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(57) Abstract: Provided isa sensor system (1) comprising a first sensor device (10) and a second capacitive sensor device (20) for
detecting amovement of the object relative to a detection surface, wherein the sensor system may be operated in a first mode of op -
eration and in a second mode of operation, wherein the sensor system may be switched over from the first mode of operation into the
second mode of operation, wherein the second capacitive sensor device (20) comprises a number of second sensor electrodes (21),
and wherein in the sensor system at least in the second mode of operation at least one signal path (GND, R gypass, PIN) connectable
with apredetermined fixed electric potential (GND) isprovided, which isparallel to aparasitic capacitance (CPARA) of the first sensor
device (10). Further provided is a method for reducing a settling time of the second capacitive sensor device (20) for detecting a
movement of an object relative to the detection surface, wherein the second capacitive sensor device is part of the sensor system (1)
according to the invention, wherein at least in the second mode of operation in the sensor system the at least one signa path (GND,
rBYPASS, PIN) is connected with apredetermined fixed electric potential (GND), wherein the signal path isparallel to the parasitic ca-
pacitance (Cpagra) Of the first sensor device.
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Sensor system and method for reducing a settling time of a sensor system

Field of the invention

The invention relates to a sensor system and a method for reducing a settling time of a
sensor system according to the invention. The invention further relates to a capacitive sensor
device for detecting a contact by an object with a detection surface, which is designed to
reduce the settling time of a further capacitive sensor device in a sensor system according to

the invention.

Prior art and background of the invention

Known in prior art are capacitive sensor devices for detecting a contact by an object
with a detection surface. Such sensor devices also are known as capacitive touch sensors.
Furthermore, known in prior art are capacitive sensor devices for detecting a movement of an
object relative to a detection surface. These sensor devices also are known as capacitive

movement sensors.

Contacts with a detection surface, for example by afinger, may be detected by means
of the capacitive touch sensors, while movements of afinger relative to a detection surface
and in a certain distance from the detection surface may be detected by means of capacitive

movement sensors.

In this connection it is desired to detect contacts by afinger a a detection surface as
well as movements of the finger in front of the detection surface relative to the detection
surface. To do so, a sensor device may be provided, which comprises a capacitive touch
sensor aswell as a capacitive movement sensor. Both the capacitive touch sensor and the
capacitive movement sensor each have anumber of sensor electrodes by means of which a
contact and amovement are detected, respectively. The sensor electrodes of the touch sensor
and of the movement sensor are arranged relative to the detection surface such that in a
certain area of the detection surface, preferably in the whole area of the detection surface,
both a contact with the detection surface aswell as amovement relative to the detection

surface may be detected.
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In order to detect both a contact aswell as amovement by means of the respective
capacitive sensor it may berequired to operate the capacitive touch sensor and the capacitive
movement sensor within different time intervals, so that in one instant of time always only
one of the two capacitive sensors is active. In order to detect a contact aswell as amovement
ideally a the same time it may be advantageous to switch back and forth between the
operation of the touch sensor and of the movement sensor within relatively short time
intervals. This isto mean that when the touch sensor is active the movement sensor is

inactive and vice versa.

However, switching over from the touch sensor to the movement sensor has the
disadvantage that the output signal and the sensor signal, respectively, of the movement
sensor has arelatively long settling phase immediately after the activation of the movement
sensor, which may last several seconds, so that the sensor signal of the movement sensor in
the worst case only may be evaluated correctly after several seconds. Settling times
comprising durations that long are not acceptable for practical applications, in particular

when a signal processing has to be carried out in real-time.

However, this problem aso occurs when another sensor deviceisused instead of a

touch sensor.

Goal of the invention

Therefore it isthe goa of the invention to provide solutions which allow for a
combination of a sensor, in particular atouch sensor, and of amovement sensor, in order to
detect both a contact with a detection surface aswell as amovement of an object relative to
the detection surface and wherein at least during switching over from the touch sensor to the
movement sensor the settling time of the movement sensor isreduced and minimized,

respectively.

Solution according to the invention

According to the invention this goal isreached by means of a sensor system
comprising afirst sensor device and a second capacitive sensor device for detecting a
movement of an object relative to a detection surface, by means of amethod for reducing a
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settling time of a capacitive movement sensor in a sensor system according to the invention,
aswell asby means of a capacitive sensor device for detecting acontact by an object with a
detection surface according to the independent patent claims. Advantageous embodiments

and advanced embodiments of the invention are given in the respective dependent claims.

