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1.
DESCRIPTION
Title of Invention

TOUCH PANEL SYSTEM AND ELECTRONIC DEVICE

Technical Field

The present invention relates to a touch panel system
and an electronic device including the touch panel system.
Particularly, thé present invention relates to a touch panel
system and an electronic device each of which is capable of
reliably and effectively removing (canceling) a noise generated
by a display device, etc. and prevénting an incorrect operation
caused by an unintended contact of an object with a touch

panel.

Background Art‘

Recently, introduction of touch panel systems to
various kinds of electronic devices has been growing rapidly.
For example, the touch panel systems are introduced to
portable information devices such as smartphones and
automatic vending machines such as automatic ticket
machines.

The touch panel system is typically configured to
include (i) a display device and (ii) a touch panel stacked on an
upper side (front surface) of the disp.lay device. Therefore, a

sensor provided on the touch panel is likely to be affected not
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only by a noise such as a clock generated in the display device
but also By other noises coming from the outside. Such the
noises lead to impairment in detection sensitivity for a touch
operation.

Patent Literature 1 describes a touch panel system
(coordinates input device) including a countermeasure against
such noises. The touch panel system of Patent Literature 1
includes a noise processing section for removing a noise. Fig.
19 is a block diagram illustrating a noise processing section
100 included in the toﬁch panel system of Patent Literature 1.
As shown in Fig. 19, the noise processing section 100 includes
a filter séction 101, -anlogical inversion section 102, and an
adding section 103. The filter section 101 receives an output
signal (analog signal) from a sensor provided in a touch panel
(not illustrated). The filter section 101 extracts, as a noise
signal, an AC signal component includéd in the input signal.
The logical inversion séction 102 inverts by 180° the phase of
the noise signal thus extracted. The adding section 103 adds,
to the input signal which is supplied to the filter section 101
and which includes the noise signal, the noise signal whose
phas_e has been inverted by 180°.

Thus, according to the touch panel system of Patent
Literature 1, the noise signal extracted by the filter section
101 is inverted, and the signal thus inverted is added to the

input signal (analog signal) supplied from the sensor. Namely,
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to the noise component included in the input signa-l supplied
from the sensor, such a signal is added which has the same
level as the noise component and whose phase has been
inverted. This cancels the noise superimposed on the input
signal supplied from the sensor. This makes it possible to
reduce effects given by the noise included in the input signal
supplied from the sensor.

Meanwhile, currently, introduction of a touch panel
system into various kinds of electronic device including
portable information devices such as smartphones and
automatic vénding machines such as automatic ticket vending
machines is rapidly progressing.

In such electronic de&ices, there is a demand for a
technique fdr preventing an incorrect operation caused by an
unintended contact of an object with a fouch panel.

For example, in a case where a user operates such an
electronic device while celrryihg it in a user's hand, contact of
the hand holding the electronic device with a touch panel is
judged as a touch on the touch panel. Based on this judgment,
an incorrect operation would occur in the electronic device.
The incorrect operation caused by such a mechanism is
expected to océur in a case where the electronic device is a
portable apparatus such as a smartphone, a tablet-type
terminal, notebook computer, or the like. This reduces

convenience of a user.
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Fig. 36 is a diagram explaining this mechanism. As
illustrated in Fig. 36, when a hand (object) .73 holding a
tablet-type terminal 71 makes contact with a touch panel 72 of
the tablet-type terminal 71, the contact is judged as a touch
on the touch panel 72. This reduces convenience of a"user as
mentioned above.

The problem of an incorrect operation caused by such a
mechanism is expected to more frequently occur as a width of.
a frame with respect to a display screen in which a touch panel
is provided becomes narrower.

Patent Literature 2 discloses a technique for preventing
an incorrect operation of continuously detecting a specific
coordinate position although no touch is made to a touch
panel.

According to an input device disclosed in Patent
Literature 2, in a case wh¢re detection of a specific coordinate
position continues for a predetermined period of time, it is
determined whether or not a difference between a detection
value based on a change of an electrostatic field betwgen
electrodes and a reference value falls in a predetermined
update detection range. In ‘a case where the difference falls in
the predetermined update detection range, the reference value
is updated to the detection value. Note that the reference value
is a value which serves as a standard by which presence or

absence of a touch is judged based on the detection value. In a
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case where the detection value in a specific coordinate
position is not less than the reference value or in a case where
the detection value in a specific coordinate position is above
the reference value, it is determined that a touch has been
made to the coordinate position.

In this way, according to the input device disclosed in
Patent Literature 2, it is possible to prevent an incorrect
operation of continuously detecting a specific coordinate
position although no touch is made to a touch panel. Moreover,
sensitivity of detection may be improved by detecting presence
or absence of a touch on the basis of the updated reference’

value.

