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(57) Abstract: A sensor includes an insulating support detining a front side; a membrane arranged on the front side of the support,
the membrane including at least one layer including a pattern of electrically conductive material; at least one capacitance measur-
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Desgcription

[Title]
Sensor, display including a sensor, and method for using a
sensor

[Technical Field]

The present invention relates to sensors, disgplays including
senscrs and methods for using sensors. The sensors may be
used in user interfaces and man-machine interfaces for

controlling various devices,

[Background]

Touch sensors are known in the art for controlling devices
through a user interface or man-machine interface. Touch
senscors may work by reacting to the capacitance introduced by
a user’'s finger, or to a change in capacitance caused by the

presence of a user’s finger.

The front view of an exemplary capacitive touch panel is
schematically illustrated in Fig. 6. It includes two layers,
a layver labelled “1” and a layer labelled “2". The capacitive
compenents of layer “1” are connected to each other
vertically. The capacitive components of layer “2” are
connected to each other horizontally. Layer labelled ™37 is
an insulating plane. This provides a matrix structure
enabling to obtain the X and Y coordinates of the location
where a user touches the display. It also enables so-called
multitouch applicationsg, i.e. applications wherein the users

can control graphical applications with more than one finger.

The above-described layers of the exemplary touch panel may
include indium tin oxide {(ITO).

It is desirable to provide improved sensors, displays and
methods to notabkly allow more flexibility in the operation of
user interfaces.
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[Summazry]

Such sensorsg, displays and methods are defined in the
independent claims. Advantageous embodiments are defined in
the dependent claims.

In one embodiment of the invention, a sensor includes an
insulating support defining a front side; a membrane arranged
on the front side of the support, the membrane including at
least one layer including a pattern of electrically
conductive material; at least one capacitance measuring unit
configured for measuring a capacitance between at least a
pcrtion of the pattern of one of the at least one layer and
its surrounding environment; and at least one resistance
measuring unit configured for measuring a resistance between
a pair of points of the pattern of one of the at least one

laver.

In one embodiment, the electrically conductive material is
indium tin oxide (ITO). ITO is advantageous since an ITO film
structure 1s already present for implementing the capacitive
touch capability in some display panels. Such an ITO
structure may therefore be reused, without or without much
design alteration. However the invention is not limited to a
pattern of ITO. Other electrically conductive materials with
similar characteristics may be used. Although, in the
following description, it is referred to ITO, it must be
undergtood that ITO can always be replaced by other
electrically conductive materials with similar

characteristics.

ITO may be used for displays. It is a transparent conducting
material which may be used in thin ccating form. As a
cecating, it may be deposited by methods such as electron beam

evaporation or a range of sputtering techniques.

ITO is electrically conductive and has piezoresistive
properties. A force exerted by a user’s finger, hand or other

object can therefore be detected and measured by monitoring
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the change in resistance of the ITO pattern in a layer. For
plezoresistive materials, the change in resistance due to a
contraction is around one hundred times the change for normal
metals. This effect does not depend on changes in length and
area. Touch and release, or drag and drop applications for
instance may therefore be implemented with a simple

configuration.

Here, indium tin oxide (ITO) is defined as a solid solution
including indium(III) oxide {(In,0;) and tin(IV} oxide (Snos,).
In one embodiment, the IT0 includes between 85 and 95% In,O,,
and between 7 and 13% Sn0O; by weight. In one embodiment, the
ITO includes between 88 and 92% In,0,, and between 8 and 12%
Sno, by weight.

In one embodiment, the membrane is made of a resilient
material. Thus, the sensor may be used repetitively, wherein
the same shape or substantially the game shape is recovered

between each interaction.

In one embodiment, the sensor is such that the at least one
capacitance measuring unit is configured to detect the
presence of a finger, hand or other object on the sensor or
in the wvicinity thereof; and the at least one resistance
measuring unit is configured to detect whether a force is

exerted by the finger, hand or other object on the sensor.

Therefore, more parameters may be used to control a device
through a user interface. Whether a finger, hand or other
object is merely present on the sensor or in the vicinity
thereof or whether the finger, hand or other object is
exerting a force can therefore be used as an input parameter
of the user interface. In one embodiment, detecting whether a
force is exerted by the finger, hand or other object on the
sensor means detecting that a force larger than a threshold
value is exerted by the finger, hand or other object on the

Sensoxr.
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In one embodiment, the sensor is such that the at least one
capacitance measuring unit is configured to detect the
presence of a finger, hand or other object on the sensor or
in the vicinity therecf; and the at least one resistance
measuring unit is configured to estimate the force exerted by
the finger, hand or other object on the sensor.

