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(57) There is disclosed a user interface unit for an
electronic device, said user interface unit comprising a
two-dimensional capacitive sensor structure, wherein the
capacitive sensor structure comprises an array of corner
sensor elements each comprising a capacitor over its
area, and wherein the capacitive sensor structure further
comprises a central sensor element located between the
corner sensor elements and comprising a capacitor over
its area. Furthermore, there is disclosed a corresponding
electronic device, as well as a corresponding method of
manufacturing a user interface unit for an electronic de-
vice.
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Description

FIELD

[0001] The present disclosure relates to a user interface unit for an electronic device. Furthermore, the present dis-
closure relates to a corresponding electronic device and to a method of manufacturing a user interface unit for an
electronic device.

BACKGROUND

[0002] Today, electronic devices such as smart cards are widely used in society. For example, smart cards may be
used as electronic identity (eID) cards. The end-user acceptance of such eID cards, however, is still relatively low.
Although the eID cards are relatively secure, due to their cryptographic capabilities, they are usually not equipped with
a user interface suitable for entering user credentials, i.e. a so-called "authentication interface". As a consequence, the
majority of eID users still enter their PIN code through personal computers and laptops, which increases the risk that
their credentials are intercepted by malicious software such as Trojans and key-logger programs.
[0003] It is known to integrate an authentication interface into a smart card. For example, EP 2 667 156 A1 describes
a capacitive position sensor system for determining the position of an object, wherein the object is positioned within a
sensitive area of the capacitive position sensor system and changes the capacitance of capacitors being arranged
underneath the object. The capacitive position sensor system comprises a first plurality of sensing elements, each
sensing element comprising a first capacitor having a first electrode and a second electrode, wherein each first electrode
is coupled via a switch to a voltage supply to form a switched capacitor filter, wherein the second electrodes are coupled
to form a sensing line, a sensing unit, wherein the sensing unit is adapted to sense a voltage level representing the
amount of charge being present on the sensing line, and a control unit, wherein the control unit is adapted to apply a
drive signal to each of the switches being coupled to the first electrodes. In one integration cycle, a part of the switches
being coupled to the first electrodes is closed so that a part of the first capacitors is driven by a first drive signal, wherein
the sensing unit is adapted to sense the voltage level representing the sum of the amount of charge of the part of the
first capacitors, wherein the number of the switches being closed is at least two. The control unit is adapted to determine
the position of the object by analyzing the results of a plurality of sensed voltage levels of a plurality of integration cycles.
This capacitive position sensor system is an example of a touch-based user interface that may be embedded into a
smart card.
[0004] It is still relatively difficult to fabricate a multi-functional eID card with an embedded authentication interface.
For instance, it is typically necessary to use double-sided inlays requiring VIAs (i.e. contacts between both layers) and
to use a large number of sensor terminals. It might be desirable to use a smaller number of sensor terminals, which in
turn would require less interface connections to a processing module, thereby reducing cost and increasing reliability
and operational lifetime. Reducing the number of sensor terminals may be achieved by reducing the number of sensors
embedded in the authentication interface. For example, the authentication interface may be based on a relatively simple
2x2 sensor array, as shown in Fig. 1A. However, in that case the usable area of the authentication interface is relatively
small, as shown in Fig. 1B. Therefore, a conflict seems to exist between the manufacturing requirements and the
performance requirements of such interfaces.
[0005] Figs. 1A and 1B show a conventional user interface unit. Fig. 1A shows a user interface unit 100 which
comprises a plurality of capacitive sensors 102a, 102b, 102c, 102d. The capacitive sensors 102a, 102b, 102c, 102d are
arranged in an array that has a size of 2 by 2 sensors. Fig. 1B shows a usable area 104 of the user interface unit 100
shown in Fig. 1A.
[0006] In such user interface units, the position of an object, for example a user’s finger, is typically obtained by applying
a center-of-gravity calculation to the activity levels determined for the individual sensors in the sensor arrays. However,
the outer sensors exhibit a dead-zone at their perimeter where a change in position will not result in a change of the
measured activity level. Typically, the size of the dead-zone in each dimension is the size of the sensor in that dimension
minus the size of the finger. When applying a weighting function such as a center-of-gravity formula the resulting position
is only valid inside a part of the total sensor area. The area in which a resulting position is valid is referred to as the
"usable area" herein. The usable area is the total area covered by all sensors reduced by the dead-zone areas of all
sensors, as indicated by the black dots in Fig. 1B. For a 2x2-sensor array, as shown in Fig. 1B, the usable area may
have a size of 1/4 of the total size of the sensor array. For a 3x3 sensor array the usable area may typically have a size
of 4/9 of the total size of the sensor array. More sensors typically result in a larger relative usable area. For example,
for a 4x4 sensor the usable area may have a size of 9/16 of the total size of the sensor array.
[0007] However, an increased number of sensors results in more sensor signals, which typically requires a longer
capturing and processing time and hence requires more energy. Furthermore, in case of an array-like sensor structure
having a size of 3 or more in each dimension, the inner sensors may not be contacted without signal crossings or VIAs.
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As a consequence, two-layer inlays with VIAs may be required, which may increase the manufacturing cost and reduce
the user interface’s reliability. Furthermore, sensor structures that require double-sided inlays may not support economic
inlay manufacturing such as by silver-ink printing, which is typically requested by some smart card manufacturers. Similar
problems may occur in other electronic devices, such as controllers for controlling consumer devices, white good appli-
ances and vehicle components.