Citation List
[Patent Literature]
Patent Literature 1
Japanese Patent Application Publication, Tokukai, No.
2001-125744 A (Publication Date: May 11, 2001)
Patent Literature 2
Japanese Patent Application Publication, Tokukai, No.

2007-286814 A (Publication Date: November 1, 2007)

Summary of Invention
Technical Problem

However, the touch panel system of Patent Literature 1
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has a problem of being incapéble of removing noises other
than an AC signal component.

Specifically, as described above, with respect to an
input signal supplied from the sensor, the touch panel system
of Patent Literature 1 regards as a noise an AC signal
component included in the input signal. The filter section 101
extracts the AC signal, and thereafter ‘the logical inversion
section 102 inverts the phase of the AC signal by 180°. Further,
the adding section 103 adds the inverted signal to the input
signal which includes the AC signal component. Thus, for the

noise processing according to Patent Literature 1, the process

-performed by the filter section 101 for extracting the AC signal

component is the most important.

However, Patent Literature 1 fails to disclose details of
the configuration éf the filter section 101. Therefore, it is
unknown how much noise the touch panel systerﬁ of Patent
Literature 1 can remove. Furtherrﬁore, Patent Literature 1
regards as a noise an AC signal component included in an
analog signal. Namely, the touch panel system of Patent
Literature 1 basically assumes removal of an impulse noise
only, and does not assume, as the subject of removal, noises
other than the impulse noise. Therefore, the touch panel
system of Patent Literature 1 cannot reliably cancel a wide
variety of noises other than the impulse noise.

According to the input device disclosed in Patent
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Literature 2, a reference value is updated to a detection value
which exceeds the reference value. Accordingly, there arise
cases where a detection value which is not less than the
reference value or above the reference value before the update
is deemed as a value which is below the reference value or not
more than the reference value after the update.

That is, in .the input device disclosed in Patent
Literature 2, a standard by which presence or absence of a
touch is judged changes before and after the update of the
reference value. Accordingly, there is a.possibility that a touch
on the touch panel is not judged as a touch. That is, there
arises a problem that sensitivity of detection of presence or
absence of a touch declines.

The present invention was made in view of the foregoing
problem of the conventional technique, and an object of the
present invention is to provide a touch panel system and an
electronic device each of which is capable of reliably removing
a wide 'variety of noises.

Another object of the present invention is to provide a
touch panel system which is capable of preventing an
incorrect operation caused by an unintended contact of én

object with a touch panel while suppressing a decline in

“sensitivity of detection of presence or absence of a touch on

the touch panel. Another object of the present invention is to

provide an electronic device including the touch panel system.



10

15

20

25

WO 2012/176639 PCT/JP2012/064858

Solution to Problem

In order to attain the foregoing object, a touch panel
system of the present invention includes: a touch panel; and a
touch panel controller for processing a signal supplied from
the touch panel, the touch panel including (i) a main sensor
section for detecting a touch operation performed with respect
to the touch panel and (ii) a sub sensor section provided in a
surface of the touch panel in which surface the main sensor
section is provided, the touch panel controller including a

subtracting section for (i) receiving a signal supplied from the

-main sensor section and a signal supplied from the sub sensor

section and (ii) subtracting, from the signal supplied from the
main sensor section, the signal supplied from the sub sensor
section, the main sensor section being provided with a
plurality of sense lines, the sub sensor section being provided
with a sub sense line extending along a direction in which the
sense lines extend., the subtracting section finding a first
difference which is expressed by (Sn+1) - Sn, the first
difference corresponding to a difference between (i) a signal of
a sense line Sn which is selected from the plurality of sense
lines and (ii) a sign‘al of a sense line Sn+1, which is one of two
sense lines adjacent.to the sense line Sn, the two sense lines
being the sense line Sn+1 and é sense line Sn-1 each of which

is included in the plurality of sense lines, the subtracting
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section finding a second difference which is expressed by Sn -
(Sn-1), the second difference corresponding to a differe'nce
between (i) the signal of the sense line Sn and (ii) a signal of
the sense line Sn—l; which is the other one of.the two sense
lines, the subtracting section finding a third difference, the
third difference corresponding to a difference between (i) a
signal of the sub sense line and (ii) a signal of a sense line
adjacent to the sub sense line which sense line is included in
the plurality of sense lines, the touch panel controller
including an adding section for adding up the first difference,
the second difference, and the third Vdifference, the touch
panel system further comprising a touch invalidating sectioﬁ
which, in a case where a specific point of a touch panel is
continuously touched for a predetermined period of time,
invalidates an instruction that is given, in accordance with the
touch, to an electronic device including the touch panel, the
touch invalidating section judging whether or not the touch
continues for a touch time threshold value which is a period of
time corresponding to the predetermined period of time, and in
a case where the point is continuously touched for the
predetermined period of time, the touch invalidating section
invalidating an instruction corresponding tb a next touch on
the point.