Therefore, yet more parameters may be used to control a
device through a user interface. Namely the value of the
force exerted by the finger, hand or other object on the
gensor may also be used as an input parameter of the user
interface., In one embodiment, the value of the force ig
expressed in newton. In one embodiment, the value of the
force is expressed in percentage change compared tc a

reference value.

In one embodiment, the sensor i1s such that the at least one
capacitance measuring unit includes a first capacitance
measuring unit configured for measuring a capacitance between
a first portion of the pattern of one of the at least cne
layer and its surrounding environment, and a second
capacitance measuring unit configured for measuring a
capacitance between a second portion of the pattern of one of
the at least one layer and its surrounding environment. In
this embodiment, the sensor is further such that the at least
one resistance measuring unit includes a first resistance
measuring unit configured for measuring a resistance between
a pair of points of the first portion of the pattern of one
of the at least one layer, and a second resistance measuring
unit configured for measuring a resistance between a pair of
points of the second portion of the pattern of one cf the at

least one layer.

With the configuration of this embodiment, the presence of a
finger, hand or other object, its posgition and the force
exerted thereby may be used as controlling parameters of a

user interface.,
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In one embodiment, the gensor 1s such that the at least one
capacitance measuring unit is configured to detect the
presence of a finger, hand or other object on the sensor or
in the wvicinity thereof and to estimate the position of the
finger, hand or other object on the sensor; and the at least
one resistance measuring unit is configured to detect whether
a force is exerted by the finger, hand or other object on the

BENnsor.

If the finger, hand or other cbject is not placed on the
sensor but is only in the vicinity thereof, the position of
the finger, hand or other object on the sensor may mean, in
one embodiment, an estimation of the point on the sensor

which is the closest cne to the finger, hand or other object.

In one embodiment, the sensor is such that the at least one
capacitance measuring unit is configured to detect the
presence of a finger, hand or other cbject on the sensor or
in the vicinity therecf and to estimate the position of the
finger, hand or other ocbject on the sensor; and the at least
one resistance measuring unit is configured to estimate the
force exerted by the finger, hand or other object on the

sensor.

In one embodiment, the sensor is configured so that one
resistance measuring unit is activated when one capacitance
measuring unit indicates a change of capacitance exceeding a
threshold value. This has the advantage of saving power by
not permanently activating the resistance measuring unit. The
resistance measurement unit does not need to start until an
interrupt from the capacitance measurement unit has indicated

the presence cf a user’s finger, hand or other cbject.

In one embodiment, the sensor is configured so that the
capacitance measurements and the resistance measurements are
performed one after the other in seguence. That is, when the
capacitance measurement units and resistance measurement

units are simultaneously active, capacitance measurements are
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carried out at time £ = 0, resistance measurements are
carried out at time t = 1, new capacitance measurements are
carried out at time t = 2, and so on. In other words, the

capacitance and resistance measurements are multiplexed. This
prevents interference from occurring. In ancther embodiment,
separate areas of the membrane are used for the capacitance

and resistance measurements respectively.

The invention also relates to a display including a sensor as
described above. The gensor membrane is, in one embodiment,
arranged somewhere between the actual active display surface
and the cuter display surface. In one embodiment, there is no
air gap between the sensor membrane and the outer display
surface. In this embodiment, the succession of layers in the
display (stack configuration) may include for instance: (1)}
actual active display surface, (2) air gap, (3) sensor
membrane, (4) glue or tape, and (5) outer display surface (or
so-called outer window); or (1) actual active display
surface, (2) glue or tape, (3) sensor membrane, (4) glue or
tape, and (5) outer display surface. The absence of air gap
between the sensor membrane and the outer display surface
improves the sensitivity for capacitive measurements. In
addition, the smaller the distance between the finger and the
sengor membrane, the larger the absolute capacitance obtained
when there is a finger on the outer display surface, and the
larger the “delta finger”, i.e. the difference between the
capacitance value obtained when there is a finger and when
there is none.