SUMMARY

[0008] There is disclosed a user interface unit for an electronic device, said user interface unit comprising a two-
dimensional capacitive sensor structure, wherein the capacitive sensor structure comprises an array of corner sensor
elements each comprising a capacitor over its area, and wherein the capacitive sensor structure further comprises a
central sensor element located between the corner sensor elements and comprising a capacitor over its area.
[0009] In illustrative embodiments, the respective capacitors of neighbouring corner sensor elements in each dimension
extend towards each other thereby defining at least one intermediate region therebetween, the area of the or each
intermediate region covered by the respective capacitors being in a respective fixed ratio, and wherein the intermediate
regions in both dimensions define at least one central region therebetween, the area of the or each central region being
covered by the capacitor of the central sensor element.
[0010] In further illustrative embodiments, the central sensor element has a substantially octagonal shape or a sub-
stantially rectangular shape.
[0011] In further illustrative embodiments, each capacitor has a first electrode and a second electrode, wherein the
first electrode is specific to the sensor element comprising the respective capacitor, and wherein the second electrode
is a common signal electrode.
[0012] In further illustrative embodiments, the at least one intermediate region is defined by interdigitated first electrodes
of the capacitors extending from the neighbouring corner sensor units.
[0013] Furthermore, there is disclosed an electronic device that comprises a user interface unit of the kind set forth,
said electronic device further comprising a processing unit for processing sensor signals generated by the user interface
unit and a plurality of signal lines for transmitting said sensor signals from the user interface unit to the processing unit,
wherein each one of the capacitors is connected to one of the signal lines, wherein each one of the capacitors is arranged
to generate one of the sensor signals and to transmit said one of the sensor signals to the processing unit through said
one of the signal lines.
[0014] In further illustrative embodiments, the processing unit is arranged to execute a computer program which applies
a weighting function to the sensor signals generated by the user interface unit.
[0015] In further illustrative embodiments, said electronic device further comprises a wireless communication module
and a loop antenna for wireless communication, wherein the wireless communication module comprises an integrated
antenna cross-over, said integrated antenna cross-over comprising a first antenna terminal of the wireless communication
module being located outside the loop of the antenna and a second antenna terminal of the wireless communication
module being located inside the loop of the antenna.
[0016] In further illustrative embodiments, the processing unit and the wireless communication module are comprised
in a monolithically integrated circuit.
[0017] In further illustrative embodiments, the user interface unit and the loop antenna are integrated in a single-layer
printed circuit-board.
[0018] In further illustrative embodiments, the user interface unit is arranged to identify a touch-based user input
interaction within a plurality of different areas formed by predefined position boundaries, and wherein each one of the
different areas represents a particular key of a keypad.
[0019] In further illustrative embodiments, said electronic device further comprises a user feedback indicator for guiding
a user through a touch-based user input process.
[0020] In further illustrative embodiments, the user interface element is arranged to receive a touch-based user input
which represents a gesture for activating a function of the electronic device.
[0021] In further illustrative embodiments, the electronic device is a smart card, a controller for controlling a consumer
device, a controller for controlling a white good appliance, or a controller for controlling a vehicle component.
[0022] Furthermore, there is disclosed a method of manufacturing a user interface unit for an electronic device, the
method comprising providing the user interface unit with a two-dimensional capacitive sensor structure, providing the
capacitive sensor structure with an array of corner sensor elements each comprising a capacitor over its area, and
providing the capacitive sensor structure with a central sensor element located between the corner sensor elements
and comprising a capacitor over its area.
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DESCRIPTION OF DRAWINGS

