2013/060932 A1 I 000 RSO0 O 010 00

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/060932 A1l

2 May 2013 (02.05.2013) WIPO I PCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:

GO6F 3/044 (2006.01) HO3K 17/955 (2006.01)
GO6F 3/01 (2006.01) HO3K 17/96 (2006.01)
GOG6F 3/041 (2006.01) GO8B 6/00 (2006.01)
GOG6F 3/047 (2006.01) BO6B 1/04 (2006.01)

International Application Number:
PCT/FI2012/051011

International Filing Date:
23 October 2012 (23.10.2012)

Filing Language: English
Publication Language: English
Priority Data:

13/281,776 26 October 2011 (26.10.2011) US
13/332,902 21 December 2011 (21.12.2011) US

Applicant: NOKIA CORPORATION [FI/FI]; Keila-
lahdentie 4, FI-02150 Espoo (FI).

Inventors: RADIVOJEVIC, Zoran; 23 Thorton Road,
Cambridge CB3 ONP (GB). BEECHER, Paul; 54
Petersfield Mansions, Mill Road, Cambridge CB1 1BB
(GB). BOWER, Chris; 4 Warwick Drive, Ely CB6 3EN
(GB). ANDREW, Piers; 102 Suez Rd., Cambridge CBl1
3QD (GB). COTTON, Darryl; 40 Greatfarthing Close, St.
Ives Cambridgeshire, PE27 5JX (GB). HAQUE, Samiul;
67 Alice Bell Close, Cambridge, CB4 1GN (GB). RY-
HANEN, Tapani; Luoteisviyla 31 as 4, FI-00200 Helsinki
(FI).

(74) Agents: NOKIA CORPORATION et al.; IPR Depart-

ment, Jussi Jaatinen, Keilalahdentie 4, FI-02150 Espoo
(FD).

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) Designated States (uniess otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(34

Title: TOUCHSCREEN WITH HAPTIC FEEDBACK

Figure 1a

102 //////////////l//////////////

a0

|-

104

Figure 1b

é/ms
103

iz 102

w1104

(57) Abstract: An apparatus comprising at least oneprocessor and at least one memory including computer program code, the at
least one memory and the computer program code contigured to, with the at least one processor, cause the apparatus at least to
provide a first state or a second state for an electrode, wherein in the first state, the electrode is configured for use in the detection of
o touch input, and in the second state, the electrode is configured for use in the provision of haptic feedback.



10

15

20

25

30

35

WO 2013/060932 PCT/FI12012/051011

TOUCHSCREEN WITH HAPTIC FEEDBACK

Technical Field

The present disclosure relates to the field of touchscreen displays associated methods
and apparatus, and in particular concerns an apparatus configured to provide a first or
second state for an electrode such that the electrode can function either as a capacitive
touch sensor or as an electrotactile element. Certain disclosed example
aspects/embodiments relate to portable electronic devices, in particular, so-called hand-
portable electronic devices which may be hand-held in use (although they may be placed
in a cradle in use). Such hand-portable electronic devices include so-called Personal
Digital Assistants (PDAs).

The portable electronic devices/apparatus according to one or more disclosed example
aspects/embodiments may provide one or more audio/text/video communication functions
(e.g. tele-communication, video-communication, and/or text transmission, Short Message
Service (SMS)/ Multimedia Message Service (MMS)/emailing functions, interactive/non-
interactive viewing functions (e.g. web-browsing, navigation, TV/program viewing
functions), music recording/playing functions (e.g. MP3 or other format and/or (FM/AM)
radio broadcast recording/playing), downloading/sending of data functions, image capture

function (e.g. using a (e.g. in-built) digital camera), and gaming functions.

Background

In touch user interfaces, a capacitive sensing matrix for touch detection is gaining greater
adherence than traditional resistive touchscreen solutions. Neither technology, however,
incorporates haptic feedback. There are several emerging technologies aiming to
introduce haptic feedback without mechanically moving parts. One of these is an
electrotactile surface which takes advantage of capacitive coupling to the user’'s skin to
create a variable frictional force on the touchscreen panel. However, combining
capacitive sensing and haptic feedback in the same electronic display is a technical

challenge.

The apparatus and methods disclosed herein may or may not address this issue.
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The listing or discussion of a prior-published document or any background in this
specification should not necessarily be taken as an acknowledgement that the document
or background is part of the state of the art or is common general knowledge. One or
more aspects/embodiments of the present disclosure may or may not address one or

more of the background issues.

Summary

According to a first aspect, there is provided an apparatus comprising at least one
processor and at least one memory including computer program code, the at least one
memory and the computer program code configured to, with the at least one processor,
cause the apparatus at least to provide a first state or a second state for an electrode,
wherein in the first state, the electrode is configured for use in the detection of touch input,
and in the second state, the electrode is configured for use in the provision of haptic
feedback.

In the first state, the electrode may serve as part of a capacitive touch sensor. The term
“sensor” may be taken to mean a single node of a capacitive sensor array. The apparatus
may be configured to provide the first state by applying a potential to the electrode and

monitoring the capacitance associated with the capacitive touch sensor.

In one embodiment, the electrode may serve as part of a self-capacitive touch sensor. In
this embodiment, the apparatus may be configured to provide the first state by applying a

potential to the electrode and monitoring the capacitance of the electrode.

In another embodiment, the electrode may serve as a transmitter electrode of a
horizontally-arranged or vertically-arranged mutually-capacitive touch sensor. In this
embodiment, the apparatus may be configured to provide the first state by applying a
potential to the transmitter electrode and monitoring the capacitance of a receiver

electrode of the mutually-capacitive touch sensor.

In the first state, the electrode may be configured to couple capacitively to a stylus when
said stylus is in proximity to the electrode. The term “stylus” may be taken to mean any
object which is capable of holding electrical charge and which can be used to provide a
touch input. The stylus may be made from an electrically conductive material or a

dielectric material. The stylus may be a user of the apparatus (e.g. a user’s finger), a
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conventional input stylus (e.g. a stylus as used with PDAs and the like), or a glove worn
by a user of the apparatus (e.g. a glove comprising fingertips configured to hold electrical

charge).

Capacitive coupling between the electrode and the stylus may be configured to generate a
touch input signal to enable detection of a touch input. The stylus may form a capacitor
with the electrode when the stylus is in proximity to the electrode. Capacitive coupling
between the electrode and the stylus may be configured to cause a variation (increase or
decrease depending on the stylus material) in the capacitance of the electrode. The

variation in capacitance may be between 1fF and 5pF.

The electrode may be a transmitter electrode configured to generate an electric field
between itself and a receiver electrode. The stylus may interfere with the electric field
when the stylus is in proximity to the transmitter electrode. Capacitive coupling between
the transmitter electrode and the stylus may cause a variation (increase or decrease
depending on the stylus material) in the capacitance of the receiver electrode. The

variation in capacitance may be between 1fF and 5pF.