The senscr membrane is, in one embodiment, arranged somewhere
between the actual active display surface and the outer
display surface, and is not arranged on the outer display
surface where it could be in direct contact with a finger.
This configuration prevents or reduces the risk of wearing

the sensor membrane.

The sensor 1is, in one embodiment, transparent. Thus, the

pregence of a finger, hand or other object on the display can
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be detected; the position of the finger, hand or other cbiject
on the display can be estimated {(if more than one capacitance
measuring units are provided), whether a force is exerted by
the finger, hand or other object on the display can be
detected; and the force exerted by the finger, hand or other
cbhbject on the display can be also estimated.

The invention also relates to a method of using a sensor as
described above, the method including steps of outputting a
signal indicating the presence of a finger, hand or other
object on the sensor or in the vicinity thereof; and
outputting a signal indicating whether a force is exerted by
the finger, hand or other object on the sensor.

The invention also relates to a method of using a sensor as
described above, the method including steps of outputting a
gsignal indicating the presence of a finger, hand or cther
ocbject on the sensor or in the vicinity thereof; and
cutputting a signal indicating the force exerted by the

finger, hand or other object on the sensor.

The invention alsc relates to a method of using a gsensor as
described above, the method including steps of outputting a
signal indicating the presence of a finger, hand or other
object on the senscr or in the vicinity thereof; outputting a
signal indicating whether a force is exerted by the finger,
hand or other object on the sensor; and cutputting a signal
indicating an estimation of the two-dimensional position of
the finger, hand or cother object on the sensor.

The invention alsc relates to a method of using a sensor as
described above, the method including steps of outputting a
gignal indicating the presence of a finger, hand or other
object on the sensor or in the wvicinity thereof; outputting a
signal indicating the force exerted by the finger, hand or
other object on the sensor; and outputting a signal
indicating an estimation of the two-dimensional position of
the finger, hand or other object on the =ensor.
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In one embodiment, the method further includes ocutputting a
signal indicating an estimation of the three-dimensional
position of the finger, hand or other object on the sensor,
based on the signal indicating an estimation of the two-
dimensional position cf the finger, hand or other object on
the sensor, which provides cocordinates x and y; and the
signal indicating an estimation of the force exerted by the
finger, hand or other object on the sensor, which provides
coordinate z; wherein coordinates x and y correspond tc two
distinct directions along the surface of the sensor and
coordinate z corresponds a direction perpendicular to the
surface of the sensor.

In one, embodiment the membrane is plane or substantially
plane. In another embodiment, the membrane is not plane, but
curved. In this embodiment, cocrdinates x, vy may be along
directions which are tangent to the membrane locally. The
coordinate z may be along the direction which is
perpendicular to the direction corresponding to the
coordinates x, y at one point. Coordinates x, y, 2z may

therefore be local coordinates.

As mentioned above, in the invention ITO can be replaced by
other electrically conductive materials with similar
characteristics. In one embodiment, an electrically
conductive material with similar characteristics as ITO means
an electrically conductive material having a negative room-
temperature gage factor (the gage factor being defined for
instance in 8.E. Dyer, 0.J. Gregory, P.S. Amons and A. Bruins
Slot, Preparation and piezoresistive properties of reactively
sputtered indium tin oxide thin films, Presented at the 22nd
International Conference on Metallurgical Coatings and Thin
Films (ICMCTF 1995), San Diegc, CA, April 24-28, 1995,
section “1. Introduction”, eguation {2)). In sub-embodiments,
an electrically conductive material with similar

characteristics as ITO means an electrically conductive
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material having a room-temperature gage factor comprised
between one of -2 and -1000; -4 and -1000; and -6 and -1000.

In particular, transparent conductive oxides (TCO),
conductive polymers, and conductive carbon nanotubes are
candidates for replacing ITO. Materials which can be formed
as a thin film (e.g. by deposition), and with a large

piezoresistive response are preferred.

[Brief description of the drawings]
Embodiments of the present invention shall now be described,

in conjunction with the appended figures, in which:

Fig. 1 schematically illustrates a sensor in one embodiment

of the inventiocn;

Fig. 2 schematically illustrates a sensor in one embodiment
of the inventicn, wherein the sensor includes more than one
capacitance measuring unit and more than one resistance

measuring unit;

Fig. 3 schematically illustrates a sensor in one embodiment
of the inventicn, wherein ITO patterns are arranged on more

than one layer;

Fig. 4 schematically illustrates the front side of a sensor

in one embodiment of the invention;

Fig. 5 is a circuit diagram of a Wheatstone bridge which is
used, in one embodiment, to implement the resistance

meaguring unit; and
Fig. 6 schematically illustrates a capacitive touch panel.

