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(57) Abstract: The invention relates to touch sensor and a method for determining a position of a touch, the touch sensor com-
prising: - a substrate (2) having a touch surface (21) configured to be touched by a user; - at least one transmitter for exciting
acoustic waves in the substrate (2); - a plurality of reflecting structures (5, 5a, 5b) arranged across the touch surface (21) for re-
flecting acoustic waves excited in the substrate (2); - at least one receiver for receiving acoustic waves evoked by the transmitter,
wherein - the reflecting structures (5, 5a, 5b) and the receiver are arranged relative to one another in such a way that an acoustic
wave excited in the substrate (2) by the transmitter is reflected at the reflecting structures toward the receiver, and - if the touch
surface (21) is touched by a body part (6) of the user or a touching means operated by the user at least a part of the acoustic wave
energy excited in the substrate (2) is converted into volume sound waves in the body part or the material of the touching means
thereby modifying the acoustic waves propagating in the substrate (2); and - evaluating means configured for determining the po-
sition of a touch on the touch surface (21) using a signal generated by the receiver upon receipt of acoustic waves evoked by the
transmitter.



10

15

20

25

30

35

WO 2010/043572 PCT/EP2009/063209

Touch sensor and method for determining the position of a touch

Description

The invention relates to a touch sensor according to claim 1 and a method for

determining the position of a touch according to claim 17.

Touch sensors in the form of touch panels are known from the prior art. Generally, these
known touch panels comprise a touch sensitive plate or screen allowing to determine the
position of a touch on the plate or screen. Further, a touch panel can be used as input
device for inputting data to an electronic device such as a computer. For example, a set
of different characters can be assigned to different positions on the touch panel such
that a touch on a certain surface area on the touch panel will be interpreted as a

selection of the assigned character.

Document JP 08305481 A discloses a touch panel based on the generation of surface
acoustic waves in a panel, wherein the surface acoustic waves are modified by a touch
on the panel such that the position of the touch can be determined by detecting the
acoustic waves using a receiver and evaluating an electrical signal created by the

receiver upon receipt of the surface acoustic waves.
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It is an object of the present invention to provide a more versatile acoustic wave touch
sensor in particular in respect to capabilities as a switching element for technical

devices.

According to the invention a touch sensor is provided, comprising:
- a substrate having a touch surface configured to be touched by a user;
- at least one transmitter for exciting acoustic waves in the substrate;
- a plurality of reflecting structures arranged across the surface for reflecting acoustic
waves excited in the substrate;
- at least one receiver for receiving acoustic waves evoked by the transmitter and, for
example, reflected at at least one of the reflecting structures, wherein
- the reflecting structures and the receiver are arranged relative to one another in
such a way that an acoustic wave excited by the transmitter in the substrate is
reflected at the reflecting structures toward the receiver, and
- if the surface is touched by a body part of the user or a touching means operated
by the user at least a part of the acoustic wave energy excited in the substrate is
converted into volume sound waves in the body part or the material of the touching
means thereby modifying the acoustic waves propagating in the substrate; and
- evaluating means for determining the position of a touch on the touch surface using a
signal generated by the receiver upon receipt of acoustic waves evoked by the

transmitter.

The touch sensor is thus based on the principle that acoustic waves excited in the
substrate can be converted into volume sound waves if the substrate is brought into
contact with a material that has a lower sound velocity than the velocity of the acoustic
waves excited in the substrate. For example, if a body part (for example, a tip of a
finger) of a user, i.e. human tissue, is brought into contact with the touch surface of the
substrate at least a part of the (surface) acoustic waves excited in the substrate will be
transferred from the substrate into the body part such that the energy of the acoustic
wave in the substrate is reduced and the signal generated by the receiver upon receipt
of acoustic waves in the substrate is modified. Of course, the touch surface has not
necessarily to be touched by a body part of a user. Instead of directly touching the touch
surface of the sensor touching means as, for example, a pen made of a suited material

(such as plastic) could be used.
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In particular, the touch sensor is configured in such a way that each of the reflecting
structures creates a distinct reflection signal at the receiver, wherein, for example, the
transmitter excites an acoustic wave pulse and - if the touch surface of the substrate is
not touched - each of the reflecting structures generates a reflected pulse which will be
detected by the receiver. The different path lengths from the transmitter to the different
reflecting structures result in different time delays between the transmission of the
excitation pulse and the receipt of the reflected acoustic pulses at the receiver such that,
for example, the reflected wave pulses corresponding to the different reflecting

structures arrive at the receiver consecutively.