[0023] Embodiments will be described in more detail with reference to the appended drawings, in which:

Figs. 1A and 1B show a conventional user interface unit;
Fig. 2 shows an illustrative embodiment of a user interface unit;
Fig. 3 shows a further illustrative embodiment of a user interface unit;
Fig. 4 shows an example of an implementation of a user interface unit;
Fig. 5A shows another example of an implementation of a user interface unit;
Fig. 5B shows a distribution of hardware-weighting factors for regions of the user interface unit shown in Fig. 5A;
Fig. 6 shows an illustrative embodiment of a smart card;
Fig. 7 shows an example of a processing module;
Fig. 8 shows a further example of a processing module;
Fig. 9 shows an illustrative operation of a user interface unit;
Fig. 10 shows another illustrative operation of a user interface unit.

DESCRIPTION OF EMBODIMENTS

[0024] In accordance with the present disclosure a user interface unit for a smart card is provided. The user interface
unit comprises a two-dimensional capacitive sensor structure. The capacitive sensor structure comprises an array of
corner sensor elements, and each corner sensor element comprises a capacitor over its area. Furthermore, the capacitive
sensor structure comprises a central sensor element located between the corner sensor elements, which also comprises
a capacitor over its area. By adding a central sensor element to the capacitive sensor structure, the sensitivity of the
capacitive sensor structure may be improved. Thus, the capacitive sensor structure may be able to differentiate between
finer movements of a user’s finger, for example.
[0025] Fig. 2 shows an illustrative embodiment of a user interface unit 200. In this example, the user interface unit
200 comprises a capacitive sensor structure which comprises four capacitive sensors 202a, 202b, 202c, 202d. The four
capacitive sensors 202a, 202b, 202c, 202d are arranged as an array. The four capacitive sensors 202a, 202b, 202c,
202d thus form corner sensor elements. Furthermore, the capacitive sensor structure comprises a fifth capacitive sensor
202e which is located between the corner sensor elements 202a, 202b, 202c, 202d. In this example, the fifth capacitive
sensor 202, i.e. the central sensor element, has a substantially octagonal shape. It has been found that a central sensor
element with a substantially octagonal shape may provide further increased sensitivity to movements. Furthermore, it
has been found that making the capacitance of the corner sensor elements 202a, 202b, 202c, 202d and the fifth capacitive
sensor 202e the same improves the resulting sensor linearity.
[0026] In illustrative embodiments, the respective capacitors of neighbouring corner sensor elements extend towards
each other in each dimension, thereby defining at least one intermediate region between the neighbouring corner sensor
elements. Furthermore, the area of the or each intermediate region covered by the respective capacitors is in a respective
fixed ratio. For example, if the capacitive sensor structure comprises an array that has a size of 2 by 2 corner sensor
elements, then an intermediate region defined by the upper two corner sensor elements extending towards each other
may have a 50:50 ratio. In this way, a ’hardware weighting’ function may be applied to the signals generated by the
sensor elements, in which the ratio 50:50 effectively represents a weighting factor of 0.5. Furthermore, the intermediate
regions in both dimensions may define at least one central region therebetween, whose area is covered by the capacitor
of the central sensor element.
[0027] Fig. 3 shows a further illustrative embodiment of a user interface unit 300. In this example, the user interface
unit 300 comprises five capacitive sensors 302a, 302b, 302c, 302d, 302e. The capacitive sensors 302a, 302b, 302c,
302d, are arranged in an array of 2 by 2 corner sensor elements. The capacitive sensors 302a, 302b, 302c, 302d are
an example of corner sensor elements whose capacitors extend towards each other in an interlaced manner. Thereby,
intermediate regions 304a, 304b, 304c, 304d are defined. The area of each intermediate region which is covered by the
respective capacitors is in a fixed ratio of 50:50. For example, in the first intermediate region 304a, the respective
capacitors of sensor elements 302a and 302c each cover 50% of the total area covered by said capacitors. Thus, if this
intermediate region 304a is touched, then both sensor elements 302a, 302c generate a signal that is weighted with a