The apparatus may be configured to provide the second state by applying a periodic
potential to the electrode and controlling one or more of the amplitude, frequency, duration

and polarity of the periodic potential.

In the second state, the electrode may function as an electrotactile element. The term
‘element” may be taken to mean a conductive electrode of an electrotactile system. In the
second state, the electrode may be configured to couple capacitively to a stylus when said
stylus is in proximity to the electrode. Capacitive coupling between the electrode and the

stylus may be configured to provide haptic feedback.

The apparatus may be configured to discharge the electrode between providing the first

state and providing the second state, and vice versa.

The apparatus may be configured to provide the second state when haptic feedback is
required, and provide the first state when haptic feedback is not required. The apparatus
may be configured to provide the second state in response to a touch input being detected
to provide haptic feedback associated with the touch input. The apparatus may be

configured to repeatedly switch between providing the first state and providing the second
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state during a period when touch input is required to be detected. The apparatus may be
configured to repeatedly switch between providing the first state and providing the second

state during a period when haptic feedback is required to be provided.

The apparatus may be configured to switch between providing the first state and providing
the second state using one or more switches. In the first state, the one or more switches
may connect the electrode to a sensor module. In the second state, the one or more
switches connect the electrode to an electrotactie module. The sensor module may
comprise one or more of a sensor power supply, a sensor control circuit and a sensor
measurement circuit. The electrotactile module may comprise one or more of an

electrotactile power supply, an electrotactile control circuit and a stylus ground.

The apparatus may be configured to provide a first state or a second state for a plurality of
electrodes. In the first state, the electrodes may be configured for use in the detection of
touch input. In the second state, the electrodes may be configured for use in the provision
of haptic feedback. The apparatus may be configured to provide the state for one or more

electrodes independently of the other electrodes.

The apparatus may comprise the electrode. The electrode may be made from one or
more of the following materials: gold, silver, copper, carbon, graphene, zinc oxide, indium
tin oxide, and vanadium oxide (but is not limited to these materials). The electrode may

be formed by the junction of two or more intersecting strips of material.

The apparatus may comprise an electrically insulating material on top of the electrode.
The electrically insulating material may have a thickness of 1mm or less. The upper
surface area of the electrode may be chosen such that the variation in capacitance
caused by the capacitive coupling between the electrode and stylus is detectable

regardless of the thickness of the electrically insulating material.

The apparatus may comprise a plurality of electrodes. The spacing between adjacent
electrodes may be at least 1mm. The electrodes may be formed as a mesh of material or
as a plurality of intersecting strips of material. The mesh and/or intersecting strips of
material may be formed as one or more of a thin fim and a network of
nanowires/nanotubes/nanoribbons (e.g. silver, carbon, zinc oxide or graphene

nanowires/nanotubes/nanoribbons).
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The apparatus may be one of the following: an electronic device, a portable electronic
device, a portable telecommunications device, a touchscreen display for any of the

aforementioned devices, and a module for any of the aforementioned devices.

According to a further aspect, there is provided a device comprising any apparatus

described herein.

According to a further aspect, there is provided an apparatus comprising means for
providing a first state or a second state for an electrode, wherein in the first state, the
electrode is configured for use in the detection of touch input, and in the second state, the

electrode is configured for use in the provision of haptic feedback.

The means for providing a first state or a second state may comprise means for applying
a potential to the electrode and means for monitoring the capacitance associated with the

capacitive touch sensor.

The means for providing a first state or a second state may comprise means for applying
a periodic potential to the electrode and means for controlling one or more of the

amplitude, frequency, duration and polarity of the periodic potential.

The apparatus may comprise means for switching between providing the first state and

providing the second state.

According to a further aspect, there is provided a method, the method comprising:
providing a first state or a second state for an electrode, wherein in the first state,
the electrode is configured for use in the detection of touch input, and in the second state,

the electrode is configured for use in the provision of haptic feedback.

The method may comprise detecting a touch input using the electrode when the electrode
is in the first state. The method may comprise providing haptic feedback using the

electrode when the electrode is in the second state.

The steps of any method disclosed herein do not have to be performed in the exact order

disclosed, unless explicitly stated or understood by the skilled person.
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According to a further aspect, there is provided a computer program, recorded on a
carrier, the computer program comprising computer code configured to perform any

method described herein.

The processor may be a microprocessor, including an Application Specific Integrated
Circuit (ASIC).

The present disclosure includes one or more corresponding aspects, example
embodiments or features in isolation or in various combinations whether or not specifically
stated (including claimed) in that combination or in isolation. Corresponding means for

performing one or more of the discussed functions are also within the present disclosure.

Corresponding computer programs for implementing one or more of the methods
disclosed are also within the present disclosure and encompassed by one or more of the

described example embodiments.

The above summary is intended to be merely exemplary and non-limiting.

Brief Description of the Figures

A description is now given, by way of example only, with reference to the accompanying

drawings, in which:-

Figure 1a shows one embodiment of a device configured to provide haptic feedback;
Figure 1b shows another embodiment of a device configured to provide haptic feedback;
Figure 2a shows the detection of a touch input by a self-capacitive touch sensor;

Figure 2b shows the detection of a touch input by a horizontally-arranged mutually-
capacitive touch sensor;

Figure 2¢ shows the detection of a touch input by a vertically-arranged mutually-capacitive
touch sensor;

Figure 3a shows how the presence of an electrotactile layer can hinder the detection of a
touch input by a self-capacitive touch sensor;

Figure 3b shows how the presence of an electrotactile layer can hinder the detection of a
touch input by a horizontally-arranged mutually-capacitive touch sensor;

Figure 3¢ shows how the presence of an electrotactile layer can hinder the detection of a

touch input by a vertically-arranged mutually-capacitive touch sensor;
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Figure 4a shows a plurality of self-capacitive touch sensors;

Figure 4b shows a plurality of horizontally-arranged mutually-capacitive touch sensors;
Figure 4¢ shows a plurality of vertically-arranged mutually-capacitive touch sensors;
Figure 5a shows how an electrotactile layer can cause accidental triggering of self-
capacitive touch sensors;

Figure 5b shows how an electrotactile layer can cause accidental triggering of
horizontally-arranged mutually-capacitive touch sensors;

Figure 5¢ shows how an electrotactile layer can cause accidental triggering of vertically-
arranged mutually-capacitive touch sensors;

Figure 6 shows how an electrotactile layer can prevent the detection of a touch input by
capacitive touch sensor, and even damage the measurement circuit of a capacitive touch
Sensor;

Figure 7a shows an array of electrodes functioning as self-capacitive touch sensors;
Figure 7b shows the array of electrodes of Figure 7a functioning as electrotactile
elements;

Figure 8a shows an array of electrodes functioning as horizontally-arranged mutually-
capacitive touch sensors;

Figure 8b shows the array of electrodes of Figure 8a functioning as electrotactile
elements;

Figure 9a shows an array of electrodes functioning as vertically-arranged mutually-
capacitive touch sensors;

Figure 9b shows the array of electrodes of Figure 9a functioning as electrotactile
elements;

Figure 10 shows a typical electrotactile signal for providing haptic feedback.