[Detailed description]
The present invention shall now be described in conjunction
with specific embodiments. It may be noted that these

specific embodiments serve to provide the skilled person with



10

15

2h

30

35

WO 2010/091744 10 PCT/EP2009/060325

a better understanding, but are not intended toc in any way
restxict the scope of the invention, which is defined by the

appended claims.

Fig. 1 schematically illustrates a sensor in one embodiment
of the invention. The sensor 100 includes an insulating
support 102 defining a front side 104. A membrane 106 is
arranged on the front side 104 of the insulting support 102.
The membrane 106 includes at least one layer including a
pattern 108 of indium tin oxide (ITO).

The sensor 100 further comprises a capacitance measuring unit
110 configured for measuring a capacitance between the
pattern 108 and its surrounding envirconment. The capacitance
measuring unit 110 is connected to the ITO pattern 108
through a contact peint 112. The surrounding environment may
include a finger 114, hand or other obiect, which may modify
the capacitance measured by the capacitance measuring unit

110, when active.

For instance, the so-called CapTouch Programmable Controller
for Single Electrode Capacitance Sensors AD7147 manufactured
by Analog Devices, Norwood, Massachusetts, U.S.A. {see Data
Sheet, CapTouch™ Programmable Controller for Single Electrode
Capacitance Sensors, AD7147, Preliminary Technical Data,
06/07- Preliminary version F, 2007 published Analog Devices,
Inc) may be used as capacitance measuring unit 110. In
particular, page 11 of the data sheet provides explanations
of a possible mode of operation of the capacitance measuring
unit 110.

The capacitance measuring unit 110 is not limited to the
above-described exemplary AD7147 capacitance measuring unit.

Other capacitance measuring units 110 may be used.

The sensor 110 also includes a resistance measuring unit 116
configured for measuring the resistance between a pair of
points 118, 120 of the ITO pattern 108.
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ITC has good piezoresistive propertieg as explained in 8.E.
Dyer, 0.J. Gregory, P.S. Among and A. Bruins Slot,
Preparaticn and piezoresistive properties of reactively
sputtered indium tin oxide thin films, Presented at the 22nd
International Conference on Metallurgical Coatings and Thin
Films (ICMCTF 1995), San Diego, CA, April 24-28, 1995: “Room-
temperature gage factors R/R, as large as -77.71 were measured
on patterned ITO films. These gage factors are considerably
larger than those reported for refractory metal alloys. A
large, negative piezoresistive respbnse {(negative gage
factor) was ocbserved for all ITO films similar to the
responses observed for n-type silicon. The piezoresistive
regponse was reproducible and linear, with little or no

-1 "

hysteresis cbserved with strains up to 700 Win in

In the embodiment illustrated in Fig. 1, the capacitance
measuring unit 110 is configured to detect the presence of a
finger 114, hand or other object at the surface of or in the
vicinity or proximity of the surface of the sensor 100. A
cover sheet of plastic or glass (not illustrated) may be
arranged at the surface of the sensor 110 on top of the
membrane 106. The cover sheet of plastic or glass may act as
a protecting element. The resistance measuring unit 116 is
configured to detect whether a force is exerted by the finger
114, hand or other object, when the finger 114, hand or other
object is placed at the surface of the sensor 100. The
resistance measuring unit 116 may also be configured to
estimate the force exerted by the finger 114, hand or other
cbject, when the finger 114, hand or other obiject is placed
at the surface of the sensor 100. The membrane 106, which is
in one embodiment resilient, is bent due to the force exerted
by the finger 114, hand or other object on the surface of the
gsensor 100, and the length of the ITO pattern 108 bestween the
contact points 118 and 120 is modified. Thanks to the
piezoresistive properties of the ITO conductive pattern, the

resistance is modified and can be measured by the resistance
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measuring unit 116, sgo that an exerted force can be detected

and the exerted force can further be estimated.