factor 0.5. Furthermore, the intermediate regions 304a, 304b, 304c, 304d in both dimensions define at least one central
region 304e therebetween. The area of this central region 304e is covered by the capacitor of the central sensor element
302e. It has been found that the embodiment shown in Fig. 3 may provide further increased sensitivity to movements.
[0028] Fig. 4 shows an example of an implementation of a user interface unit 400. In particular, the sensor array which
is shown schematically in Fig. 2 may be implemented by means of the structure shown in Fig. 4. The user interface unit
400 comprises five sensor-specific electrodes 402a, 402b, 402c, 402d, 402e, each of which forms a part of a corre-
sponding capacitive sensor 202a, 202b, 202c, 202d, 202e. Another part of the capacitive sensors 202a, 202b, 202c,
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202d, 202e is formed by a common electrode 402f. The common electrode 402f may be common to all capacitive sensors
202a, 202b, 202c, 202d, 202e. Thus, each capacitive sensor 202a, 202b, 202c, 202d, 202e comprises a capacitive
structure that may detect the presence of non-isolating objects, such as human fingers. A capacitive sensor structure
may contain five capacitive sensors of this kind; typically the sensor-specific electrode of each capacitive sensor is
electrically connected to a sensor-specific signal line while the common electrode is electrically connected to a common
reference signal line. In this example implementation, the capacitors do not extend towards each other in an interlaced
manner.
[0029] Fig. 5A shows another example of an implementation of a user interface unit 500. In particular, the sensor
array which is shown schematically in Fig. 3 may be implemented by means of the structure shown in Fig. 5A. In this
example, there are intermediate regions in which neighbouring corner sensor elements extend toward each other, as
described above. Furthermore, the intermediate regions in both dimensions define a central region therebetween. The
user interface unit 500 comprises five sensor-specific electrodes 502a, 502b, 502c, 502d, 502e, each of which forms a
part of a corresponding capacitive sensor 302a, 302b, 302c, 302d, 302e. Another part of the capacitive sensors 302a,
302b, 302c, 302d, 302e is formed by a common electrode 502f. The common electrode 502f may be common to all
capacitive sensors 302a, 302b, 302c, 302d, 302e. It is noted that the lower-left capacitive sensor 302b may be imple-
mented by a sensor-specific electrode 502b which has been cut into two parts, in order to facilitate single-layer printing.
[0030] Fig. 5B shows a distribution of hardware-weighting factors for regions of the user interface unit shown in Fig.
5A. Each of the intermediate regions between the neighbouring corner sensor elements has a hardware-weighting factor
of 0.5. That is to say, if one of these intermediate regions is touched, then the corresponding sensor elements each
generate a signal that carries a weight of 0.5 compared to the signal generated by the upper-left sensor element alone
if the upper-left region is touched, for example. In the center region, the hardware-weighting factor is 1. That is to say,
if the central region is touched, then the central sensor element alone will generate a signal that carries a weight of 1.
[0031] Fig. 6 shows an illustrative embodiment of a smart card 600. In particular, the smart card 600 comprises a
single-layer inlay in which a user interface unit in accordance with the present disclosure has been embedded. In this
example, the smart card 600 comprises a user interface unit 300 as shown in Fig. 3. Furthermore, the smart card 600
may comprise a processing module 602 which comprises a wireless communication module, in particular an RFID
module, as well as a processing unit of the kind set forth. Furthermore, the processing module 602 may be connected
via sensor-specific signal lines 606a, 606b, 606c, 606d, 606e, to the respective capacitive sensors of the user interface
unit 300. Furthermore, the processing module 602 may be connected to the user interface unit 300 via a common signal
line 606f of the kind set forth. The smart card 600 may further comprise an antenna 604 for wireless communication, in
particular an RFID antenna, connected to the wireless communication module of the processing module 602.
[0032] Furthermore, the RFID module may comprise an integrated antenna cross-over. The term "integrated antenna