Figure 11a shows how a series of switches can be used to change the function of an
electrode of a self-capacitive touch sensor.

Figure 11b shows how a series of switches can be used to change the function of an
electrode of a mutually-capacitive touch sensor.

Figure 12a shows a parallel plate capacitor in cross-section;

Figure 12b shows a parallel plate capacitor in plan view;

Figure 13a shows a layer of electrically insulating material on top of an electrode of an
electrotactile system;

Figure 13b shows a layer of electrically insulating material on top of an electrode of a
capacitive touch sensor array;

Figure 14a shows how a mesh of material can be used to form a plurality of electrodes.
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Figure 14b shows how intersecting strips of material can be used to form a plurality of
electrodes;

Figure 15 shows a device comprising the apparatus described herein;

Figure 16 shows a method of using the apparatus described herein; and

Figure 17 shows a computer readable medium comprising a computer program for

controlling the use of the apparatus described herein.

Description of Specific Aspects/Embodiments

Haptic technology is a tactile feedback technology which takes advantage of a user’s
sense of touch by applying forces, vibrations, and/or motions upon the user to convey
information. In the past, tactile feedback has been used to assist in the creation and
control of virtual objects (i.e. objects existing only in a computer simulation), and to

enhance control of remote machines and devices.

More recently, however, haptic technology has been used in portable electronic devices to
supplement visual content. For example, some devices use haptic technology to produce
vibrations in response to touch. This may be combined with touch-sensitive screens,
where the vibrations can be used to acknowledge selection of on-screen content by the
user. In other devices, vibrations have been used to direct a user to a particular on-
screen feature, and even to create a tactile representation of an image to enable

perception of displayed content with reduced cognitive effort.

As mentioned in the background section, one method of generating vibrations in the skin
is to incorporate an electrotactile system in the display of an electronic device. This
technology is based on electrovibration, in which the mechanoreceptors are deceived into
perceiving texture when a fingertip is swiped across an insulating layer above an electrical
conductor carrying an alternating potential. This effect is due to the varying electrostatic
attraction between the conductor and the deeper, liquid-rich conducting layers of the skin

— an effect which changes the perceived dynamic function.

Figure 1a shows a device incorporating an electrotactile system. The device comprises
an electronic display 101, an electrically conducting layer 102 (referred to herein as the
electrotactile layer), an electrically insulating layer 103 and a power supply 104, the
electrically insulating layer 103 positioned between a user 105 of the device and the

electrotactile layer 102. The power supply 104 is configured to charge the electrotactile
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layer 102, and the electrically insulating layer 103 is configured to prevent a flow of current
between the electrotactile layer 102 and the skin of the user 105 when the user 105 is
proximate to the electrotactile layer 102. The electrically insulating layer 103 may be

unnecessary, however, if the electronic display 101 is electrically insulating.

The electrotactile layer 102 is configured to allow establishment of an electric field
between itself and the user 105. To achieve this, the power supply 104 charges the
electrotactile layer 102, and the charge on the electrotactile layer 102 induces charges of
opposite polarity on the skin of the user 105. The build up of charge on the electrotactile
layer 102 and the user 105 is what forms the electric field. This may be visualised as a
(dynamic) capacitor, where the electrotactile layer 102 is the first electrode and the user
105 is the second electrode, the first and second electrodes separated by an electrical
insulator 103. The electrostatic force generated by the charge on the electrotactile layer

102 attracts the charge on the user 105 causing movement of the user’s skin.

To generate vibration in the skin of the user 105, the power supply 104 varies the
magnitude (and/or polarity) of charge on the electrotactile layer 102 periodically. The
variation of charge causes variations in electric field strength (and/or direction) which in
turn causes vibrations in the skin. By controlling the electric field strength, it is possible to
tune the frequency and amplitude of the skin vibrations to a specific receptor. Unlike
some other types of haptic feedback technology, physical contact between the user 105
and the device is not required because the electrotactile layer 102 couples capacitively to
the user’s skin, or any other stylus, via the electric field (i.e. action at a distance). The
electrotactile layer may be divided into a plurality of individually controllable segments.
This configuration allows one segment to provide a different amplitude and/or frequency of
vibration than another segment such that the haptic feedback is different at different

regions of the display.

In an alternative configuration (shown in Figure 1b), the electronic display 101 is located
below the electrotactile layer 102 and electrically insulating layer 103. This configuration
reduces the distance between the electrotactile layer 102 and the user 105, which
increases the capacitance. This arrangement therefore allows a smaller potential to be
applied to the electrotactile layer 102 to produce the same electrostatic force on the user’s
skin, which helps to reduce the power consumption of the electrotactile system. The
configuration of Figure 1b, unlike that of Figure 1a, requires the electrotactile layer 204

and electrically insulating layer 103 to be substantially optically transparent, otherwise the

9
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user may be unable to see the underlying electronic display 101. In both configurations,
however, one or more of the layers (electronic display 101, electrically insulating layer 103

and electrotactile layer 102) may be made from a stretchable and/or flexible material.

Touchscreen interfaces are electronic visual displays which can detect the presence and
location of a touch input within the display area. The term “fouchscreen” generally refers
to interfaces which interact with a user’s finger, but most technologies can also sense
other passive objects, such as a stylus. The touchscreen has two main attributes. Firstly,
it enables a user to interact directly with what is displayed, rather than indirectly via an
onscreen pointer. Secondly, it removes the need for any intermediate input device, such
as a mouse or touchpad, which would otherwise be required for controlling the onscreen

pointer.

A variety of different touchscreen technologies currently exist. One of these is capacitive
touchscreen technology, which encompasses both self-capacitive systems and mutually-

capacitive systems.

A self-capacitive touch sensor (as illustrated in Figure 2a) comprises an electrical
conductor 206 (electrode) separated from the external environment by an electrical
insulator 207. Like the electrotactile system, a potential (10V in the examples illustrated)
is applied to charge the electrode 206. When the user’s finger 205 or a stylus (which will
usually be grounded) is brought into proximity of the charged electrode 206 (e.g. by
touching the electrical insulator 207), opposite charges are induced on the finger/stylus
205 and an electric field 208 is formed therebetween (i.e. the electrode 206 couples
capacitively to the user/stylus 205). The electrode 206 and the user/stylus 205 effectively
serve as the opposite plates of a (dynamic) capacitor. Therefore, when the user/stylus
205 approaches the sensor, the total capacitance associated with the electrode 206
increases (typically by 1fF-5pF). This change in capacitance is then detected, and if the
change exceeds a predetermined threshold value, the sensor interprets this as a touch
input. As shown in Figure 3a, the sensor changes from an “off” state (no touch input) to

an “on” state (touch input detected).