As mentioned above, if the touch surface is touched a part or the total energy of
acoustic waves in the substrate is transferred from the substrate into the touching body
part or touching means such that reflecting structures lying behind (along the
propagating direction of the excited acoustic waves) the area of the touch will not be
reached by the acoustic wave or will only by reached by an attenuated wave. Therefore,
at least some of the receiver signals corresponding to the reflecting structures lying
behind the touch area will be missing or will be lower such that a touch contact on the
touch surface creates an individual “fingerprint” in the receiver signal, this fingerprint

permitting to identify the position of the touch on the touch surface.

According to an embodiment of the invention, the transmitter and the receiver are
formed as a common transmitter-receiver unit and the reflecting structures are arranged
in such a way that an acoustic wave transmitted by the transmitter-receiver unit impacts
essentially perpendicularly on the reflecting structures and is reflected back to the
transmitter-receiver unit. In particular, the common transmitter-receiver unit comprises an
interdigital transducer which can be operated alternatingly as transmitter and receiver. In
other words, the combined transmitter-receiver unit may be alternatingly operated as a

transmitter during a first period of time and as a receiver during a second period of time.

In another example, two common transmitter-receiver units are arranged opposite to one
another along the propagating direction of the acoustic waves created in the substrate
by the transmitter-receiver units. Thus, the reflecting structures are impacted by waves
under two opposite directions thereby generating reflected waves propagating in

opposite directions allowing a more precise determination of a touch position.
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However, the invention is not restricted to the use of a common transmitter-receiver unit
as a transmitter separate from the receiver could equally be employed. Also, the term
“transmitter” is of course not restricted to a piezo-electric transducer. Other
embodiments of the invention comprise a transmitter in the form of a (e.g. pulsed) laser
that excites the acoustic wave in the substrate of the touch sensor based on
thermoelastic effects. Also, a wedge (“wedge converter”) could be used (in particular in
combination with a piezo-electric transducer) to excite the acoustic waves or a comb-like
vibrator (“comb converter”). Of course more than one transmitter and more than one
receiver can be provided. Moreover, different transmitter types could also be used in
combination. In particular, the transmitter may be configured to excite directed acoustic

waves that may also be focused to some extent.

In another example of the invention, the reflecting structures are arranged in an array,
i.e. the structures are arranged in a plurality of rows and columns, wherein, in particular,
the distance between two adjacent reflecting structures of a row and/or a column is
essentially constant. For example, reflecting structures could be distributed across the

complete touch surface such that the whole touch surface is usable.

The reflecting structures may extend essentially longitudinally and/or parallel to one
another. For example, the reflecting structures are formed as edges, bars and/or
recesses of the substrate. However, the invention is not limited to a particular
embodiment of the reflecting structures. Rather, a suited reflecting structure only has to
be able to modify the acoustic properties of its surroundings. For this, additional
interfaces can be introduced (as in the case of recesses in the substrate) and/or a
different material could be incorporated in/or on the substrate. However, it is also
possible to arrange reflecting structures of the same material as the substrate, these
reflecting structures being configured to provide a local modification of the acoustic
properties of the substrate, for example bars on top of the touch surface as mentioned

above.

According to another embodiment of the invention, the reflecting structures are arranged
on and/or in the touch surface of the substrate, whereas, for example, the transmitter
and the receiver are arranged on a surface of the substrate that faces away from the

touch surface. In another example, the reflecting structures are arranged on a surface of
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the substrate that faces away from the touch surface and/or are formed as recesses in a
surface of the substrate that faces away from the touch surface. Also, reflecting

structures could be arranged on both sides of the structure.