cross-over" refers to antenna terminals which are integrated in the RFID module and which are arranged in such a way
that signal lines which are needed for connecting the antenna to the RFID module do not cross over one another. In
particular, the RFID module’s contact terminals that connect the module to the antenna 604 may be arranged in the
manner shown in Fig. 6, i.e. without a cross-over in the form of an additional wire crossing the antenna wires. For
example, in case the antenna is a rectangular loop antenna as shown, the integrated antenna cross-over may comprise
a first antenna terminal of the RFID module being located outside the loop of the antenna and a second antenna terminal
of the RFID module being located inside the loop of the antenna. This design may achieve that the antenna 604 does
not cross any of the signal lines 606a, 606b, 606c, 606d, 606e, 606f, and that no other signal crossings may be required.
Thus, this design may further facilitate creating single-sided printed inlays without VIAs. It is noted that only a schematic
positioning of the signal lines 606a, 606b, 606c, 606d, 606e, 606f is shown, i.e. the skilled person may further optimize
this design in order to minimize the cross-coupling between signal lines 606a, 606b, 606c, 606d, 606e, 606f and the
antenna 604.
[0033] Fig. 7 shows an example of a processing module 700 of the kind set forth. The processing module 700 comprises
a first sub-module 702, which in turn may comprise a rectifier, a power management device or a voltage conditioning
device, and a secure element. Each of these features may be implemented by means of hardware components which
are known as such, for example. The first sub-module 702 may comprise a first antenna terminal 710a and a second
antenna terminal 710b arranged as described with reference to Fig. 6 above. The first sub-module 702 may exchange
data with a second sub-module 704, which may comprise an input/output controller and a touch sensor position decoder.
The second sub-module 704 may be arranged to control an optical feedback indicator 708. Furthermore, the second
sub-module 704 may be connected to sensor-specific signal lines 706a, 706b, 706c, 706d, 706e, and to a common
signal line 706f, which are in turn connected to the user interface unit (not shown). The components of the first sub-
module 702 and the second sub-module 704 may be individual integrated components and discrete components or
monolithically integrated components. The optical feedback indicator 708 may be included in order to provide better
user guidance during data entry. Alternatively and without limitation, an acoustic feedback indicator may be used.
[0034] Fig. 8 shows a further example of a processing module 800. In this example, the processing module 800
comprises a monolithically integrated circuit 802 comprising the rectifier, the power management device or voltage
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conditioning device, the secure element and the touch sensor position decoder. In such a monolithically integrated
version the user interface unit may function as a state machine that may control the required input/output function of the
processing module 800.
[0035] Fig. 9 shows an illustrative operation of a user interface unit of the kind set forth. In particular, it shows the use
of a sampling and Finite Impulse Response (FIR) noise filter function that may be used in combination with a user
interface unit of the kind set forth. In a scanning step 902, the upper-left capacitive sensor is touched, but not evaluated.
This is depicted in the figure by a circle (illustrating touching the sensor) in a blank - that is, white - upper-left sensor
position. In four further scanning steps 904, 906, 908, 910 the upper-left capacitive sensor is touched and evaluated.
This is depicted in the figure by a circle (illustrating touching the sensor) in a black upper-left sensor position. It is noted
that the term "evaluated" means that a sensor signal is used for determining a position. In contrast, the term "not
evaluated" means that a sensor generates a signal because it is touched, but this signal is ignored in the subsequent
calculation for determining a position. For example, this may be controlled by means of switches which enable/disable
the measurement of the capacitance variation of a particular capacitive sensor. In that case, "evaluated" means that the
switches are controlled in such a way that the capacitance variation is indeed measured, and "not evaluated" means
that the switches are for example kept in an inactive state, such that the capacitance variation is not measured. Further-