According to the above configuration, the main sensor

section and the sub sensor section are provided in (on) the
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same surface of the touch panel. This allows both of (i) an
output signal supplied from the main sensor section and (ii) an
output signal supplied from the sub sensor section to include
various kinds of noise signals reflected in the touch panel.
Furthermore, the subtracting section finds a difference
between (i) the output signal supplied from the main sensor
section which signal includes a signal derived from the touch
operation and the noise signals and (ii) the output signal
supplied from the sub sensor section which signal includes
the noise signals. This removes the noise components from the
output signal supplied from the main sensor section, thereby
extracting the signal derived from the touch operation itself.
This makes it possible to reliably remove (cancel) a wide
variety of noises reflected in the touch panel.

Further, according to the above configuration; the
subtracting section obtains a difference signal value between
sense lines adjacent to -each -other. Namely, a difference is
found between the adjacent sense lines, which have a higher
correlation in terms of noise. Furthermore, from an output
signal supplied from each sense line, a signal (noise signal) of
the sub sense line is removed. This makes it possible to
remove a noise more reliably.

Further, according to the above configuration, in a case
where a specific point of the touch panel is continuously

touched for a predetermined period of time, the touch -
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invalidating section invalidates an instruction that is given, in
accordance with the touch, to the electronic device.
Accordingly, in a case where an unintended contact of an
object with the touch panel continues, such as a case where a
hand holding the electronic device makes contact with the
touch panel, an instruction corresponding to the contact is
not executed. Consequently, it is possible to prevent an
incorrect operation caused by an unintended contact of an
object with the touch panel.

Further, according to the above configuration, it is
unnecessary to change a standard by which presence or
absence of a touch is judged for the purpose of preventing
such an incorrect operation. It is therefore possible to
suppress a decline in sensitivity of detection of presence or
absence of a touch.

Further, acco'rding to the above configuration, it is
possible to judge, with a simple configuration, whether or not-
the point is continuously touched for the predetermined
period ofvtime.

Further, according to the above configuration, even in a
case where an ﬁnintende_d contact of an object with the touch
panel frequently occurs in a short time, it is possible to
prevent an incorrect operation, which can occur every time the
contact is made, by causing the touch invalidating section to

function just once.
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In order to attain the foregoing object, another touch
panel system of the present invention includes: a touch panel;
and a touch panel controller for processing a signal supplied
from the touch panel, the touch panel including a sensor
section, the sensor section being provided with a plurality of
sense lines and detecting a touch operation performed with
respect to the touch panel, the touch panel controller
including a subtracting section for (i) receiving signals from
the sensor section and (ii) finding differences in signal
between, among the sense lines, respective pairs of sense lines
adjacent to each other, the touch panel | system further
comprising: drive lines provided so as to intersect the sense
lines; a drive line driving circuit for driving the drive lines in
parallél; and capacitvances being fofmed between the sense
lines and the drive lines, the subtracting section receiving
output signals from the sensé lines, and finding differences
between the capacitances on each of the drive lines in a
directionv in which the each of the drive lines extends, the
differences being found as the differences in signal between
the respective pairs of the sense lines adjacent to each other,
the touch panel systém further including: a decoding section
for decoding the values of the differences between thé
capacitances, which differences are found by the subtracting
section, the decoding being carried out in such a manner that

an inner product of each of code sequences for driving the
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drive lines in parallel and each of difference output sequences
of the sense lines, which difference output sequences
correspond to the code sequences, is calculated; and a switch
for switching a signal to be supplied to the subtracting section
so that the subtracting section finds a firstvdifferen‘ce which is
expressed‘ by (Sﬁ+1) - Sn or a second difference which is
expressed by Sn - (Sn-1), the first difference corresponding to
a differénce between (i) a signal of a sense line Sn which is
selected from the plurality of sense lines and (ii) a signal of a.
senée line Sn+1, which is one of two sense lines adjacent to the
sense line Sn, the two sense lines being the seﬁse line Sn+1
and a sense line Sn-1 each of which is included in the plurality
of sense lines, the second difference corresponding to a
difference between (i) the signal of the sense 1ine Sn and (ii) a
signal of the sense line Sn-1, which is the other one of the two
sense line_s, the touch panel system further comprising a
touch invalidating section which, in a case where a specific
point of a touch panel is continuously touched for a
predetermined period of time, invalidates an instruction that
is given, in accordance with the touch, to an electronic device
including the touch panel, the touch invalidating section
judging whether or not the touch continues for a touch time
threshold value which is a period of time corresponding to the
predetermined period of time, an’d‘in a case where the point is

continuously touched for the predetermined period of time,
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the touch invalidating section invalidating an instruction
corresponding to a next touch on the point.