A signal output (not illustrated) of the regsistance measuring
unit 116 representing the resistance may be converted to a
signal representing a force. Depending on whether a force is
exerted in the sensor 100 and depending on the force exerted
on the senscor 100, different actions may be triggered in the
control logic of the user interface. For instance, if the
measured force exceeds a predetermined threshold, a first
action is carried out. If the measured force does not exceed
the predetermined threshold, a second action is carried out.

In the sensor 100 illustrated in Fig. 1, the force
measurement is one channel measurement. Namely, one force
measurement is obtained for the whole panel by the resistance
measuring unit 116, while the finger position is provided by
the capacitance measuring unit 110. In one embodiment,
gseveral force measurements are made in different portions of

the membrane.

The resistance measuring unit 116 configured tc measure the
electrical resistance between a pair of points 118, 120 of
the ITO pattern 108 may for instance be implemented using a
Wheatstone bridge. An exemplilary circuit diagram of such a
circuit is shown in Fig. 5. Referring to Fig. 5, the ITO
pattern 108, the electrical resistance to be measured, may be
connected as R1. The amplifier may be any type of suitable
operational amplifier. The registance measuring unit 116 is
not however limited to this exemplary implementation based on
a Wheatstone bridge. Other resistance measuring units 116 may

be used.

In one embodiment, the glass or plastic window in front of a
display may be covered with layers of ITC and then acts as a
membrane 106. The force from the user’s finger, hand or other
cbject causes a strain in this membrane 106 which can be

measured by the piezoresistive registor structure. This makes
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it possible to measure the force from the user’'s finger 114,
hand or cther object.

The sensitivity may vary depending on where the force is
applied. This is however predictable and can be compensated
using a lock-up table where the X and Y coordinates are used
as input parameters.

In many applications, only a relative measurement of the
force is required. This means that calibration is not needed
and changes in sensitivity depending on different stiffness
in the display (e.g. due to temperature changes) cn different
positions may be successfully handled.

A contrelling unit (not illustrated) may be further provided
for controlling the activation of the capacitance measuring

unit 110 and the resistance measuring unit 116.

In one embodiment, the controlling unit is configured to
activate, i.e. to switch on, the resistance measuring unit
116 only when the capacitance measuring unit 110 outputs a
signal indicating the detection of a finger 114, hand or
other object on the surface of the sensor 1CC. As mentioned
above, this configuration saves power by not permanently
activating the resistance measuring unit 116. The resistance
measurement unit 116 does not need to start until an
interrupt from the capacitance measurement unit 116 indicates
the presence of a finger, hand or other object on the sensor
100. The capacitance measuring unit 110 may output a signal
indicating the detection of a finger 114, hand or other
object on the surface of the sensor 100 when the change in

measured capacitance exceeds a predetermined threshocld.

Fig. 2 schematically illustrates a sensor 100 in another

embodiment of the invention. On the front side 1064 of the
insulating support 102, a membrane 106 includes a pattern
108a, 108b of ITO. The pattern 108a, 108b includes & first

portion 108a and a second portion 108b. A first capacitance
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measuring unit 110a is electrically connected to the ITO
portion 108a to measure the capacitance between the portion
108a and its surrounding environment, which may at one point
in time include a finger 114, hand (not illustrated) or other
object (not illustrated). A first resistance measuring unit
116a is connected through contact points 118a, 120a to
measure the resistance between the pair of contact points
118a, 120a of the pattern portion 108a. Thus, a finger 114,
hand or other object can be detected in the proximity of the
portion 108a by the first capacitance measuring unit 110a,
and the force exerted by the finger 114, hand or other cbject
on the membrane 106 can be estimated by the first resistance
measuring unit 1léa.

A second capacitance measuring unit 110b is electrically
connected to a second ITO pattern 108k in order to detect the
presence of a finger 114 in the vicinity of the portion 108b.
Furthermore, a second resistance measuring unit 116b is
connected between two contact points 118b, 120b in order to
measure the resistance between the pair of contact points
118b, 120b of the second porxrtion 108b. Thus, not only the
presence of a finger 114 on, or in the vicinity or proximity
of, the sensor 100 can be detected and the force exerted by
the finger 114 on the sensor 100 can be estimated, but also
the position of the finger 114 on the sensor 100.

In other words, a plurality of presence detections and a
plurality of force detections or measurements can be made at

a plurality of distinct portions of the membrane 106.