A mutually-capacitive touch sensor (as illustrated in Figure 2b), however, comprises first
209 and second 210 electrical conductors (transmitter 209 and receiver 210 electrodes).
A potential is then applied to charge the transmitter electrode 209, which generates an

electric field 208 between itself and the receiver electrode 210. The transmitter 209 and
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receiver 210 electrodes effectively serve as the opposite plates of a capacitor, and the
capacitance associated with the receiver electrode 210 is measured. In the example
shown, the electrodes 209, 210 lie in the same plane (i.e. a horizontally-arranged
mutually-capacitive sensor). In this configuration, the stray field lines 208 extend above
the plane of the electrodes 209, 210 into the region external to the device. When the
user’s finger 205 or a stylus is brought into proximity of the sensor, the finger/stylus 205
interferes with the electric field 208 (i.e. the transmitter electrode 209 couples capacitively
to the user/stylus 205). In this way, the capacitance associated with the receiver
electrode 210 decreases (typically by 1fF-5pF). As with the self-capacitive touch sensor,
the change in capacitance is detected. If the change exceeds a predetermined threshold

value, the sensor interprets this as a touch input.

To increase the resolution of a mutually-capacitive touch sensor array, the transmitter 209
and receiver 210 electrodes of each sensor may be arranged one on top of the other (i.e.
a vertically-arranged mutually-capacitive sensor). This arrangement is illustrated in Figure
2¢. In this configuration, the user's finger/stylus 205 couples capacitively to the
transmitter electrode 209 (similar to the electrode 206 of a self-capacitive sensor), causing

a decrease in the capacitance associated with the receiver electrode 210.

By using an array of capacitive touch sensors, it is possible to pin-point the position of
touch by averaging the signals from multiple sensors. This is useful when the touch input
lies between adjacent sensors or spans multiple sensors. Whilst this allows the detection
of touch inputs which lie between adjacent sensors, the detection tends to be more
accurate when the position of touch coincides with the position of a sensor. For this

reason, a greater density of sensors is usually advantageous.

As mentioned briefly in the background section, the integration of capacitive touchscreen
and electrotactile technology presents various technical challenges. These must be

addressed if these systems are to function properly in the same electronic display.

Figure 3a illustrates the scenario where an electrotactile system is integrated with self-
capacitive touchscreen technology. As discussed above, an alternating voltage is applied
to the electrotacile layer 302 when haptic feedback is required, and removed again when
haptic feedback is not required. When the alternating voltage is not being applied, the
electrotactile layer 302 may be grounded or floating. There are therefore moments in time

when a potential difference exists between the capacitive touch sensors and the
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electrotactile layer 302. In the examples illustrated, the electrotactile layer 302 is at a
floating potential (when the electrotactile layer is in the “off” state) and the capacitive touch
sensor electrodes are held at 10V. The potential difference results in capacitive cross-
coupling between the capacitive touch sensor electrodes and the electrotactile layer 302,

which is represented by electric field lines 308 in the figures.

Capacitive cross-coupling may prevent the detection of a touch input by the sensors. This
is because the electrotactile layer 302 forms a capacitor with the sensor electrode 306
(compare Figure 3a with Figure 2a). As a result, the capacitance associated with the
electrode 306 is relatively large before a touch input has been provided. When the user’s
finger 305 (or stylus) is then brought into proximity of the sensor, the capacitance
associated with the electrode 306 increases, but the difference in capacitance is reduced
by the presence of the electrotactile layer 302. This is depicted by an increase of one field
line in Figure 3a compared to an increase of three field lines in Figure 2a. It is therefore
more difficult for the system to distinguish between the “on” state and the “off” state as a

result of the electrotactile layer 302.

A similar scenario occurs when an electrotactile system is integrated with mutually-
capacitive touch sensors. Figure 3b shows a horizontally-arranged sensor whilst Figure
3¢ shows a vertically-arranged sensor. In Figure 3b, the stray field lines, which would
normally extend beyond the electrical insulator 307, are intercepted by the electrotactile
layer 302. As a result, the capacitance associated with the receiver electrode 310 is
relatively small before a touch input has been provided. When the user’s finger 305 (or
stylus) is then brought into proximity of the sensor, the capacitance associated with the
transmitter electrode 309 increases, but the decrease in capacitance associated with the
receiver electrode 310 (which is used to determine whether or not a touch input has
occurred) is negligible. This is depicted by a single field line between the transmitter 309
and receiver 310 electrodes before and during the touch input. The electrotactile layer

has a similar effect on the vertically-arranged sensor of Figure 3c.

Capacitive cross-coupling can also lead to accidental triggering of other sensors 412 in
the array when a touch input is applied to a first sensor 411. Figures 4a-4c illustrate how
a plurality of touch sensors 411, 412 should operate under normal conditions (i.e. in the
absence of an electrotactile layer). In Figure 4a, the user’s finger/stylus 405 causes an
increase in capacitance at one of the self-capacitive sensors 411, but not the others 412.

As a result, the system detects a touch input at this sensor 411 only (i.e. the state
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switches from “off” to “on”). A similar scenario occurs with the mutually-capacitive touch
sensors in Figures 4b and 4c, where the user’s finger/stylus reduces the capacitance at
the receiver electrode 410 of the right-hand sensor 411 but not at the receiver electrode
410 of the other sensor(s) 412.

Figures 5a-5c¢ illustrate the effect of adding an electrotactile layer 502 to each of the
different sensor arrays. When the user’s finger/stylus 505 is brought into proximity of the
right-hand sensor 511 in each case, the capacitance associated with this sensor 511
varies as expected. However, since each of the sensors 511, 512 are cross-coupled to
the electrotactile layer 502, the capacitance associated with the other sensors 512 also
varies. In this way, a single touch input applied to one sensor 511 can also affect the
state of the other sensors 512 (i.e. each sensor switches from the “off” state to the “on”
state). In a touchscreen device, this problem may manifest itself as unintentional

selection of onscreen content.

Another problem encountered when capacitive touchscreen and electrotactile technology
is integrated within the same device is that the electrotactile layer can induce charges on
the capacitive touch sensors when the electrotactile layer is in the “on” state (i.e. when a

potential is applied to the electrotactile layer to provide haptic feedback).

Figure 6 shows the capacitive cross-coupling between the electrotactile layer 602 and a
self-capacitive touch sensor 606 when the electrotactile layer 602 is in the “off” state and
‘on” state, respectively. In the “off’ state, the electrotactile layer 602 is at a floating
potential which is less than the potential applied to the underlying sensor 606 (10V in this
example). In this configuration, the sensor 606 induces charge on the electrotactile layer
602 as a result of the capacitive cross-coupling (illustrated by the electric field lines 608

from the sensor 606 to the electrotactile layer 602).