In order to attain the foregoing object, another touch
panel system of the present invention includes: a touch panel;
and a touch panel controller for processing a signal supplied
from the touch panel, the touch panel including a sensor
section, the sensor section being provided with a plurality of
sense lines and detecting a touch operation performed with
respect to the vtouch panel, the touch panel controller
including a subtracting section for (i) receiving signals from
the sensor section and (ii) finding differences in signal
between, among the sense lines, respective pairs of sense lines
adjacent to each other, the touch pariel system further
comprising: drive lines provided so as to intersect the sense
lines; a drive line driving .circuit for driving the drive lines in
parallel; and capacitances being formed between the sense
lines and the drive lines, the subtracting section receiving
output signals from the sense lines, and finding differences
between the capacitances on each of the drive lines in a
direction in which the each of the drive lines extends, the
differences‘being found as the differences in signal between
the respective pairs of the sense lines adjacent to each other,
the touch panel system further including: a decoding section
for decoding the wvalues of the differences between the

capacitances, which differences are found by the subtracting
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section, the decoding being carried out in such a manner that
én inner product of each of code sequences for driving the
drive lines in parallel and each of difference output sequences
of the sense lines, which 'differénce output sequences
correspond to the code sequences, is calculated, the touch
panel system further comprising a touch invalidating section
which, in a case whereva specific point of a touch panel is
continuously touched for a predetermined period of time,

invalidates an instruction that is given, in accordance with the

touch, to an electronic device including the touch panel, the

touch invalidating section judging whether or not the touch
continues for a touch time threshold value which is a period of
time corresponding to the predetermined period of time, and in
a case where the point is continuously touched for the
predetermined period of time, the touch invalidating section
invalidating an instruction corresponding to a next touch on
the point.

According to the above configurations, the subtracting
section obtains difference in signal valueé between the
respective pairs of the sense lines adjacent to each other.
Namely, each difference is found between the adjacent sense
lines, which have a higher correlation in terms of noise. This
removes a noise component from the output signal supplied
from the main sensor, thereby extracting a signal derived from

the touch operation itself. This makes it possible to reliably
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remove (cancel) a wide variety of noises reflected in the touch
panel.

According to the above configurations, the touch panel
is parallel driven, and the decoding section decodes the
difference values of the capacitances which difference values
are found by the subtracting section. Consequently, signals of
the capacitances are multiplied by a code length (i.e.,
multiplied by N). Therefore, signal strengths of the
capacitances are increased, regardless of the number of drive
lines. Further, provided that necessary signal strengths are
merely equal to those of a conventional méthod,'it is possible
to reduce the number of times that the drive lines should be
driven. This makes it possible to reduce electric power
consumption.

According to the above configurations, the subtracting
section obtains a difference signal value between sense lines
adjacent to each other. Namely, a difference is found between
the adjacent sense lines, which have a higher correlation in
terms of noise. Furthermore, from an output signal supplied
from each sense line, a signal (noise signal) of the sub sense
line is removed. This makes it possible to remove a noise more
reliably. |

According to the above configurations, in a case where a
specific point of the touch panel is continuously. touched for a

predetermined period of time, the touch invalidating section
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invalidates an instruction that is given, in accordance with the
touch, to the electronic device. Accordingly, in a case where an
unintended contact of an object with the touch panel

continues, such as a case where a hand holding the electronic

device makes contact with the touch panel, an instruction

corresponding to the contact is not executed. Consequently, it

is possible to prevent an incorrect operation caused by an

unintended contact of an object with the touch panel.
Further, according to the 'above configurétions, it is

unnécessary to change a standard by which presence or

~absence of a touch is judged for the purpose of preventing

such an incorrect operation. It is therefore possible to
suppress a decline in sensitivity of detection of presence or
absence of a touch.

Further, according to the above configurations, it is
possible to judge, with a simplevcon’figuration, whether or not
the point is continuously touchgd for the predetermined
period of time.

Further, according to the above configurations, even in
a case Where an unintended contact of an object with the
touch panel frequently occurs in a sh.ort time, it is bpossible to
prevent an incorrect operation, which can occur every time the
contact is made, by causing the touch invalidating section to
function just once.