Alternatively (not illustrated in Fig. 2}, one force
measurement may be obtained only by cne resistance measuring
unit 106, while the finger 114 position ig provided by a
plurality of capacitance measuring units 110,

Fig. 3 schematically illustrates a sensor 100 in another
enbodiment of the invention. The membrane 106 ig made of two

layers. Each layer includes an ITO pattern 108. The first
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layer includesg a first ITO pattern portion 108a and a second
ITO pattern portion 108b. The second layver includes a third
ITO pattern portion 108¢ and a fourth ITO pattern porticn
108d. Capacitance measuring units (not illustrated in Fig. 3}
are provided to measure the capacitance between each ITC
pattern portion 108a, 108b, 108c, 108d and their respective
surrounding environment. Resistance measuring units (not
illustrated in Fig. 3) are provided to measure the resgistance
between the contact points of each ITO pattern portion in
order to detect a force and/or estimate a force exerted by a
finger 114 on the membrane 106 in the region of the
corresponding ITO pattern portion 108a, 108b, 108c, 108d.

The capacitance measuring units electrically connected to
each of the ITO pattern portions 108a, 108k provide an
indicaticon of the position of the finger 114 on the membrane
along the x direction (as indicated in Fig. 3}. The
capacitance measuring units electrically connected to each of
the ITO pattern portions 108c, 108d provide an indication of
the position of the finger 114 on the membrane 116 in the vy

direction.

The membrane 106 may include wore than two layers. The ITO
pattern portions may be in the form of a serpentine {as
illustrated in Fig. 3) or of any other form. The number of
ITO pattern portions on each layer may be different.

Fig. 4 is a schematic front view of layers of a membrane 106
of a sensor 100 in one embodiment of the invention. The three
rows cf ITO pattern porticns labelled “L1” are each
assoclated with one capacitance measuring unit and one
resistance measuring unit. Each column of ITO pattern
portions labelled by “L2" is associated with one capacitance
measuring unit and one resigtance measuring unit. From the
value of capacitance and resistance measurements for each row
and column, the position of a finger on the membrane and the
force exerted by the finger thereon may be estimated.
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Thus, the sgensor in one embodiment has a structure similar to
a strain gauge using the piezoresistive effect in the ITC

layers, which is combined with the capacitive sensing.

The physical entities according to the invention and/or its
embodiments, including the capacitance measuring units, the
resistance measuring units and the controlling unit, may
comprise or store computer programs incliuding instructions
such that, when the computer programs are executed on the
physical entities, steps, procedures and functions of these
units are carried out according to embodiments of the
invention. The invention also relates to such computer
programs for carrying out the function of the units, and to
any computer-readable medium storing the computer programs

for carrying out methods according to the invention.

Where the terms “capacitance measuring unit”, “resistance
measuring unit” and “controlling unit” are used in the
present document, no restriction is made regarding how
distributed these elements may be and regarding how gathered
these elements may be. That is, the constituent elements of
the above capacitance measuring units, resgistance measuring
units and controlling units may be distributed in different
software or hardware components or devices for bringing about
the intended function. A plurality of distinct elements or
units may also be gathered for providing the intended

functionalities.

Any one of the above-referred units of a sensor 100 may be
implemented in hardware, software, field-programmable gate
array (FPGA), application-~specific integrated circuit
(ASICs}, firmware or the like.

In further embodiments of the invention, any one of the
above-menticned and/or claimed capacitance measuring units,
resistance measuring units and controlling units is replaced
by capacitance measuring means, resistance measuring means
and controlling means respectively, or by a capacitance
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measurer, resistance measurer and controller respectively,
for performing the functions of the capacitance measuring

units, resistance measuring units and controlling units.

In further embodiments of the invention, any cne of the
above-described steps may be implemented using computer-
readable instructions, for instance in the form of computer-
understandable procedures, methods or the like, in any kind
of computer languages, and/or in the form of embedded

software on firmware, integrated circuits or the like.

Although the present invention has been described on the
basis of detailed examples, the detailed examples only serve
to provide the skilled person with a better understanding,
and are not intended to limit the scope of the invention. The
scope of the invention is much rather defined by the appended
claims.
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Claims

Sensor including

an insulating support defining a front side;

a membrane arranged on the front side of the
support, the membrane including at least one layer
including a pattern of electrically conductive material;

at least one capacitance measuring unit configured
for measuring a capacitance between at least a portion
of the pattern of one of the at least one layer and its
surrounding environment; and

at least one resistance measuring unit configured
for measuring a resistance between a pair of points of
the pattern of one of the at least cne layer.