In particular, the transmitter is configured to excite concurrent acoustic waves in the
substrate such as Lamb or Lamb-Rayleigh waves. In the case of Lamb waves or Lamb-
Rayleigh-waves the displacement of opposite surfaces of the substrate excited by the
transmitter is correlated such that, in particular, the amplitude and/or the phases of the
displacement movement of the touch surface and the substrate surface facing away

from the touch surface are interrelated.

In order to create Lamb waves or Lamb-Rayleigh-waves in the substrate, the substrate
thickness and a frequency of the excited waves in the substrate have to be chosen in
dependence of the acoustic dispersion properties of the substrate. For example, the
acoustic waves excited in the substrate will be mainly or only Lamb waves if the
thickness of the substrate is substantially smaller than the wavelength of the excited
waves. However, as mentioned above, also a transition type of Lamb waves and
Rayleigh waves can be used, i.e. the thickness of the substrate can be of the same
order of magnitude as the wavelength of the excited waves. In that case there can still
be a correlation between the displacement movement of the opposite surfaces of the

structure (e.g. of the outer atomic layers of the surfaces of the structure).

According to another example, the substrate comprises (or consists of) a non

piezoelectric material such as metal, plastic and/or glass.

Also, the substrate of the touch sensor can be mounted to a holder, wherein the
transmitter and the receiver may be received in a recess of the holder. In particular, the
transmitter and the receiver are arranged on the surface of the substrate facing away
from the touch surface. Thus, the transmitter and the receiver are protected within the
recess of the holder, whereas the touch surface is accessible from the outside. In an
example, the substrate is mounted to the holder using an elastic material, for example

an adhesive.

In another embodiment of the invention, the distance between two neighbouring

reflecting structures is larger than approximately 0.5 cm. For example, the distance
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between neighbouring reflecting structures is chosen in such a way that a human finger
fits into the space between two neighbouring reflecting structures. It is, however, noted
that it is not necessary that a finger tip of a typical user “fits” into the space between two
reflecting structures to be detected. Rather, also an intermediate touch position where a
finger tip (or another touching means) at least partly covers one of the reflecting
structures could be accurately determined with the touch sensor according to the

invention as will be explained further below.

The invention also relates to a method for determining the position of a touch, the

method comprising the steps of:

- providing a substrate having a touch surface configured to be touched by a user;

- providing at least one transmitter for exciting acoustic waves in the substrate;

- providing a plurality of reflecting structures arranged across the touch surface;

- providing at least one receiver for receiving acoustic waves evoked by the transmitter
arranged relative to the reflecting structures in such a way that an acoustic wave
excited in the substrate by the transmitter is reflected at the reflecting structures
toward the receiver,

- touching the touch surface by a body part of the user or a touching means operated
by the user, thereby converting at least a part of the acoustic wave energy excited in
the substrate into volume sound waves in the body part or the material of the
touching means and thereby modifying the acoustic waves propagating in the
substrate;

- determining the position of the touch by evaluating a signal generated by the receiver

upon receipt of acoustic waves evoked by the transmitter

In particular, evaluating a signal generated by the receiver comprises evaluating the
amplitude and the time response of the signal. Evaluating the “time response” includes
determining the time delay between the excitation of an acoustic wave (e.g. a wave
pulse) in the substrate and the occurrence of an acoustic wave (in particular of a

reflected wave) at the receiver.

Embodiments of the invention will be described in more detail hereinafter with respect to

the drawings, in which:

Fig. 1 illustrates a touch sensor according to an embodiment of the invention;
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

illustrates the touch sensor of Figure 1, wherein a touch surface of the

sensor is touched at a first position;

corresponds to the previous Figures, wherein, however, the touch surface

is touched at a second position;

corresponds to to the previous Figures, wherein, however, the touch

surface is touched at a third position;

corresponds to the previous Figures, wherein the touch surface is touched

at a fourth position;

corresponds to the previous Figures, wherein, however, the touch surface

is touched at two different positions at the same time;

shows a touch sensor according to another embodiment of the invention in

top view;

corresponds to Figure 7, wherein, however, three different touch positions

are illustrated; and

corresponds to Figures 7 and 8, wherein, however, three further touch

positions are illustrated.