In order to attain the foregoing object, an electronic
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device of the present invention includes a touch panel system
of the present invenfion.

Accordingly, it is possible. to provide an electronic
device capable of reliably removing (canceling) a wide variety
of noises reflected in a touch panel vand preventing an
incorrect operation caused by an unintended contact of an

object with a touch panel.

Advantageous Effects of Invention

As described above, a touch panel system of the present
invention is configured to include a touch invalidating section
which, in a case where a specific point of a touch panel is
continuously touched for a predetermined period of time,
invalidates an instruction that is given, in accordance with the
touch, to an electronic device including the touch panel, the
touch invalidating section judging whether or not the touch
continues for a touch time threshold value which is a period of
time corresponding to the predetermined period of time, and in
a case where the point is continuously touched for the
predetermined period of time, the touch invalidating section
invalidating an instruction corresponding to a next touch on

the point. Accordingly, the present invention provides an

“effect of reliably removing (canceling) a wide variety of noises

reflected in a touch panel. Further, the present invention

produces an effect of preventing an incorrect operation caused
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by an unintended contact of an object with a touch panel while
suppressing a decline in sensitivity of detection of presence or

absence of a touch on the touch panel.

Brief Description of D.rawings

Fig. 1

Fig. 1 is a lview schematically illustrating a basic
configuration of a touch panel system according to the present
invention.

Fig. 2

Fig. 2 is a flow chart illustrating a basic process of the
touch panel system shown in Fig. 1.

Fig. 3

Fig. 3 is a view illustrating waveforms of respective
signals which are to be processed by a subtracting section in
the touch panel system shown in Fig. 1.

Fig. 4

Fig. 4 is a view schematically illustrating a basic
configuration of another touch panel system according to the
present invention.

Fig. 5

Fig. 5 is a view schematically illustrating a tou.ch paneil
which is included in another version of the touch panel system
shown in Fig. 4 and does not include a sub sensor group.

Fig. 6
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Fig. 6 is a flow chart illustrating a basic process of the
touch panel system shown in Fig. 4.

Fig. 7

Fig. 7 is a view schematically illustrating a basic
configuration of another touch panel system according to the
present invention.

Fig. 8

Fig. 8 is a flow chart illustrating a basic process of the
touch panel system shown in Fig. 7.

Fig. 9

Fig. 9 is a view illustrating a driving method of a touch
panel which driving method is employed in a .conventional
touch panél system.

Fig. 10

Fig. 10 is a view illustrating a driving method

{orthogonal sequence driving method) of a touch panel which

driving method is employed in a touch panel system of the
present invention.

Fig. 11

Fig. 11 is a view illustrating a process which needs to be
performed by the touch panel employing the driving method of
Fig. 9 in order to achieve sensitivity equivalent to that of the
touch ;ﬁanel employing the driving method of Fig. 10.

Fig. 12

Fig. 12 is a view schematically illustrating another



10

15

20

25

WO 2012/176639 : PCT/JP2012/064858

-21 -
touch panel system according to the pré‘sent invention, said
another touch panel system including a touch panel driven by
the orthogonal sequence driving method.

Fig. 13

Fig. 13 is a view schematically illustrating a basic

configuration of a touch panel system according to another

embodiment of the present invention.

Fig. 14

Fig. 14 is a view schematically illustrating a basic
configuration of another tpuch panel system according to the
present invention.

Fig. 15

Fig. 15 is a view schematically illustrating a basic
configuration of another touch panel system according to the
present invention.

Fig. 16

Fig. 16 is a Viewl schematically illustrating a basic
configuration of another touch panei system according to the
present invention.

Fig. 17

Fig. 17 is a circuit diagram showing one example of a

-~ total differential amplifier included in the touch panel system

shown in Fig. 16.
Fig. 18

Fig. 18 is a view schematically illustrating a basic
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configuration of another touch panel system.according to the
present invention.

Fig. 19

Fig. 19 is a block diagram illustrating a noise procéssing
section provided in a touch panel sy.stefn of Patent Literature 1.

Fig. 20

Fig. 20 is a view schematically illustrating a basic
configuration of another touch panel system according to the
present invention.

Fig. 21

Fig. 21 is a flow chart illustrating a basic process of the
touch panel system shown in Fig. 20.

Fig. 22

Fig. 22 is a view schematically illustrating a basic
configuration of another touch panel system according to the
present invention.

Fig. 23

Fig. 23 is a view schematically illustrating a basic
configuration of another touch panel system according to \the
present invention.

Fig. 24

Fig. 24 is a view schematically illustrating a basic
configuration of another touch panel syStem according.to the
present invention.