Sensor of claim 1, wherein the electrically conductive

material isg indium tin oxide.

Sensor of claim 1 or 2, wherein

the at least one capacitance measuring unit is
configured to detect the presence of a finger, hand or
other object on the sensor or in the vicinity thereof;
and

the at least one resistance measuring unit is
configured to detect whether a force is exerted by the
finger, hand or other object on the sensor.

Sengor of claim 1 or 2, wherein

the at least one capacitance measuring unit is
configured to detect the presence of a finger, hand or
other object on the sensor or in the vicinity thereof;
and

the at least one resistance measuring unit is
configured to estimate the force exerted by the finger,

hand or other object on the sensor.

Sensor of any one of the preceding claims, wherein the
at least one capacitance measuring unit includes
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a first capacitance measguring unit
configured for measuring a capacitance between
a first portion of the pattern of one of the at
least one layer and its surrounding
environment, and

a second capacitance measuring unit
configured for measuring a capacitance between
a second portion of the pattern of one of the
at least one layer and its surrounding
environment; and

and the at least one resistance measuring unit includes

a first resistance measuring unit
configured for measuring a resistance between a
pair of points of the first portion of the
pattern of one of the at least one layer, and

a second resistance measuring unit
configured for measuring a resistance between a
pair of points of the second portion of the

pattern of one of the at least one layer.

Sensor according to ¢laim 5, wherein

the at least one capacitance measuring unit is
configured to detect the presence of a finger, hand or
other cbject on the sensor or in the vicinity thereof
and to estimate the position of the finger, hand or
other object ¢n the szensor; and

the at least one resistance measuring unit is
configured to detect whether a force is exerted by the

finger, hand or other cbject on the sensor.

Sensor according to claim 5, wherein

the at least one capacitance measuring unit is
configured to detect the presence of a finger, hand or
other object on the sensor or in the vicinity thereof
and to estimate the position of the finger, hand or
other object on the sensor; and
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the at least one resistance measuring unit is
configured to estimate the force exerted by the finger,
hand or other object on the sensor.

Sensor according to any one of the preceding claims,
configured so that one resistance meaguring unit is
activated when one capacitance measuring unit indicates

a change of capacitance exceeding a threshold value.

Sensor according to any one of the preceding claims,
configured sc that the capacitance measurements and the
resistance measgsurements are performed one after the
other in sequence.

A display including a sensor according to any one of the

preceding claims.

Method of using a sensor according to any one of claims
1 to 2, including

cutputting a signal indicating the présence of a
finger, hand or other object on the sensor or in the
vicinity thereof; and

cutputting a signal indicating whether a force is
exerted by the finger, hand or other object on the

sSensox.

Method of using a sensor according to any one of claims
1 to %, including

outputting a signal indicating the presence of a
finger, hand or other object on the senscr or in the
vicinity thereof; and

outputting a signal indicating the force exerted by
the finger, hand or other object on the sensor.

Method of using a sensor according to any one of claims
5 to 7, including
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outputting a signal indicating the presence of a
finger, hand or other object on the sensor or in the
vicinity thereof;

outputting a signal indicating whether a force is
exerted by the finger, hand or other object on the
sensor; and

outputting a signal indicating an estimation of the
two~dimensional position of the finger, hand or other

object on the sensor.

Method of using a sensor according to any cne of claims
5 to 7, including

outputting a signal indicating the presence of a
finger, hand or other object on the sensor or in the
vicinity thereof;

cutputting a signal indicating the force exerted by
the finger, hand or other object on the sensor; and

outputting a signal indicating an estimation of the
two~dimensional position of the finger, hand or other

object on the sensor.

Method of claim 14, further including outputting a
signal indicating an estimation of the three-dimensional
position of the finger, hand or other object on the
sensor, based on

the signal indicating an estimation of the two-
dimensional position of the finger, hand or other object
on the sensor, which provides coordinates x and y; and

the signal indicating an estimation of the force
exerted by the finger, hand or other object on the
sensor, which provides coordinate z;

wherein coordinates x and y correspond to two
distinct directions along the surface of the sensor and
coordinate 2z corresponds a direction perpendicular to
the surface of the gensor.
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