more, a filter and weighted averaging step 912 may yield a position determination 914. Every sensor may have an activity
level, i.e. it may generate a signal that has a strength which is indicative of the level of engagement with a non-isolating
object that may be brought close to the sensor, e.g. a human finger. In order to perform an FIR noise filter function four
out of five activity levels may be captured such that four out of five sensors are evaluated and the sum of their activity
levels is obtained in a single step. In the example shown in Fig. 9 only five consecutive scans may be required to
determine the noise-filtered activity levels of each individual sensor. The sampling and filtering function may, for example,
be based on the principles disclosed in patent application EP 2 667 156 A1. The skilled person will appreciate, however,
that other sampling and filtering functions may also be used in combination with a user interface unit of the kind set forth.
Furthermore, the skilled person will appreciate that the position calculation may optionally involve a software weighting
function which may be applied to the hardware-weighted activity levels of the respective sensor elements.
[0036] Fig. 10 shows another illustrative operation of a user interface unit of the kind set forth. In this example, the
FIR filtering is applied only to the corner sensors. Thereby, the sensor linearity may be further improved. In this case,
the inner sensor is sensed alone directly after the scanning sequence of the four scans of the corner sensors. The skilled
person will appreciate that, for example, the above-described hardware-based FIR noise filter function does not need
to be applied at all. In this case, every sensor may be evaluated individually and filtering may be realized by means of
an FIR or an Infinite Impulse Response (IIR) filtering function implemented in software.
[0037] It is noted that the embodiments above have been described with reference to different subject-matters. In
particular, some embodiments may have been described with reference to method-type claims whereas other embod-
iments may have been described with reference to apparatus-type claims. However, a person skilled in the art will gather
from the above that, unless otherwise indicated, in addition to any combination of features belonging to one type of
subject-matter also any combination of features relating to different subject-matters, in particular a combination of features
of the method-type claims and features of the apparatus-type claims, is considered to be disclosed with this document.
[0038] Furthermore, it is noted that the drawings are schematic. In different drawings, similar or identical elements
are provided with the same reference signs. Furthermore, it is noted that in an effort to provide a concise description of
the illustrative embodiments, implementation details which fall into the customary practice of the skilled person may not
have been described. It should be appreciated that in the development of any such implementation, as in any engineering
or design project, numerous implementation-specific decisions must be made in order to achieve the developers’ specific
goals, such as compliance with system-related and business-related constraints, which may vary from one implemen-
tation to another. Moreover, it should be appreciated that such a development effort might be complex and time consuming,
but would nevertheless be a routine undertaking of design, fabrication, and manufacture for those of ordinary skill.
[0039] Finally, it is noted that the skilled person will be able to design many alternative embodiments without departing
from the scope of the appended claims. In the claims, any reference sign placed between parentheses shall not be
construed as limiting the claim. The word "comprise(s)" or "comprising" does not exclude the presence of elements or
steps other than those listed in a claim. The word "a" or "an" preceding an element does not exclude the presence of a
plurality of such elements. Measures recited in the claims may be implemented by means of hardware comprising several
distinct elements and/or by means of a suitably programmed processor. In a device claim enumerating several means,
several of these means may be embodied by one and the same item of hardware. The mere fact that certain measures
are recited in mutually different dependent claims does not indicate that a combination of these measures cannot be
used to advantage.