Fig. 25
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Fig. 25 is a view schematically illustrating a basic
configuration of another touch panel system according to the
present invention.

Fig. 26

Fig. 26 is a view schematically illustrating a basic
configuration of another touch panel system according to the
present invention.

Fig. 27

Fig. 27 is a flow chart illustrating a basic process of a

judging section in the touch panel system shown in Fig. 22.

Fig. 28

Fig. 28 is a view schematically illustrating a method of
recognizing‘ touch information in the flow chart shown in Fig.
27. | |

Fig. 29

Fig. 29 is a functional block diagram illustrating a
configuration of a mobile phone including the touch panel
system. |

Fig. 30

Fig. 30 is a graph illustrating an example in which a
touch operation is invalidated by a touch invalidating section
of an embodiment of the present invention.

Fig. 31

Fig. 31 is a block diagram illustratiﬁg an outline

configuration of a touch panel system of the embodiment of
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the present invention.

Fig. 32

Fig. 32 is a flow chart showing an example of hovs;' a
touch operation is invalidated by the touch invalidating
section of the embodiment of the present invention.

Fig. 33

Fig. 33 is a graph illustrating another exampie in which
a touch operation is invalidated by the touch i‘nvalidating
section ofbthe embodiment of the present »ir.lventio'n.

Fig. 34

Fig. 34 is a block diagram illustrating an example of an
outline configuration of an electronic device of the
embodiment of the present invention.

Fig. 35

(a) and (b) of Fig. 35 are diagrams iliustrating still
another example in which a touch operation is invalidated by
the touch invalidating section of the embodiment of the
present invention.

Fig. 36

Fig. 36 is a diagram explainirig an example of a
mechanism of how an incorrect operation is caused by an
unintended contact of an object with a conventional touch

panel.

Description of Embodiments
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The following will describe embodiments of the present
invention with reference to drawings.

[Embodiment 1]

(1) Configuration of Touch Panel System 1

Fig. 1 is a view schematically illustrating a basic
configuration of a touch panel system 1 according to one
embodiment of the present invention. The touch panel system
1 includes a display device 2, a touch panel 3, a touch panel
controller 4, and a drive line driving circuit 5. Further, the
touch panel system 1 has a noise canceling function. In the
descriptions below, a side used by a user is referred to as a
“front surface” (or an “upper side”).

The display device 2 includes a display screen (display
section), which is not illustrated in Fig. 1. The display screen
displays, e.g., various kinds of ic‘ons for operation and text
information corresponding to operation instructions for the
user. The display device 2 is made of, e.g., a liquid crysfal
display, a plasma display, an organic EL display, or a field
emission display (FED). These displays are used in many
generally-used electronic devices. Therefore, making the
display device 2 of such the display provides a touch panel
system 1 having a great versatility. The display device 2 may
have any configuration, and is not limited to any particulaf
configuration.

The touch panel 3 is configured to allow the user to
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perform a touch (press) operation on a surface of the touch
panel 3 by his/her finger, a stylus, or the like so as to enter
various kinds of operation instructions. The touch panel 3 is
stacked on a front surface (upper side) of the display device 2
so as to cover the display screen. |

The touch panel 3 includes two sensors (one main
sensor 31 and oﬁe sub sensor 32) which are provided on (in)
the samé surface. Thevmain sensor 31 and the sub sensor 32
are provided so as to be adjacent to each other. Each of the
main sensor 31 and the sub sensor 32 is a capacitive type
sensor. The touch panel 3, which is provided with the
capacitive type sensors, has an advantage of having high
transmittance and having durability.

- The main sensor (main sensor section) 31 is provided in
a region (touched region) of the touch panel 3 in which region
a touch operation is performed. The main sensor 31 detects a
touch operation that the user performs with respect to the
touch panel 3. The touch operation is, for ¢xample,
double-click, sliding, single-click, or dragging. The main
sensor 31 is provided Wifh a sense line 33 which is made of a
linear electrode. The sense line 33 has an end which is

connected with the touch panel controller 4. With this, a

- signal detected by the main sensor 31 is outputted to the

touch panel controller 4 via the sense line 33. Namely, a signal

corresponding to a touch operation detected by the main
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sensor 31 is outputted to the touch panel controller 4.

The sub sensor (sub sensor section) 32 detects a noise
component reflected in the touch panel 3. The sub sensor 32 is
provided in a region (non-touched region) of the touch panel 3
in which region no touch operation is pérformed. Therefore,
the sub sensor 32 is not touched by the user in a touch
operation, and the sub sensor 32 detects various kinds of
noises generated in the touch panel system 1. Thus, unlike the
main sensor 31, the sub sensor 32 does not detect a signal
corresponding to a touch operation. Namely, the sub sensor 32
is configured not to be touched by the user in a touch
operation and to detect a noise generated in the touch panel 3.

