ist, um eine zeitlich variierende Poten-
tialdifferenz zwischen dem ersten Elektrodenele-
ment und dem zweiten Elektrodenelement bereitzu-
stellen.

3. Vorrichtung nach Anspruch 2, wobei die Potential-
differenz im Bereich von 1 bis 10 Volt liegt.

4. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Elektrode optisch transparent ist.

5. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Außenseite hydrophob und/oder
oleophob ist.

6. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Isolierschicht (162) eine Dicke
im Bereich von 500 nm bis 2 Mikrometer hat.
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7. Vorrichtung nach einem der vorhergehenden An-
sprüche, die eine Vielzahl von individuell betriebsfä-
higen Elektroden (136) umfasst, die durch einen Ab-
stand im Bereich von 0,1 bis 5 mm getrennt sind.

8. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Elektrode Teil einer zweidimen-
sionalen Anordnung von optisch transparenten Elek-
troden (136) bildet.

9. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Elektrode (136) flexibel ist.

10. Vorrichtung nach einem der vorhergehenden An-
sprüche, umfassend einen Detektierungsschalt-
kreis, der zum Detektieren eines Anwenders ausge-
staltet ist, der in Kontakt mit dem Abschnitt der Au-
ßenseite der elektrisch isolierenden Schicht (162)
proximal zu der Elektrode (136) kommt.

11. Vorrichtung nach Anspruch 8, die einen Stimulati-
onsschaltkreis umfasst, der zum Bereitstellen eines
Nervenstimulationspotentials an der Elektrode in
Reaktion darauf ausgestaltet ist, dass ein Detektie-
rungsschaltkreis einen Anwender detektiert, der in
Kontakt mit dem Abschnitt der Außenseite der Vor-
richtung proximal zu der Elektrode kommt.

12. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei das erste Elektrodenelement planar
ist und im Wesentlichen in einer ersten Ebene liegt
und sich über die erste Ebene erstreckt, und wobei
das zweite Elektrodenelement planar ist und im We-
sentlichen in einer zweiten Ebene liegt und sich über
die zweite Ebene erstreckt.

13. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Vorrichtung ein Mobiltelefon (10)
ist.

14. Nicht-therapeutisches Verfahren zum Steuern von
Feedback an einen Anwender, der eine Anwender-
vorrichtung steuert, umfassend:

Bereitstellen eines Anzeigefelds (130), mindes-
tens einer Elektrode (136) und einer elektrisch
isolierenden Schicht (162), die einen Abschnitt
einer Außenseite proximal zu der mindestens
einen Elektrode bildet;
Steuern der Aktivierung der mindestens einen
Elektrode (136) zur Bereitstellung von Nerven-
stimulation an einen Anwender durch Nutzung
von kapazitiver Kopplung zwischen der Elektro-
de und einem Anwender, der an dem Abschnitt
der Außenseite (116) proximal zu der mindes-
tens einen Elektrode in Kontakt mit der elek-
trisch isolierenden Schicht (162) kommt,
wobei die mindestens eine Elektrode (136) op-

tisch transparent ist, wenn sie oberhalb des An-
zeigefelds angeordnet ist, oder stattdessen op-
tisch opak oder durchscheinend sein kann,
wenn sie nicht oberhalb des Anzeigefelds an-
geordnet ist,
wobei die Vorrichtung ein Mobilgerät (10) ist und
das Mobilgerät ausgestaltet ist, um das Anzei-
gefeld, die mindestens eine Elektrode und die
elektrisch isolierende Schicht zu beherbergen,
wobei die Elektrode (136) ein erstes Elektroden-
element (138) und ein zweites Elektrodenele-
ment (140) umfasst, die elektrisch voneinander
isoliert sind.

15. Nicht-therapeutisches Verfahren nach Anspruch 14,
ferner umfassend:

Detektieren, wenn ein Anwender in Kontakt mit
dem Abschnitt der Außenseite der isolierenden
Schicht (162) proximal zu der Elektrode (136)
kommt, vor dem Steuerschritt.