According to that, provided isasensor system comprising afirst sensor device and a
second capacitive sensor device for detecting amovement of the object relative to a detection
surface, wherein the sensor system may be operated in afirst mode of operation and in a
second mode of operation, wherein the sensor system may be switched over from the first
mode of operation into the second mode of operation, wherein the second capacitive sensor
device comprises anumber of second sensor eectrodes, and wherein in the sensor system at
least in the second mode of operation at least one signal path connectable with a
predetermined fixed electric potential isprovided, which isparallel to aparasitic capacitance

of the first sensor device.

The predetermined fixed electric potential at least may comprise one of ground
potential, supply voltage, half of the supply voltage (V ./2), and an electric potential between
ground potential and supply voltage.

The signal path may be connected with the predetermined €electric potential via an

electric resistance RBYPASS

By means of the signal path at least one terminal of the first sensor device may be

coupled with the predetermined electric potential via the electric resistance Rg,pASS

The first sensor device may comprise a capacitive sensor device for detecting a
contact by an object with a detection surface, wherein the first capacitive sensor device
comprises anumber of first sensor electrodes, wherein in the first mode of operation a contact
may be detected, and wherein in the second mode of operation the movement may be

detected.
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By means of the signal path

- a least one electrode of the first sensor electrodes may be coupled with the
predetermined electric potential via the electric resistance RgypASS, Of

- a least that first sensor electrodes may be coupled with the predetermined electric
potential via arespective electric resistance Rg,pAss, Whose distance from the second

sensor electrodes isbelow apredetermined value.

Provided in the signal path may be a switching device, which is designed to connect
the signal path with the predetermined fixed electric potential in the second mode of

operation.

Furthermore, provided isamethod for reducing a settling time of a second capacitive
sensor device for detecting amovement of an object relative to a detection surface, wherein
the second capacitive sensor device ispart of asensor system, which in addition comprises a
first sensor device, wherein the sensor system isoperated in afirst mode of operation or in a
second mode of operation, wherein at least in the second mode of operation in the sensor
system at least one signal path is connected with apredetermined fixed electric potential,

wherein the signal path isparallel to the parasitic capacitance of the first sensor device.

The signal path may be connected with the predetermined electric potential via an

electric resistance RBYPASS

The first sensor device may comprise a capacitive sensor device for detecting a
contact by an object with a detection surface, wherein the first capacitive sensor device
comprises anumber of first sensor electrodes, wherein in the first mode of operation a contact

is detected, and wherein in the second mode of operation the movement is detected.

By means of the signal path

- a least one terminal of the first capacitive sensor device may be connected with the
predetermined electric potential via the electric resistance RgypASS, Of
- a least one electrode of the sensor electrodes of the first capacitive sensor device may

be connected with the predetermined electric potential via the electric resistance

RBYPASS-
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Further provided isasensor device for detecting a contact by an object with a
detection surface, wherein the sensor device comprises anumber of sensor electrodes and
wherein provided inthe sensor device isat least one signal path connectable with a
predetermined fixed eectric potential, which isparalle to the parasitic capacitance of the

sensor device.
By means of the signal path

- at least one terminal of the sensor device may be coupled with the predetermined
electric potential via an electric resistance RgypASs, and/or
- at least one electrode of the sensor electrodes may be coupled with the predetermined

electric potential via the electric resistance RgypASS

The sensor device may comprise a capacitive sensor device.

Short description of the drawings
Details and characteristics of the invention aswell as concrete embodiments of the
invention result from the following description in connection with the drawing.

Fig. 1shows asensor system according to the invention comprising a capacitive touch
sensor and a capacitive movement sensor and which is adapted to reduce the settling time of

the capacitive movement sensor;
Fig. 2 shows an alternative embodiment of a sensor system according to the invention;

Fig. 3ashows the temporal course of asensor signal of a capacitive movement sensor

without areduction of the settling time according to the invention; and

Fig. 3b shows the signal course of asensor signal of a capacitive touch sensor

comprising areduction of the settling time according to the invention.
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Detailed description of the invention

Fig. 1shows asensor system 1 according to the invention, which comprises a
capacitive sensor device 10 for detecting a contact by an object with a detection surface and a
capacitive sensor device 20 for detecting amovement of an object relative to the detection
surface. In the following, the capacitive sensor device 10 is designated as touch sensor, the
capacitive sensor device 20 is designated as movement sensor. Instead of the touch sensor the

sensor system 1 according to the invention also may comprise other sensor devices.