The sub sensor 32 is provided with a sub sense line 34
which is made of a linear electrode. The sub sense line 34 is.
provided so as to extend in paréllel with the sense line 33 (i.e.,
to extend along a direction in which the sense line 33 extends).
The sub sense line 34 has an end which is connected with the
touch panel confroller 4. With this, a signal detected by the
sub sensor 32 is outputted to the touch panel controller 4 via
the sub sense line 34.

Meanwhile, the touch panel 3 includes a drive line 35
provided so as to intersect the sense line 33 and the sub sense
line 34 at right angles. The drive line 35 is made of a linear
electrode. A capacitance is formed in an intersection of the

sense line 33 or the sub sense line 34 and the drive line 35.



10

15

20

25

WO 2012/176639 : PCT/JP2012/064858
- 28 -

Namely, a capacitance is formed in an intersection of the sense
line 33 and the drive line 35, and another capacitance is
formed in an intersection of the sub sense line 34 and the
drive line 35. The drive line 3‘5 is connected with the drive line
driving circuit (sensor driving section) 5. Upon activation of
the touch panel system 1, the drive line 35 is supplied with an
electric potential at a certain interval.

Each of the sense line 33, the sub sense line 34, and the
drive line 35 can be made of, e.g., a transparent wire material
such as ITO (Indium Thin Oxide). In other words, each of the
sense line 33, the sub sense line 34, and the drive line 35 is a
sensor electrode in the touch panel 3.

Note that the drive line 35 is provided on a transparent
substrate or a transparent film (not illustrated). Further, the
drive line 35 is covered with an insulative layer (not
illustrated). On the insulative layer, the sense line 33 and the
sub sense line 34 are provided. Thus, the sense line 33 or the
sub sense line 34 and the drive line 35 are isolated from each
other via the insulative layer, and the sense line 33 or the sub
sense line 34 and the drive line 35 are coupled to each other
via the capacitance. The sense line 33 and the sub sense line
34 are covered with a protective layer (not illustrated). Namely,
in the touch panel 3, the protective layer is positioned so as to
be the closest to the front surface side (the user’s side).

The touch panel controller 4 reads signals (data)
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supplied from the main sensor 31 and the sub sensor 32 of the
touch panel 3. Since the touch panel system 1 includes the
capacitive type sensors, the touch panel controller 4 detects a
capacitance generated in the touch panel 3. Concretely, the
touch panvel controller 4 detects (i) a change in the capacitance
between the sense line 33 and the drive line 35 and (ii) a
change in the capacitance between the sub sense line 34 and
the drive line 35. The touch panel controller 4 includes a
subtractihg section 41, a coordinates detecting section 42,
and a CPU 43.

The subtracting section 41 includes (i) an input
terminal (i.e., an input terminal for a main sensor output) for
receiving a signal outputted by the main sensor 31 and (ii) an
input terminal (i.e., an input terminal for a sub sensor output)
for receiving a signal outputted by the sub sensor 32. The
subtracting section 41 subtracts (i) the signal supplied to the
input terminal for the sub sensor output from (ii) the signal
supplied to the input terminal for the main sensbr output. The
signal obtained as a result of the subtracting operation by the
subtracting section 41 is outputted to the coordinates
detecting section 42. Note that the signal supplied to the
subtracting section 41 may be either of a digital signal and an
analog signal. Namely, the input signakl supplied to the
subtracting section 41 may be any signal, as long as it suits

with the configuration of the subtracting section 41.
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According to the signal obtained as a result of the
subtracting operation by the subtracting section 41, the
coordinates detecting section 42 detects information
indicative of the presence or absence of a touch operation. For
example, if a value of the output signal supplied from the
subtracting section 41 is equal to or greater than a
predetermined threshold value, the coordinates detecting
section 42 outputs, to the CPU 43, a signal indicative of the
presence of a touch operation. Note that the touch panel
system 1 ‘includes a single main sensor 31; therefore, the
coordinates detecting section 42 detects information
indicative of the -presence or absence of a touch operation.
Meanwhile, if a touch panel system 1 is configured to include
a plurality of main sensors 31, a coordinates detecting section
42 determines, in addition»to the presence or absence of a
touch operation, coordinates values indicative of a position
touched by the user.

The CPU 43 obtains, at a certain interval, information
outputted by the coordinates detecting section 42. Further,
dccording to .the information thus obtained, the CPU 43
performs an operation such as output of the information to ti’le
display device 2.