Figure 1 depicts a touch sensor 1 which comprises a substrate 2 having a touch surface

21 that is configured to be touched by a user (not shown). The substrate 2 is mounted to

a touch substrate holder 8 via an elastic material 9.

Further, the touch sensor 1 comprises two transmitter-receiver units 3, 4 arranged on a

surface 22 of substrate 2 which faces away from the touch surface 21. A recess 81 is

provided within the holder 8 for receiving the transmitter-receiver units 3, 4. Each of

these transmitter-receiver units 3, 4 can be alternatingly operated as transmitters for

exciting acoustic waves in the substrate 2 and as receivers for receiving acoustic waves

propagating in the substrate. For example, the transmitter-receiver units 3, 4 are
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interdigital transducers which are alternatingly operated as transmitters for a first period

of time and as receivers for a second period of time.

Further, a plurality of reflecting structures 5 in the form of recesses are provided in the
touch surface 21. More particularly, the reflecting structures 5 comprise two sidewalls
running obliquely with respect to the touch surface 21, each of the sidewalls providing a
reflecting surface. In particular, the reflecting structures possess a wedge like
(triangular) cross section and extend essentially longitudinally and parallel to one
another. Of course, other geometries (in particular other cross sections) of the reflecting
structures are conceivable, for example, a rectangular cross section. Also, instead of
recess structures projecting structures (such as bars) arranged on top of the touch

surface 21 could be used to provide reflecting structures.

The transmitter-receiver units 3, 4 are disposed opposite to one another (along the
propagating direction of the induced acoustic waves) such that a wave excited by one of
the transmitter-receiver units 3, 4 and partially passing the reflecting structures can be
received by the other transmitter-receiver unit. Further, the reflecting structures are
arranged in such a way relative to the transmitter-receiver units 3, 4 that the excited
waves impact on the reflecting structures essentially perpendicularly. Consequently, the
reflected waves also propagate perpendicular to the reflecting structures such that they

can be received by the corresponding transmitter-receiver units 3, 4.

Figure 1 further contains several graphs (below the illustration of the touch sensor)
illustrating the working principle of the embodiment. The first row of the graphs illustrates
the signal applied to the transmitter part of the units 3, 4, which generates an acoustic
wave pulse in the substrate 2. The second row of curves illustrates the receiver

response of the transmitter-receiver units 3, 4 for different situations.

For example, the first left graphs (labelled “3-3”) relate to the situation that the (left)
transmitter-receiver unit 3 excites a wave pulse in the substrate which is reflected at the
reflecting structures 5 and the thereby generated reflected acoustic pulses are
registered by the same transmitter-receiver unit 3. As can be seen from the lower graph,
four distinct acoustic pulses are received at the transmitter-receiver unit 3 corresponding

to the four different distances of the reflecting structures 5 from the transmitterr-receiver
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unit 3, wherein the acoustic wave pulse generated by reflection at the most distanced

reflecting structure arrives latest at the transmitter-receiver unit 3.

The second left illustration (labelled “4-4”) illustrates a similar situation with respect to
the other transmitter-receiver unit 4. Similarly to the “3-3” case four distinct wave pulses
arrive at transmitter-receiver unit 4 resulting from consecutive reflections at the four
reflecting structures 5. It is noted that it is also possible that more than four reflection
signals occur due to multiple reflections at the reflecting structures. Also, the amplitude
of the reflection signals might be different due to the different path length (i.e. due to

different absorption paths).

The second right illustration relates to the situation that the (left) transmitter-receiver unit
3 emits a wave pulse which is received by the (right) transmitter-receiver unit 4. In that
case, the transmitted wave pulse is attenuated by the reflecting structures 5 (i.e. a part
of the wave energy is reflected creating the reflection pulses illustrated in graphs “3-3”
and “3-4” ). However, a part of the wave energy passes the reflecting structures such
that an acoustic wave pulse arrives at the transmitter-receiver unit 4. Similarly, a wave
pulse emitted by the (right) transmitter-receiver unit 4 is registered at the transmitter-
receiver-unit 3 (right illustration labelled “4-3”). Of course, a superposition of the
reflection pulses illustrated in graphs “3-3” and “4-4” and the pulse passing the reflecting

structures may occur at the transmitter-receiver units 3, 4.