In the following, however, the invention is described on the basis of a sensor system

1, which comprises atouch sensor and amovement sensor.

For convenience, only one sensor electrode 11 of the touch sensor 10 and only one
sensor electrode 21 of the movement sensor 20 are shown in Fig. 1. In aconcrete
embodiment of the sensor system 1the touch sensor 10 has anumber of sensor electrodes 11

and the movement sensor 20 has anumber of sensor electrodes 2 1.

The touch sensor 10 and the movement sensor 20 are operated alternately, thisisto
mean that touch and movement are detected alternately by means of operating the sensor
system lalternately in afirst mode of operation and in a second mode of operation.

In the second mode of operation (detection of amovement of an object relative to the
detection surface by means of the movement sensor 20) the sensor electrode 21 of the
movement sensor 20 measures the overall capacitance to ground, which consists of the
capacitance of the object to be detected and an unavoidable parasitic capacitance (basic
capacitance). The basic capacitance substantially is composed of the capacitance of the
sensor electrode 2 1 of the movement sensor 20, the pin capacitance Ciy of the touch sensor
10 and the capacitance CpAr,- During the interpretation of the measurement results of the
movement sensor 20 the basic capacitance is assumed to be constant. In practice this
assumption has been confirmed by means of measurements carried out over extended time
intervals. However, due to internal effects of semiconductor technology this assumption does
not apply directly after the switching actions.

After switching over from the first mode of operation into the second mode of
operation the de-activated touch sensor 10 theoretically should not show any effect on the
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above-mentioned basic capacitance. In practice, however, this basic capacitance is affected

by the following effect:

A small leakage current | ., aways present in the real components leads to the fact
that the DC potential at the terminals PIN of the touch sensor 10 varies over time as aresult
of the charge / discharge of the capacitances present at the terminal. Asaresult of the internal
construction of the integrated circuit the internal capacitance depends on the voltage at the
terminal, for example because the structures integrated as aprotection against electrostatic
discharges have p-n junctions (diodes), which normally are operated in areverse-biased

manner.

The voltage dependency of the diode capacitance iswell known. These effects result
in that the overall basic capacitance varies over time. The practical time constants of this

variation have magnitudes of severa seconds.

However, it is exactly this capacitance variation, which results in settling processes at

the measurement signals of the movement sensor 20.

In order to reduce the settling time of the movement sensor 20 in any case in the
second mode of operation, i.e. in the mode in which the movement of an object relative to the
detection surface is detected, asignal path isprovided that is connected with afixed electric
potential 40 and that is paralldl to the parasitic capacitance of the touch sensor 10. In Fig. 1
the fixed eectric potential 40 is ground GND of the sensor system. However, the fixed
electric potential 40 also may be a supply voltage V . or haf of asupply voltage, V /2. The
fixed electric potential 40, however, aso may be formed in another suitable manner and in

particular may be between ground GND and supply voltage V .

Here, provided in the signal path isan electric resistance Rg,pAss via which the signal
path is connected with the fixed electric potential 40. A terminal PIN of the touch sensor 10
may be coupled with the fixed electric potential 40 by means of the signal path. Likewise, the
sensor electrode 11 of the touch sensor 10 may be coupled with the fixed electric potential
40. In both cases the coupling with the fixed electric potential 40is carried out via the electric

resistance RBYPASS

In an embodiment of the invention all the sensor electrodes 11 of the touch sensor 10

may be coupled with the fixed electric potential 40 via the electric resistance Rpg,pASS
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However, it also may be advantageous, in particular to reduce the manufacturing costs
of the sensor system, only to connect those sensor electrodes 11 of the touch sensor 10 with
the fixed electric potential 40 viathe electric resistance Ry pass that are located in direct
vicinity of the sensor electrodes 2 1 of the movement sensor 20. In this connection those
sensor electrodes 11 may be selected whose distance from the next sensor electrode 21 falls
below a certain value.

According to the invention the signal path for connecting the terminals PIN and for
connecting the sensor electrodes 11 with the fixed electric potential 40 also may be formed
without the electric resistance Rgy pass-Providing the electric resistance Rgypass in the signal
path, however, has the advantage that the variation of potentia at the terminal PIN during
switching over from the first mode of operation into the second mode of operation may be

adapted and adjusted, respectively, for example by providing respective resistance values.

Tests have shown that with arespective selection of resistance values the electric
resistances Rgypass do not affect the touch sensor 10 and do not affect the contact detection.
The contact position and the contact, respectively, also are correctly detected when using the

electric resistance RgypAss in the signal path.