When the electrotactile layer 602 is in the “on” state, however, a potential (40V in this
example) is applied to the electrotactile layer 602 to provide haptic feedback to a user,
which is typically greater than the potential applied to the underlying sensor 606 (10V in
this example). In this configuration, the electrotactile layer 602 induces charge on the
sensor 606 as a result of the capacitive cross-coupling (illustrated by the electric field lines
608 from the electrotactile layer 602 to the sensor 606). As a result of this charge
transfer, the sensor 606 is incapable of inducing charge on a finger/stylus and therefore

detecting a touch input. Furthermore, as a result of the large potential applied to the
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electrotactile layer 602 (relative to that applied to the sensor 606), the magnitude of
charge induced on the sensor 606 can potentially damage the integrated circuit (IC) of the
capacitive touch sensor 606. The same problems exist when horizontally or vertically
arranged mutually-capacitive touch sensors (shown in Figures 2b and 2c¢) are used

instead of self-capacitive touch sensors 606.

The present apparatus addresses the above-mentioned issues by using the same
electrode(s) for detecting touch inputs and for providing haptic feedback. In other words,
the electrodes which form the capacitive touch sensors also double as electrotactile
elements. By using the sensor electrodes to provide haptic feedback, there is no
additional conductive layer in proximity to the electrodes, and therefore no capacitive
cross-coupling. Since only one set of electrodes is required, a device comprising this
apparatus may be less complicated and less expensive to manufacture than those
comprising separate sensor and electrotactile components. Furthermore, because each
layer of material increases the rigidity of the apparatus, removing the need for a separate
electrotactile layer is useful when the apparatus is to be incorporated into a flexible
touchscreen, as it enables the thickness of the other layers to be increased for improved

durability without preventing flexing of the touchscreen.

To achieve this functionality, each electrode is configured to be placed in a first or second
state such that, in the first state, the electrode is configured for the detection of a touch
input, and in the second state, the electrode is configured for the provision of haptic
feedback. The electrode may be placed in the second state whenever haptic feedback is

required, and be placed in the first state whenever haptic feedback is not required.

Figure 7a shows an array of electrodes 706 operating as self-capacitive touch sensors
(i.e. placed in the first state). In this state, a potential (10V in this example) is applied to
the electrodes 706. When a user’s finger/stylus 705 is brought into proximity of an
electrode 706, it couples capacitively to the electrode 706 causing a variation in the
electrode capacitance. If the change in capacitance is above a predetermined threshold
value, a touch input is registered. Figure 7b shows the same array of electrodes 706
shown in Figure 7a operating as electrotactile elements (i.e. placed in the second state).
In this state, an electrotactile signal is applied to the electrodes 706. As will be described
in more detail with reference to Figure 10, the electrotactile signal consists of a series of
voltage pulses (i.e. a periodic potential). Typically, the voltage pulses have amplitudes

(40V in this example) greater than the voltage applied to a capacitive touch sensor (10V in
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this example). When the user’s finger/stylus 705 is in proximity to an electrode 706, the

voltage pulses create vibrations in the finger/stylus 705 which are felt by the user.

Similar functionality may be achieved using the transmitter electrodes 809, 909 of a
horizontally or vertically arranged mutually-capacitive touch sensor as shown in Figures 8
and 9, respectively. In Figures 8a and 9a, a potential of 10V is applied to the transmitter
electrode 809, 909 of each sensor whilst the receiver electrode 810, 910 is grounded. As
described previously, the transmitter electrode 809, 909 couples capacitively to the
receiver electrode 810, 910 (illustrated by the electric field lines 808, 908 extending
therebetween). When a user’s finger/stylus 805, 905 is in proximity to a sensor, it couples
capacitively to the transmitter electrode 809, 909 causing a variation in the receiver
electrode capacitance. As with self-capacitive touch sensors, the change in capacitance
is registered as a touch input if it exceeds a predetermined threshold value. On the other
hand, when the transmitter electrode 809, 909 of each sensor is placed in the second
state, a periodic potential is applied to the transmitter electrode 809, 909 to generate

vibrations in the user’s finger/stylus 805, 905 (Figures 8b and 9b).

In the examples shown in Figures 7b-9b, the 40V electrotactile signal is applied to each
electrode 706 in the array (each transmitter electrode 809, 909 in Figures 8b and 9b). In
some situations, however, this may be unnecessary. For example, haptic feedback may
be provided in response to the detection of a touch input as a confirmation that said touch
input has been detected. In this scenario, the electrotactile signal need only be applied to
the electrode that detected the touch input (i.e. the right-hand electrode in Figures 7b-9b).
Providing the electrotactile signal to the other electrodes therefore unnecessarily
increases the power consumption of the system. To address this issue, each electrode
may be independently controlled such that the state of one electrode is independent of the
state of the other electrodes. In this way, one electrode may be used to provide haptic
feedback whilst the other electrodes are being used to detect touch inputs. This feature is
not absolutely necessary, however, and the electrodes may be configured to be placed in

the same state at the same time, if required.

Figure 10 shows an example of a typical electrotactile signal. The signal comprises a
train of short, sharp pulses 1013 (with an amplitude V, and a typical duration t; of 10-
50us) which are grouped together to form a basic pulse 1014 (with an amplitude V, and a
typical duration t; of 0.5-2ms). The frequency of the basic pulses 1014 is what determines

the perceived frequency of vibration in the haptic feedback.
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Measurement circuits for existing capacitive touch sensor arrays are capable of scanning
the array (to determine whether a touch input has been applied or not) at a frequency of
up to 1200Hz, possibly higher. Therefore, if the frequency of the basic electrotactile
pulses 1014 is set to 10-500Hz, there is a sufficient time window T for the measurement
circuit to detect a touch input between voltage pulses. For example, if the basic
electrotactile pulses 1014 have a frequency of 10Hz, the measurement circuit could scan
the electrodes up to 120 times in the time period (T). In this way, as well as being used to
detect touch inputs whenever haptic feedback is not required, the electrodes may also be
used to detect touch inputs intermittently during times when haptic feedback is required.
To achieve this, the state of those electrodes being used to provide haptic feedback would

need to be alternated periodically during this time.

The state of each electrode may be controlled using a plurality of switches. Figure 11a
shows one possible circuit diagram for a device comprising an electrode which functions
both as a self-capacitive touch sensor and as an electrotactile element. The electrode
(Cap) forms a capacitor (C1) with a user’s finger/stylus, and the circuit comprises three

switches (SW1-SW3) which are operated simultaneously as follows:

To place the electrode in the first state, switches SW1, SW2 and SW3 are set to “low”,
‘low”, and “high”, respectively (although switch SW2 could be left floating rather than
being grounded). In this configuration, the electrode is connected to a sensor module.
The sensor module comprises a sensor power supply, a sensor control circuit, and a
sensor measurement circuit, and is used to operate the electrode as a sensor. The
sensor power supply is configured to apply a voltage to the electrode, the sensor control
circuit is configured to control the voltage applied to the electrode, and the sensor
measurement circuit is configured to measure the capacitance of the electrode and
determine whether or not a touch input has occurred (e.g. by comparing the measured

capacitance or measured change in capacitance with a predetermined threshold value).