LIST OF REFERENCE SIGNS

[0040]
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100 user interface unit
102a, 102b, 102c, 102d capacitive sensors
104 usable area
200 user interface unit
202a, 202b, 202c, 202d, 202e capacitive sensors
300 user interface unit
302a, 302b, 302c, 302d, 302e capacitive sensors
304a, 304b, 304c, 304d intermediate regions
304e central region
400 user interface unit
402a, 402b, 402c, 402d, 402e sensor-specific electrodes
402f common electrode
500 user interface unit
502a, 502b, 502c, 502d, 502e sensor-specific electrodes
502f common electrode
600 smart card
602 processing module
604 antenna
606a, 606b, 606c, 606d, 606e sensor-specific signal lines
606f common signal line
700 processing module
702 sub-module
704 sub-module
706a, 706b, 706c, 706d, 706e sensor-specific signal lines
706f common signal line
708 optical feedback indicator
710a, 710b antenna terminals
800 processing module
802 monolithically integrated circuit
902, 904, 906, 908, 910 scanning steps
912 filter and weighted averaging step
914 position determination
1002, 1004, 1006, 1008 scanning steps
1012 filter and weighted averaging step
1014 position determination

Claims

1. A user interface unit for an electronic device, said user interface unit comprising a two-dimensional capacitive sensor
structure, wherein the capacitive sensor structure comprises an array of corner sensor elements each comprising
a capacitor over its area, and wherein the capacitive sensor structure further comprises a central sensor element
located between the corner sensor elements and comprising a capacitor over its area.

2. A user interface unit as claimed in claim 1, wherein the respective capacitors of neighbouring corner sensor elements
in each dimension extend towards each other thereby defining at least one intermediate region therebetween, the
area of the or each intermediate region covered by the respective capacitors being in a respective fixed ratio, and
wherein the intermediate regions in both dimensions define at least one central region therebetween, the area of
the or each central region being covered by the capacitor of the central sensor element.

3. A user interface unit as claimed in claim 1 or 2, wherein the central sensor element has a substantially octagonal
shape or a substantially rectangular shape.

4. A user interface unit as claimed in any preceding claim, wherein each capacitor has a first electrode and a second
electrode, wherein the first electrode is specific to the sensor element comprising the respective capacitor, and
wherein the second electrode is a common signal electrode.

5. A user interface unit as claimed in any preceding claim, wherein the at least one intermediate region is defined by
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interdigitated first electrodes of the capacitors extending from the neighbouring corner sensor units.

6. An electronic device comprising a user interface unit as claimed in any preceding claim, said electronic device further
comprising a processing unit for processing sensor signals generated by the user interface unit and a plurality of
signal lines for transmitting said sensor signals from the user interface unit to the processing unit, wherein each one
of the capacitors is connected to one of the signal lines, wherein each one of the capacitors is arranged to generate
one of the sensor signals and to transmit said one of the sensor signals to the processing unit through said one of
the signal lines.

7. An electronic device as claimed in claim 6, wherein the processing unit is arranged to execute a computer program
which applies a weighting function to the sensor signals generated by the user interface unit.

8. An electronic device as claimed in claim 6 or 7, said electronic device further comprising a wireless communication
module and a loop antenna for wireless communication, wherein the wireless communication module comprises
an integrated antenna cross-over, said integrated antenna cross-over comprising a first antenna terminal of the
wireless communication module being located outside the loop of the antenna and a second antenna terminal of
the wireless communication module being located inside the loop of the antenna.

9. An electronic device as claimed in claim 8, wherein the processing unit and the wireless communication module
are comprised in a monolithically integrated circuit.

10. An electronic device as claimed in claim 8 or 9, wherein the user interface unit and the loop antenna are integrated
in a single-layer printed circuit-board.

11. An electronic device as claimed in any one of claims 6 to 10, wherein the user interface unit is arranged to identify
a touch-based user input interaction within a plurality of different areas formed by predefined position boundaries,
and wherein each one of the different areas represents a particular key of a keypad.

12. An electronic device as claimed in any one of claims 6 to 11, said electronic device further comprising a user feedback
indicator for guiding a user through a touch-based user input process.

13. An electronic device as claimed in any one of claims 6 to 12, wherein the user interface element is arranged to
receive a touch-based user input which represents a gesture for activating a function of the electronic device.

14. An electronic device as claimed in any one of claims 6 to 13, being a smart card, a controller for controlling a
consumer device, a controller for controlling a white good appliance, or a controller for controlling a vehicle compo-
nent.

15. A method of manufacturing a user interface unit for an electronic device, the method comprising providing the user
interface unit with a two-dimensional capacitive sensor structure, providing the capacitive sensor structure with an
array of corner sensor elements each comprising a capacitor over its area, and providing the capacitive sensor
structure with a central sensor element located between the corner sensor elements and comprising a capacitor
over its area.
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