Revendications

1. Appareil comprenant un panneau d’affichage (130),
au moins une électrode (136), et une couche élec-
triquement isolante (162), la couche électriquement
isolante formant une portion d’une surface extérieu-
re (116) proximale par rapport à ladite au moins une
électrode, l’appareil étant un dispositif mobile (10),
et le dispositif mobile étant configuré pour accueillir
le panneau d’affichage, l’au moins une électrode et
la couche électriquement isolante,
l’au moins une électrode étant optiquement transpa-
rente si elle est située au-dessus du panneau d’af-
fichage, ou au lieu de cela pouvant être optiquement
opaque ou translucide si elle n’est pas située au-
dessus du panneau d’affichage,
dans lequel en combinaison l’au moins une électrode
et la couche électriquement isolante sont configu-
rées pour délivrer une stimulation nerveuse à un uti-
lisateur en utilisant le couplage capacitif, par le biais
de la couche électriquement isolante, entre l’électro-
de et un utilisateur touchant la portion de la surface
extérieure de ladite couche isolante (162) proximale
par rapport à ladite électrode (136), l’électrode (136)
comprenant un premier élément d’électrode (138) et
un deuxième élément d’électrode (140) électrique-
ment isolés l’un de l’autre.

2. Appareil selon la revendication 1, l’appareil étant
configuré pour délivrer une différence de potentiel
variable dans le temps entre le premier élément
d’électrode et le deuxième élément d’électrode.

3. Appareil selon la revendication 2 dans lequel la dif-
férence de potentiel se situe dans la gamme de 1 à
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10 volts.

4. Appareil d’une quelconque revendication précéden-
te, dans lequel l’électrode est optiquement transpa-
rente.

5. Appareil d’une quelconque revendication précéden-
te, dans lequel la surface extérieure est hydrophobe
et/ou oléophobe.

6. Appareil d’une quelconque revendication précéden-
te, dans lequel la couche isolante (162) a une épais-
seur dans la gamme de 500 nm à 2 micromètres.

7. Appareil d’une quelconque revendication précéden-
te, comprenant une pluralité d’électrodes utilisables
individuellement (136) séparées par une distance
dans la gamme de 0,1 à 5 mm.

8. Appareil d’une quelconque revendication précéden-
te, dans lequel ladite électrode constitue une partie
d’un réseau bidimensionnel d’électrodes optique-
ment transparentes (136).

9. Appareil d’une quelconque revendication précéden-
te, dans lequel ladite électrode (136) est flexible.

10. Appareil d’une quelconque revendication précéden-
te, comprenant un circuit de détection configuré pour
détecter un utilisateur touchant ladite portion de la-
dite surface extérieure de ladite couche électrique-
ment isolante (162) proximale par rapport à ladite
électrode (136).

11. Appareil de la revendication 8, comprenant un circuit
de stimulation configuré pour délivrer un potentiel de
stimulation nerveuse au niveau de l’électrode en ré-
ponse à un circuit de détection détectant un utilisa-
teur touchant ladite portion de ladite surface exté-
rieure dudit appareil proximale par rapport à ladite
électrode.

12. Appareil selon une quelconque revendication précé-
dente dans lequel le premier élément d’électrode est
plan et se situe en grande partie dans un premier
plan et s’étend à travers le premier plan et dans le-
quel le deuxième élément d’électrode est plan et se
situe en grande partie dans un deuxième plan et
s’étend à travers le deuxième plan.

13. Appareil d’une quelconque revendication précéden-
te, l’appareil étant un téléphone mobile (10).

14. Procédé non thérapeutique de contrôle du retour à
un utilisateur contrôlant un appareil d’utilisateur
comprenant les étapes suivantes :

se procurer un panneau d’affichage (130), au

moins une électrode (136), et une couche élec-
triquement isolante (162) formant une portion
d’une surface extérieure proximale par rapport
à ladite au moins une électrode ;
contrôler l’activation de l’au moins une électrode
(136) pour délivrer une stimulation nerveuse à
un utilisateur en utilisant le couplage capacitif
entre l’électrode et un utilisateur touchant ladite
couche électriquement isolante (162) au niveau
de la portion de la surface extérieure (116) proxi-
male par rapport à ladite au moins une électro-
de,
l’au moins une électrode (136) étant optique-
ment transparente si elle est située au-dessus
du panneau d’affichage, ou au lieu de cela pou-
vant être optiquement opaque ou translucide si
elle n’est pas située au-dessus du panneau d’af-
fichage,
l’appareil étant un dispositif mobile (10), et le
dispositif mobile étant configuré pour accueillir
le panneau d’affichage, l’au moins une électrode
et la couche électriquement isolante, l’électrode
(136) comprenant un premier élément d’électro-
de (138) et un deuxième élément d’électrode
(140) électriquement isolés l’un de l’autre.

15. Procédé non thérapeutique selon la revendication
14 comprenant en outre l’étape suivante :

avant l’étape de contrôle, détecter le moment
où un utilisateur touche ladite portion de ladite
surface extérieure de ladite couche isolante
(162) proximale par rapport à ladite électrode
(136).
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