To place the electrode in the second state, switches SW1, SW2 and SW3 are set to “hi”,
“hi”, and “low”, respectively (although switch SW3 could be left floating rather than being
grounded). In this configuration, the electrode is connected to an electrotactile module.
The electrotactile module comprises an electrotactile power supply, an electrotactile
control circuit, and a stylus ground, and is used to operate the electrode as an

electrotactile element. The electrotactile power supply is configured to apply a voltage to
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the electrode, the electrotactile control circuit is configured to control the voltage applied to
the electrode (e.g. the amplitude, frequency, duration and/or polarity of the electrotactile
signal), and the stylus ground is configured to ground the user/stylus when the user/stylus
is in proximity to the electrode. The stylus ground is not absolutely necessary in order to
feel the haptic feedback (because the user will act as a ground), but it may enhance the

sensation.

It may be necessary (or at least advantageous) to discharge the electrode between states,
otherwise residual charge on the electrode from the previous operation might adversely
affect the performance of the electrode during the subsequent operation. For example, if
the electrode was previously being used to provide haptic feedback then it may comprise
a large amount of surface charge as a result of the (relatively large) voltage that was
applied to the electrode by the electrotactile power supply. If the electrode is then
required to function as a capacitive touch sensor, the capacitance of the electrode may
exceed the measuring range of the sensor measurement circuit as a result of the surface
charge, which could potentially damage the measurement circuit. To discharge the
electrode, switches SW1, SW2 and SW3 may each be set to “low”. In this configuration,

the electrode is connected to ground.

Figure 11b shows a similar circuit diagram for a device comprising an electrode which
functions both as the transmitter electrode of a mutually-capacitive touch sensor, and as
an electrotactile element. In this case, the electrode (Tx) forms one capacitor (C1) with a
receiver electrode (Rx) of the sensor, and another capacitor (C2) with the user’s
finger/stylus. The circuit comprises four switches (SW1-SW4) which are operated

simultaneously as follows:

To place the electrode in the first state, switches SW1 and SW2 are set to “low”, and
switches SW3 and SW4 are set to “hi” (although switch SW2 could be left floating rather
than being grounded). In this configuration, the electrode is connected to a sensor
module (described above). To place the electrode in the second state, switches SW1 and
SW2 are set to “hi”, and switches SW3 and SW4 are set to “low” (although switches SW3
and SW4 could be left floating rather than being grounded). In this configuration, the
electrode is connected to an electrotactie module (described above). In order to
discharge the electrode between states, switches SW1-SW4 may each be set to “low”.

This latter configuration also causes the receiver electrode (Rx) to discharge.
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The circuit diagrams of Figures 11a and 11b show connections to a single sensor.
However, the same principles may be applied to an array of sensors. This can be
accomplished by multiplexing (not shown) the connection between switch SW1 and the
electrode (Cap) in Figure 11a, and by multiplexing (not shown) the connection between
switch SW1 and the transmitter electrode (Tx), and the connection between switch SW4

and the receiver electrode (Rx), in Figure 11b.

Generally speaking, the capacitance of a parallel plate capacitor (shown in cross-section
and plan view in Figures 12a and 12b, respectively) comprising two electrically conductive

plates 1215 separated by a dielectric material 1216 is given by

C=¢oe,A/d Equation 1

where ¢y is the permittivity of free space, ¢, is the relative permittivity of the dielectric
material, A (w x |) is the area of each plate 1215, and d is the thickness of the dielectric
material 1216. Also, the power consumption (P) associated with such a capacitor is given
by

P=VC Equation 2

where Vy is the potential difference between the two plates 1215, f is the frequency of

operation, and C is the capacitance.

The thickness, di, of the electrically insulating material 1316 used to separate the
electrode 1302 of an electrotactile system (Figure 13a) and the user’s finger/stylus 1305
must be small enough to enable detectable vibrations in the user’s finger/stylus 1305 to be
generated. In general, the thickness of the electrically insulating material 1316 must be
decreased if the applied potential is decreased. In order to generate detectable vibrations
in the user’s finger/stylus 1305 at 40V, the electrode 1302 and finger/stylus 1305 must be
separated by an electrically insulating material 1316 with a thickness on the order of 1um

or less.

In contrast, the electrodes 1306 of existing capacitive touch sensors are typically spaced
from the user’s finger/stylus 1305 (Figure 13b) by an electrically insulating material 1316
with a thickness on the order of 1mm or greater. This is because the sensor measuring

circuit has an upper limit on the capacitance that can be detected.
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Since the electrodes of the present apparatus are being used as capacitive touch sensors
and as electrotactile elements, the thickness of the electrically insulating material is an
important consideration. On one hand, if the insulator has a thickness on the order of
1mm, the voltage of the electrotactile signal must be dramatically increased otherwise the
electrode will be unable to produce vibrations in the user's finger/stylus which are
detectable by the user. However, this would dramatically increase the power consumption
of the device, which may be unacceptable for some portable electronic devices. On the
other hand, if the insulator has a thickness on the order of 1um, the capacitance
associated with the electrode will increase beyond the limit of existing sensor

measurement circuits, and may even damage the measurement circuit.

To address this issue, the upper surface area (A) of the electrodes may be reduced such
that the capacitance of the electrodes can be kept within the range of the sensor
measuring circuit even when the thickness of the insulator is less than 1mm (given that
the capacitance is proportional to the electrode area and inversely proportional to the
thickness of the insulator according to Equation 1). In practice, this may be achieved by
forming the electrodes from a mesh 1417 of material (Figure 14a) or from a plurality of
intersecting strips 1418 of material (Figure 14b). With this configuration, the electrodes
are formed at the junctions of the mesh/strips (as highlighted by the dashed circles 1419),
and the widths of the strips 1417, 1418 are chosen to minimise the area of each junction
(and therefore electrode). The vertical strips of this configuration also serve as the drive
lines used to carry current to and from the sensor electrodes, whilst the horizontal strips

serve as the sense lines used to read out the state of each electrode.

The widths of the strips 1417, 1418 will also depend on the materials used to form the
strips, and the (node) capacitance between the drive and sense lines (which will typically
be between 0.05Pf and 2Pf). Calculations have shown, for example, that for a 1um thick
layer of insulator (with a dielectric permittivity of 3) and a node capacitance of 0.6pF, a
strip width of 150um is acceptable. However, this width would be too small to carry the
electrical signals if a material with high sheet resistivity (such as indium tin oxide) was
used. On the other hand, if copper was used to form the strips 1417, 1418, this width
would be too large because the strips 1417, 1418 would be visible to the human eye
(which is unsuitable for touch sensitive displays in which the electrodes and drive/sense

lines should be optically transparent to the user). A more appropriate width for copper
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would be 1-3um, which could be achieved by forming each strip 1417, 1418 as a sub-

mesh.