By means of providing the signal path the settling time of the movement sensor 20
after the changeover from the first mode of operation into the second mode of operation is
reduced because the variation of the potential at the terminals PIN, which is caused by the
changeover from the first mode of operation into the second mode of operation, is adapted
correspondingly.

Fig. 2 shows an alternative embodiment of a sensor system according to the invention.
The sensor system shown in Fig. 2 substantially corresponds to the sensor system shown in

Fig. 1.

In the sensor system 1 shown in Fig. 2 an electric switch 50 is provided in the signal
path to separate the signal path from the fixed electric potential 40. For example, it may be
advantageous to open the electric switch 50 when the sensor device 1isin the first mode of
operation, in which a contact of the detection surface is detected, because then the movement
detection isinactive and therefore no reduction of a settling time of the movement sensor 20
isrequired.
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In aparticular embodiment of the sensor system 1the signal path also may be
provided in the touch sensor 10 in order to connect the sensor electrodes 11 and the terminals
PIN, respectively, with afixed electric potential 40. Fig. 3a shows asignal course of a sensor
signal of amovement sensor in a sensor system comprising amovement sensor and atouch
sensor, wherein no measures for reducing the settling time of the movement sensor are
provided. At first the sensor system is operated in the second mode of operation BM2.
Thereafter a switchover from a second mode of operation BM2 into the first mode of
operation BM1 is carried out, in which the contacting of a sensor surface by an object is
detected. Subsequently a switchover from the first mode of operation BM1 into the second

mode of operation BM2 is carried out.

Ascan be seenin Fig. 3athe signal requires arelatively long time until it has settled
(about t = 2 seconds). Only after the settlement of the signal it may be used for movement
detection without further actions. Between the time of the switchover from the first mode of
operation BM1 into the second mode of operation BM2 and the time at which the sensor
signal has settled substantialy, either no movement detection may be carried out or additional

measures have to be provided in order to detect amovement from the signal not yet settled.

Fig. 3b shows the course of asignal of asensor signal of amovement sensor in a
sensor system comprising atouch sensor and amovement sensor, wherein the sensor system
provides the measures for reducing the settling time of the movement sensor described with
relation to Fig. 1.

In contrast to the signal course shown in Fig. 3athe settling time of the movement
sensor after the switchover from the first mode of operation BM1 into the second mode of
operation BM2 has been reduced significantly and almost has been eliminated, respectively,
wherein an idealized signal courseis shown in Fig. 3b.

The reduction according to the invention of the settling time of the capacitive
movement sensor has the advantage that almost immediately after the switchover into the
second mode of operation BM2 a settled sensor signal is present so that already immediately
after the switchover of the mode of operation amovement detection may be carried out
without additional measures having to be provided, asit would bethe case with a signal

course according to Fig. 3a, for example.
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The sensor system according to the invention and the method according to the
invention for reducing the settling time of the sensor signal of the movement sensor in
addition have the advantage that noise in the sensor signal of the movement sensor is reduced
significantly. A further advantage isthat the signal processing is simplified considerably,
because an extensive signal processing of the settling and not yet settled signal, respectively,
may be forgone, so that more time and more calculating time, respectively, is available for
other applications. In addition, the precision of detection of the movement detection may be
improved significantly, because potential inaccuracies in the movement detection are

eliminated to the greatest possible extent by means of the reduction of the settling time.

The sensor system according to the invention, for example, may be used in devices, in
particular electric handheld devices, which comprise atouch sensitive and approach sensitive
input surface, for example atouch panel. For example, the electric handheld device may be a
mobile cell phone, a cordless telephone, a mobile mini-computer, atablet PC or the like.

Furthermore it is possible according to the invention to combine commercially
available and existing touch sensors, respectively, with amovement sensor in order to
provide a sensor system according to the invention. In this connection it only hasto be
ensured that a corresponding signal path, if applicable comprising an electric resistance
RgypAss is provided in the sensor system, which connects the sensor electrodes and/or the
terminals of the touch sensor a least in the second mode of operation of the sensor system

with afixed electric potential.