The acoustic waves arriving at the transmitter-receiver units 3, 4 are modified if the
touch surface 21 is brought into contact with another material such as human tissue.
This situation is shown in Figure 2, wherein a finger tip 6 is brought into contact with a

segment 23 of the touch surface 21 between two reflecting structures 5.

Similar to Figure 1, four different situations are contemplated. Firstly, if a wave pulse is
generated by the left transmitter-receiver unit 3 the acoustic pulse excited in the
substrate 2 will be at least partially converted into volume sound energy in the tissue
material of the finger tip 6. Thus, as illustrated in graph “3-3” the signal generated by the
receiver part of the transmitter-receiver units 3 only comprises a first wave pulses
resulting from reflection at the reflecting structure less distanced from the transmitter-

receiver unit 3.
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The other reflection pulses (as depicted in the corresponding graph “3-3” of Figure 1)
are missing as the wave energy is transferred from the substrate at the touch location
such that the excited wave pulse does not reach the reflecting structures behind the
touch location. Of course, the part of the wave energy that is not converted into sound
energy will pass the touch location and may be reflected at the remaining reflecting
portions. However, as the reflected waves on their way to the transmitter-receiver unit 3
pass the touch location again, the amplitudes of the reflected waves arriving at the
transmitter-receiver units 3 will be small. These reflected pulses are not shown in graph
“3-3".

Correspondingly, an acoustic wave pulse emitted by the right transmitter-receiver unit 4
will provoke three reflection pulses and only the “latest” reflection pulse will be missing in

the receiver signal (as shown in graph “4-4”).

The non reflected part of the excited wave pulses (graphs “3-4” and “4-3”) is again
registered at the respective opposite transmitter-receiver unit. However, the passing

pulses are attenuated due to the loss of wave energy at the location of the finger tip 6.

Thus, the touch by the finger tip creates a characteristic “fingerprint” in the receiver
signal which allows the unambiguous determination of the position of the touch. In the
present case, for example, it can be determined that the touch took place within
segment 23. Thus, by evaluating the receiver signals generated by the transmitter-
receiver units 3, 4 the position of the touch can be determined and if, for example, data
(such as a symbol or character) is assigned to that touch position the character could be

transmitted to an electronic device (e.g. a computer, a control or a display).

The principle of operation of the touch sensor according to the invention is further
illustrated by drawings 3 to 6, wherein Figures 3 to 5 relate to further touch positions and
illustrate the corresponding signals at the transmitter-receiver units 3, 4 similarly to
Figures 1 and 2. More particularly, Figure 5 illustrates that even if the touch surface 21 is
not touched between two reflecting structures 5 but at least partially on one of the
reflecting structures 5 still a characteristic signal is generated if the signals at both
transmitter-receiver units 3, 4 are evaluated. The combination of both the signal at
transmitter-receiver unit 3 and at transmitter-receiver units 4 permits the touch position

of Fig. 5 to be distinguished from the touch positions shown in Figures 2 to 4. However,
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the invention also covers arrangements having, for example, a single transmitter, only.
These simpler arrangements still provide a determination of a touch position, wherein,

however, the spatial resolution might be lower.

Furthermore, as illustrated in Figure 6, even the positions of two touch contacts at the
same time (two finger tips are contacting the touch surface) can be determined using the
combination of both signals generated by the transmitter-receiver unit 3 and transmitter-

receiver unit 4.

It is noted that it is possible that the receiver signals shown in Figures 1 to 6 (lower
graphs) are registered simultaneously, i.e. the left transmitter-receiver unit 3 and the
right transmitter-receiver unit 4 emit an acoustic pulse at the same time such that a
superposition of the reflected waves and the passed wave may occur at the transmitter-
receiver units. However, the passed pulse and the reflected pulses can be distinguished
on the basis of the time delay and/or amplitude. It is, however, also possible that the
transmitter-receiver units 3, 4 do not excite the acoustic pulse simultaneously but in

succession.

Figure 7 shows a similar touch sensor arrangement as Figures 1 to 6, wherein the touch

sensor is shown in top view (without the holder 8).