The electrodes may be made from one or more of the following materials: gold, silver,
copper, carbon, graphene, zinc oxide, indium tin oxide, and vanadium oxide.
Furthermore, when a mesh or intersecting strips are used to form the electrodes, the
mesh/strips may be made from a thin film of material, or from a network of nanowires,
nanotubes or nanoribbons (e.g. silver, carbon, zinc oxide or graphene

nanowires/nanotubes/nanoribbons).

The glaborous skin of the human hand is populated with mechanoreceptors for the
detection of texture. The most densely populated regions of mechanoreceptors in the
hand are the fingertips, which allow two objects to be differentiated when spaced only 1-
2mm apart. This is considered to be the maximum resolution of human fingertips for
texture sensing, and therefore the absolute minimum spacing required by the electrodes
of an electrotactile system (because it enables the simulation of all detectable textures).
In this respect, the spacing between adjacent electrodes (i.e. the spacing between
adjacent junctions when a mesh 1417 or intersecting strips 1418 are used) in the present
apparatus may be at least 1mm (i.e. a smaller spacing provides no advantage in relation

to haptic feedback).

It will be appreciated that physical contact between the user’s finger/stylus and the device
(e.g. touchscreen) may not necessarily be required to provide for touch input or haptic
feedback. This is because the electrode couples capacitively to the finger/stylus via an
electric field (i.e. action at a distance). Therefore, hovering the finger/stylus over the
device may result in a touch input/haptic feedback. Also, the same power supply may be
used to power the electrode (i.e. appropriately configured to provide the required voltages
and perform the corresponding functions) when it is being used to detect touch input as

well as when it is being used to provide haptic feedback.

Figure 15 illustrates schematically a device 1520 comprising the apparatus 1521
described herein. The device 1520 also comprises a processor 1522, a storage medium
1623, a sensor module 1524, and an electrotactile module 1525, which are electrically
connected to one another by a data bus 1526. The device 1520 may be an electronic

device, a portable electronic device, a portable telecommunications device, a touchscreen
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display for any of the aforementioned devices, or a module for any of the aforementioned

devices.

The apparatus 1521, together with the processor 1522 and storage medium 1523, is
configured to detect a touch input by a user of the device 1520 or provide haptic feedback
to the user depending on the state of the electrode(s) as controlled by the apparatus. The

haptic feedback may be in response to a detected touch input.

The processor 1522 is configured for general operation of the device 1520 by providing
signalling to, and receiving signalling from, the other device components to manage their
operation. In particular, the processor 1522 is configured to control the state of each
electrode of the apparatus 1521 (e.g. by operating the switches as described previously).

In other embodiments, the processor may be dedicated for control of the electrode states.

The sensor module 1524 comprises a sensor power supply, a sensor control circuit, and a
sensor measurement circuit, and is used to operate the electrode as a sensor. The
sensor power supply is configured to apply a voltage to the electrode, the sensor control
circuit is configured to control the voltage applied to the electrode, and the sensor
measurement circuit is configured to measure the capacitance of the electrode and
determine whether or not a touch input has occurred (e.g. by comparing the measured

capacitance or measured change in capacitance with a predetermined threshold value).

The electrotactile module 1525 comprises an electrotactile power supply, an electrotactile
control circuit, and a stylus ground, and is used to operate the electrode as an
electrotactile element. The electrotactile power supply is configured to apply a voltage to
the electrode, the electrotactile control circuit is configured to control the voltage applied to
the electrode (e.g. the amplitude, frequency, duration and/or polarity of the electrotactile
signal), and the stylus ground is configured to ground the user/stylus when the user/stylus
is in proximity to the electrode. The stylus ground is not absolutely necessary in order to
feel the haptic feedback (because the user will act as a ground), but it may enhance the

sensation.
The storage medium 1523 is configured to store computer code configured to perform,

control or enable operation of the apparatus 1521. The storage medium 1523 may also

be configured to store settings for the other device components. The processor 1522 may
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access the storage medium 1523 to retrieve the component settings in order to manage

the operation of the other device components.

In particular, the storage medium 1523 may be configured to store the operation voltages
of the electrodes for detecting touch inputs and for providing haptic feedback, and/or the
predetermined capacitance thresholds for determining whether or not a touch input has
been applied. The sensor 1524 and electrotactile 1525 modules may access the storage
medium 1523 to retrieve the operation voltages. The sensor module 1524 may also
compare the present capacitance of each sensor with the predetermined threshold to
determine if a touch input has occurred. This may involve averaging the signals from
multiple sensors to detect touch inputs that do not coincide with the position of a single
sensor (e.g. the touch input lies between adjacent sensors or spans multiple sensors). In
addition, the processor 1522 may run a corresponding piece of software (also stored in
the storage medium 1523) in response to a detected touch input. The storage medium
1523 may be a temporary storage medium such as a volatile random access memory. On
the other hand, the storage medium 1523 may be a permanent storage medium such as a

hard disk drive, a flash memory, or a non-volatile random access memory.

The main steps 1627-1628 of the method used to operate the apparatus 1521 are

illustrated schematically in Figure 16.

Figure 17 illustrates schematically a computer/processor readable medium 1729 providing
a computer program according to one embodiment. In this example, the
computer/processor readable medium 1729 is a disc such as a digital versatile disc (DVD)
or a compact disc (CD). In other embodiments, the computer/processor readable medium
1729 may be any medium that has been programmed in such a way as to carry out an
inventive function. The computer/processor readable medium 1729 may be a removable

memory device such as a memory stick or memory card (SD, mini SD or micro SD).

The computer program may comprise computer code configured to perform, control or
enable the following: provision of a first state or a second state for an electrode, wherein
in the first state, the electrode is configured for use in the detection of touch input, and in

the second state, the electrode is configured for use in the provision of haptic feedback.

Other embodiments depicted in the figures have been provided with reference numerals

that correspond to similar features of earlier described embodiments. For example,
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feature number 1 can also correspond to numbers 101, 201, 301 etc. These numbered
features may appear in the figures but may not have been directly referred to within the
description of these particular embodiments. These have still been provided in the figures
to aid understanding of the further embodiments, particularly in relation to the features of

similar earlier described embodiments.

It will be appreciated to the skilled reader that any mentioned apparatus/device/server
and/or other features of particular mentioned apparatus/device/server may be provided by
apparatus arranged such that they become configured to carry out the desired operations
only when enabled, e.g. switched on, or the like. In such cases, they may not necessarily
have the appropriate software loaded into the active memory in the non-enabled (e.g.
switched off state) and only load the appropriate software in the enabled (e.g. on state).
The apparatus may comprise hardware circuitry and/or firmware. The apparatus may
comprise software loaded onto memory. Such software/computer programs may be
recorded on the same memory/processor/functional units and/or on one or more

memories/processors/functional units.