Furthermore it is possible according to the invention to integrate the above described
electric resistance Ry, pAss directly into the touch sensor. The touch sensor often only is an
integrated circuit 1C or asingle chip system SoC, in which internal structures may be
switched on and off. In addition also other measures may be provided to suppress the
temporal variation of the pin capacitance, for example suitable transistor circuits and

transistor devices, respectively.
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Claims

1. A sensor system (1) comprising afirst sensor device (10) and a second capacitive
sensor device (20) for detecting amovement of the object relative to a detection surface,
wherein the sensor system (1) may be operated in afirst mode of operation (BM1) and in a
second mode of operation (BM2), wherein the sensor system (1) may be switched over from
the first mode of operation into the second mode of operation, wherein the second capacitive
sensor device (20) comprises anumber of second sensor electrodes (21), and wherein in the
sensor system (1) at least in the second mode of operation (BM2) at least one signal path
connectable with apredetermined fixed eectric potential (40) isprovided, which isparale to

aparasitic capacitance of the first sensor device (10).

2. The sensor system of claim 1, wherein the predetermined fixed eectric potential (40)
comprises at least one of ground potential (GND), supply voltage (V..), haf of the supply
voltage (V ./2), and an electric potential between ground potential (GND) and supply voltage

(Vee).

3. The sensor system of claim 1or 2, wherein the signal path is connected with the

predetermined electric potential (40) via an electric resistance RgypASS

4, The sensor system of claim 3, wherein by means of the signal path at least one
terminal (PIN) of the first sensor device (10) is coupled with the predetermined electric

potential (40) via the electric resistance (Rg,pASS-

5. The sensor system of one of the preceding claims, wherein the first sensor device (10)
comprises a capacitive sensor device for detecting acontact by an object with a detection
surface, wherein the first capacitive sensor device (10) comprises anumber of first sensor
electrodes (11), wherein in the first mode of operation (BM1) acontact may be detected, and

wherein in the second mode of operation (BM2) the movement may be detected.
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6. The sensor system of claim 5, wherein by means of the signa path

- a least one electrode of the first sensor electrodes (11) is coupled with the
predetermined electric potential (40) via the electric resistance (RgypAsS), or

- a least those first sensor electrodes (11) are each coupled via one electric resistance
(RgypAss) with the predetermined electric potential (40), whose distance from the second

sensor electrodes (11) isbelow apredetermined value.

7. The sensor system of one of the preceding claims, wherein a switching device (50) is
provided in the signal path that is designed to connect the signa path with the predetermined
fixed electric potential (40) in the second mode of operation (BM2).

8. A method for reducing a settling time of a second capacitive sensor device (20) for
detecting amovement of an object relative to a detection surface (30), wherein the second
capacitive sensor device (20) ispart of asensor system (1) that in addition comprises afirst
sensor device (10), wherein the sensor system (1) isoperated in afirst mode of operation
(BMI) or in asecond mode of operation (BM2), wherein at least in the second mode of
operation (BM2) at least one signal path isconnected with apredetermined fixed electric
potential (40) in the sensor system (1), wherein the signal path isparallel to the parasitic

capacitance of the first sensor device (10).

9. The method of claim 8, wherein the signal path is connected with the predetermined

electric potential (40) via an electric resistance (RgypASS)-

10. The method of one of claims 8 or 9, wherein the first sensor device (10) comprises a
capacitive sensor device for detecting acontact by an object with a detection surface, wherein
the first capacitive sensor device (10) comprises anumber of first sensor electrodes (11),

wherein in the first mode of operation (BMI) acontact is detected, and wherein in the second

mode of operation (BM2) the movement is detected.
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11. The method of claim 10, wherein by means of the signal path

- at least one terminal (PIN) of the first capacitive sensor device (10) is connected
with the predetermined electric potential (40) via the electric resistance (RgypASS), Of

- a least one eectrode of the sensor electrodes (11) of the first capacitive sensor
device (10) is connected with the predetermined electric potential (40) via the electric

resistance (RBYPASS).

12. A sensor device (10) for detecting acontact by an object with a detection surface (30),
wherein the sensor device (10) comprises anumber of sensor electrodes (11), wherein at least
one signal path connectable with apredetermined fixed electric potential (40) isprovided in

the sensor device (10), which isparalld to the parasitic capacitance of the sensor device (10).

13. The sensor device of claim 12, wherein by means of the signal path

- at least one terminal (PIN) of the sensor device (10) is coupled with the
predetermined electric potential (40) via an electric resistance (RgypAss), and/or

- a least one eectrode of the sensor electrodes (11) is coupled with the predetermined

electric potential (40) via the electric resistance (Rg,pAS9-

14. The sensor device of claim 12 or 13, wherein the sensor device comprises a capacitive

sensor device.
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