The substrate comprises reflecting structures (recesses) 5a, 5b which are arranged in
an array having a “checker board” layout, i.e. the reflecting structures are arranged in a
plurality of rows (two rows in the present example) such that one reflecting structure of
one row is arranged essentially in the middle between two reflecting structures of the
other row. The distance between two adjacent reflecting structures is nearly constant. Of
course, the invention also covers sensor devices having more than two rows and more

than three reflecting structures per row.

Figure 7 further illustrates three different touch positions of the finger tip 6, these touch
positions being labelled “A”,"B” and “C”. The corresponding signals generated by the
(left) transmitter-receiver unit 3 upon receipt of reflected acoustic waves (evoked by
acoustic waves excited in the substrate 2 by the transmitter-receiver unit 3 itself) are
shown in the left graphs of Figure 7 (labelled “3-3”), wherein the situation at the right

transmitter-receiver unit 4 is shown in the right graphs (labelled “4-4").
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If the touch surface 21 is touched at the position “A” (between two neighbouring
reflecting structures 5a) acoustic waves from the most nearest reflecting structure 5a of
the first (upper) row and from both reflecting structures 5b of the second (lower) row of
the reflecting array are registered at the transmitter-receiver unit 3. The other reflections,
which without the touch contact would occur at the remaining two upper reflecting
structures are missing as wave energy is coupled out of the substrate before the surface

acoustic wave reach these reflecting structures.

On the other hand, the signal at the right transmitter-receiver unit 4 comprises reflections
from the two upper right reflecting structures and both lower reflecting structures 5b
such that four signal pulses are generated by the transmitter-receiver unit 4 having
essentially the same amplitude Ugnax. As explained above with respect to Figures 1 to 6
different touch positions on the touch surface 21 create different characteristic
“fingerprints” in the receiver signals such that combining the two receiver signals allows
a reliable determination of the position of the touch contact. These “fingerprints” are also

illustrated for the touch positions “B” and “C”.

Referring to Figure 8, also intermediate positions between the two rows of reflecting
elements 5a, 5b can be determined. These cases (wherein three different finger tip
positions are again indicated by “A”, “B” and “C”) are characterized in that reflection
signals resulting from all the reflecting elements 5 occur in the electrical signals of the
transmitter-receiver units 3, 4. However, the reflection signals from the reflecting
elements 5a, 5b “behind” the finger tip are attenuated due to energy conversion that
occurs in the region of the touch contact. Thus, if not only the presence of a reflection
pulse is used to determine the touch position but also the amplitude (e.g. the maximum
voltage related to a pulse generated by the receiver) of the individual reflection pulse
signals, or a combination thereof, also “intermediate” touch positions can be determined,

wherein a reflecting structure is only partially covered.

Also, the amplitude of the wave pulse signals could be used to determine an exact
position between two reflecting structures such that the spatial resolution that can be
realized by the touch sensor is not limited by the distance between two adjacent

reflecting structures.
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Figure 9 resembles the situation in Figure 7, wherein different receiver signals are

illustrated for different touch contacts in the region of the lower row of reflecting
structures 5b.

LR I I
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Claims

1. A touch sensor, comprising:
- a substrate (2) having a touch surface (21) configured to be touched by a user;
- at least one transmitter for exciting acoustic waves in the substrate (2);
- a plurality of reflecting structures (5, 5a, 5b) arranged across the touch surface
(21) for reflecting acoustic waves excited in the substrate (2);
- at least one receiver for receiving acoustic waves evoked by the transmitter,
wherein
- the reflecting structures (5, 5a, 5b) and the receiver are arranged relative to one
another in such a way that an acoustic wave excited in the substrate (2) by the
transmitter is reflected at the reflecting structures toward the receiver, and
- if the touch surface (21) is touched by a body part (6) of the user or a touching
means operated by the user at least a part of the acoustic wave energy excited
in the substrate (2) is converted into volume sound waves in the body part or
the material of the touching means thereby modifying the acoustic waves
propagating in the substrate (2); and
- evaluating means configured for determining the position of a touch on the touch
surface (21) using a signal generated by the receiver upon receipt of acoustic

waves evoked by the transmitter.