In some embodiments, a particular mentioned apparatus/device/server may be pre-
programmed with the appropriate software to carry out desired operations, and wherein
the appropriate software can be enabled for use by a user downloading a “key”, for
example, to unlock/enable the software and its associated functionality. Advantages
associated with such embodiments can include a reduced requirement to download data
when further functionality is required for a device, and this can be useful in examples
where a device is perceived to have sufficient capacity to store such pre-programmed

software for functionality that may not be enabled by a user.

It will be appreciated that any mentioned apparatus/circuitry/elements/processor may
have other functions in addition to the mentioned functions, and that these functions may
be performed by the same apparatus/circuitry/elements/processor. One or more disclosed
aspects may encompass the electronic distribution of associated computer programs and
computer programs (which may be source/transport encoded) recorded on an appropriate

carrier (e.g. memory, signal).

It will be appreciated that any “computer” described herein can comprise a collection of
one or more individual processors/processing elements that may or may not be located on

the same circuit board, or the same region/position of a circuit board or even the same
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device. In some embodiments one or more of any mentioned processors may be
distributed over a plurality of devices. The same or different processor/processing

elements may perform one or more functions described herein.

It will be appreciated that the term “signalling” may refer to one or more signals
transmitted as a series of transmitted and/or received signals. The series of signals may
comprise one, two, three, four or even more individual signal components or distinct
signals to make up said signalling. Some or all of these individual signals may be
transmitted/received simultaneously, in sequence, and/or such that they temporally

overlap one another.

With reference to any discussion of any mentioned computer and/or processor and
memory (e.g. including ROM, CD-ROM etc), these may comprise a computer processor,
Application Specific Integrated Circuit (ASIC), field-programmable gate array (FPGA),
and/or other hardware components that have been programmed in such a way to carry

out the inventive function.

The applicant hereby discloses in isolation each individual feature described herein and
any combination of two or more such features, to the extent that such features or
combinations are capable of being carried out based on the present specification as a
whole, in the light of the common general knowledge of a person skilled in the art,
irrespective of whether such features or combinations of features solve any problems
disclosed herein, and without limitation to the scope of the claims. The applicant indicates
that the disclosed aspects/embodiments may consist of any such individual feature or
combination of features. In view of the foregoing description it will be evident to a person
skilled in the art that various modifications may be made within the scope of the

disclosure.

While there have been shown and described and pointed out fundamental novel features
as applied to different embodiments thereof, it will be understood that various omissions
and substitutions and changes in the form and details of the devices and methods
described may be made by those skilled in the art without departing from the spirit of the
invention. For example, it is expressly intended that all combinations of those elements
and/or method steps which perform substantially the same function in substantially the
same way to achieve the same results are within the scope of the invention. Moreover, it

should be recognized that structures and/or elements and/or method steps shown and/or
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described in connection with any disclosed form or embodiment may be incorporated in
any other disclosed or described or suggested form or embodiment as a general matter of
design choice. Furthermore, in the claims means-plus-function clauses are intended to
cover the structures described herein as performing the recited function and not only
structural equivalents, but also equivalent structures. Thus although a nail and a screw
may not be structural equivalents in that a nail employs a cylindrical surface to secure
wooden parts together, whereas a screw employs a helical surface, in the environment of

fastening wooden parts, a nail and a screw may be equivalent structures.
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Claims

1. An apparatus comprising at least one processor and at least one memory
including computer program code, the at least one memory and the computer program
code configured to, with the at least one processor, cause the apparatus at least to
provide a first state or a second state for an electrode, wherein in the first state, the
electrode is configured for use in the detection of touch input, and in the second state, the

electrode is configured for use in the provision of haptic feedback.

2. The apparatus of claim 1, wherein, in the first state, the electrode serves as part of
a capacitive touch sensor, and wherein the apparatus is configured to provide the first
state by applying a potential to the electrode and monitoring the capacitance associated

with the capacitive touch sensor.

3. The apparatus of claim 2, wherein the electrode serves as part of a self-capacitive
touch sensor, and wherein the apparatus is configured to provide the first state by

applying a potential to the electrode and monitoring the capacitance of the electrode.

4. The apparatus of claim 2, wherein the electrode serves as a transmitter electrode
of a mutually-capacitive touch sensor, and wherein the apparatus is configured to provide
the first state by applying a potential to the transmitter electrode and monitoring the

capacitance of a receiver electrode of the mutually-capacitive touch sensor.

5. The apparatus of claim 1, wherein the apparatus is configured to provide the
second state by applying a periodic potential to the electrode and controlling one or more

of the amplitude, frequency, duration and polarity of the periodic potential.

6. The apparatus of claim 1, wherein the apparatus is configured to discharge the
electrode between providing the first state and providing the second state, and/or between

providing the second state and providing the first state.
7. The apparatus of claim 1, wherein the apparatus is configured to provide the

second state when haptic feedback is required, and provide the first state when haptic

feedback is not required.
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8. The apparatus of claim 1, wherein the apparatus is configured to provide the
second state in response to a touch input being detected to provide haptic feedback

associated with the touch input.

9. The apparatus of claim 1, wherein the apparatus is configured to repeatedly switch
between providing the first state and providing the second state during a period when

touch input is required to be detected.

10. The apparatus of claim 1, wherein the apparatus is configured to repeatedly switch
between providing the first state and providing the second state during a period when

haptic feedback is required to be provided.

11. The apparatus of claim 1, wherein the apparatus is configured to switch between

providing the first state and providing the second state using one or more switches.

12. The apparatus of claim 11, wherein, in the first state, the one or more switches
connect the electrode to a sensor module, and in the second state, the one or more

switches connect the electrode to an electrotactile module.

13. The apparatus of claim 12, wherein the sensor module comprises one or more of a
sensor power supply, a sensor control circuit and a sensor measurement circuit, and the
electrotactile module comprises one or more of an electrotactile power supply, an

electrotactile control circuit and a stylus ground.

14. The apparatus of claim 1, wherein the apparatus is configured to provide a first
state or a second state for a plurality of electrodes, wherein in the first state, the
electrodes are configured for use in the detection of touch input, and in the second state,
the electrodes are configured for use in the provision of haptic feedback.

15. The apparatus of claim 1, wherein the apparatus comprises the electrode.

16. The apparatus of claim 1, wherein the electrode is formed by the junction of two or

more intersecting strips of material.
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17. The apparatus of claim 1, wherein the apparatus is one of the following: an
electronic device, a portable electronic device, a portable telecommunications device, a
touchscreen display for any of the aforementioned devices, and a module for any of the

aforementioned devices.
18. A device comprising the apparatus of claim 1.
19. A method, the method comprising:
providing a first state or a second state for an electrode, wherein in the first state,
the electrode is configured for use in the detection of touch input, and in the second state,

the electrode is configured for use in the provision of haptic feedback.

20. A computer program, recorded on a carrier, the computer program comprising

computer code configured to perform the method of claim 19.
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