2. The touch sensor as claimed in claim 1, wherein the transmitter and the receiver are
arranged as a common transmitter-receiver unit (3, 4) which is arranged relative to
the reflecting structures (5, 5a, 5b) in such a way that an acoustic wave excited by
the transmitter-receiver unit (3, 4) impacts essentially perpendicularly on the reflecting

structures (5, 5a, 5b) and is reflected back to the transmitter-receiver unit (3, 4).

3. The touch sensor as claimed in claim 2, wherein two common transmitter-receiver
units (3, 4) are arranged opposite to one another along the propagating direction of

the acoustic waves created in the substrate (2) by the transmitter-receiver units (3, 4).

4. The touch sensor as claimed in claim 2 or 3, wherein the common transmitter-
receiver unit (3, 4) is configured to be operated alternatingly as transmitter and

receiver.
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14.
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The touch sensor as claimed in one of the preceding claims, wherein the reflecting

structures (5, 5a, 5b) are arranged in an array.

. The touch sensor as claimed in one of the preceding claims, wherein the reflecting

structures (5, 5a, 5b) extend essentially longitudinally.

. The touch sensor as claimed in one of the preceding claims, wherein the reflecting

structures (5, 5a, 5b) extend essentially parallel to one another.

. The touch sensor as claimed in one of the preceding claims, wherein the reflecting

structures (5, 5a, 5b) are arranged on the touch surface (21) and/or are formed as

recesses of the touch surface (21).

. The touch sensor as claimed in one of the preceding claims, wherein the reflecting

structures (5, 5a, 5b) are arranged on a surface of the substrate that faces away from
the touch surface (21) and/or are formed as recesses in a surface of the substrate

that faces away from the touch surface (21).

. The touch sensor as claimed in one of the preceding claims, wherein the

transmitter and the receiver are arranged on a surface (22) of the substrate (2) that

faces away from the touch surface (21).

The touch sensor as claimed in one of the preceding claims, wherein the
transmitter is configured to excite concurrent surface acoustic waves in the
substrate (2).

The touch sensor as claimed in 11, wherein the concurrent surface acoustic waves

are Lamb or Lamb-Rayleigh waves.

The touch sensor as claimed as claimed in one of the preceding claims, wherein

the substrate (2) comprises a non-piezo electric material.

The touch sensor as claimed as claimed in one of the preceding claims, wherein
- the transmitter and the receiver are arranged on a surface (22) of the substrate

(2) that faces away from the touch surface (21); and
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- the substrate (2) is mounted to a holder (8), wherein
- the holder (8) comprises an opening (81) which receives the transmitter and the

receiver.

The touch sensor as claimed as claimed in claim 14, wherein the substrate (2) is

mounted to the holder (8) using an elastic material (9).

The touch sensor as claimed in one of the preceding claims, wherein the distance
between two neighbouring reflecting structures (5, 5a, 5b) is larger than

approximately 0.5 cm.

A method for determining a position of a touch, comprising the steps of:

- providing a substrate (2) having a touch surface (21) configured to be touched by
a user;

- providing at least one transmitter for exciting acoustic waves in the substrate (2);

- providing a plurality of reflecting structures (5, 5a, 5b) arranged across the touch
surface (21);

- providing at least one receiver for receiving acoustic waves evoked by the
transmitter arranged relative to the reflecting structures (5, 5a, 5b) in such a way
that an acoustic wave excited in the substrate (2) by the transmitter is reflected at
the reflecting structures toward the receiver,

- touching the touch surface (21) by a body part (6) of the user or a touching
means operated by the user, thereby converting at least a part of the acoustic
wave energy excited in the substrate (2) into volume sound waves in the body
part (6) or the material of the touching means and thereby modifying the acoustic
waves propagating in the substrate (2);

- determining the position of the touch by evaluating a signal generated by the

receiver upon receipt of acoustic waves evoked by the transmitter.

The method as claimed in claim 17, wherein an acoustic wave pulse is generated in

the substrate (2) by the transmitter.

The method as claimed in claim 17 or 18, wherein evaluating a signal generated by
the receiver comprises evaluating the amplitude and the time response of the

signal.
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