The drive line driving circuit 5 is connected with the
drive Iinve 35. Upon activation of the touch panel system 1, the

drive line driving circuit 5 applies an electric potential to the
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drive line 35 at a certain interval.

(2) Noise Processing Performed by Touch Panel System 1

The touch panel system 1 determines, according to a
change in the capacitance which change is detected by the
touch panel controller 4, the presence or absence Qf a touch
operation. However, since the touéh panel 3 is bonded to the
front surface (the user’s side) of the disiolay device 2, the touch
panel system 1 is likely to be affected not only by a noise such
as a clock generated in the display device 2 but also by other
noises coming from the outside. This leads to impairment in
detection sensitivity for a touch operation (i.e., detection
sensitivity of the coordinates detecting section 42).

In order to address this, as a measure for removing such
the noises, the touch panel system 1 includesv the sub sensor
32 and the subtracting section 41. With reference to Fig. 2, a
noise canceling process of the touch panel system 1 will be
described. Fig. 2 is é flow chart illustrating a noise canceling
process, which is a basic process 6f the touch panel system 1.

Upon éctivation of the touch panel system 1, the drive
line driving circuit 5 applies an electric potential to the drive
line 35 at a certain interval. When the user performs a touch
operation on the touch panel 3, both of the main sensor 31 and
the sub sensor 32 output signals to the subtracting section
41.

Here, (i) a noise such as a clock generated in the display
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device 2 and (ii) o'ther noises coming from the outside are
reflected in the touch panel 3. Therefore, various kinds of
noise components are detected by the main sensor 31 and the
sub sensor 32. Namely, the output signal supplied from the
main sensor 31 includes not only a signal derived from the
touch operation itself but also a noise signal (noise
component). Meanwhile, since the sub sensor 32 is configured
not to detect any touch operation, the output signal supplied
from the sub sensor 32 includes a noise signal (noise
component), but does not include a signal derived from the
touch operation (F201).

In the touch panel system 1, the main sensor 31 and the
sub sensor 32 are provided in the same surface so as to be
adjacent to each other. Therefore, (i) a value of the noise signal
included in the output signal supplied from the main sensor
31 and (ii) a value of the noise signal included in the output
signal supplied from the sub sensor 32 can be regarded as
being basically the same. In.view of this, the subtracting
section 41 included in the touch panel controller 4 executes
an operation for subtracting (i) the input signal (signél value)
supplied from the sub sensor 32 from (ii) the input signal .
(signal value) supplied from the main sensor 31 (F202).
Namely, the subtracting section 41 finds a difference betweén
the sense line 33 and the sub sense line 34. This removes the

noise signal from the output signal supplied from the main
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sensor 31. This provides the signal value derived from the
touch operation itself, which signal value is generated in
response to the touch operation.

The signal thus obtained by the subtracting operation
(the signal derived f{from the touch operation itself) is
outputted to the coordinates detecting section 42 included in
the touch panel controller 4 (F203). Namely, the signal derived
from the touch operation itself is outputted to the coordinates
detecting section 42. According to the signal derived from the
touch operation itself, the coordinates detecting section 42
determines the presence or absence of a touch operation. With
this configuration, it is possible to prevent impairment in
detectionl sensitivity of the coordinates detecting section 42
(e.g., detection sensitivity as to the presence or absence of a
touch operation).

Thus, according to the touch panel system 1, the
subtracting section 41 finds a difference between the sense
line 33 and the sub sense line 34, so as to cancel, from an
input signal which is supplied from the sense line 33 and
includes a wide variety of noise components, the noise
(;omponents. Namely, the subtractihg section 41 cancels a
noise signal from an input signal supplied from the sense line
33, so as to extract a signal derived from a touch operation
itself. Thus, it is possible to provide the touch panel system 1

capable of reliably canceling a wide variety of noises.
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The noise canceling process of the touch panel system 1
is visually illustrated in Fig. 3. Fig. 3 is a view illustrating
waveforms of respective signals which are to be processed by
the subtracting section 41 in the touch panel system 1. (a) of
Fig. 3 shows an outpu-t signal supplied from the main sensor
31, (b) of Fig. 3 shows an output signal supplied from the sub
sensor 32, and (c) of Fig. 3 is a signal processed by the
subtracting section 41. Each signal shown in Fig. 3 is a signal
generated in response to a touch operation performed by the
user.

The touch panel system 1 is configured such that the
user’s performing a touch operation increases the capacitance
of the main sensor 31 which detects a touch operation ((a) of
Fig. 3). Namely, the user’s performing a touch operation

increases a value of an output signal supplied from the main

-sensor 31 (the sense line 33). However, the output signal

supplied from the main sensor 31 in response to the touch
operation includes not only (i) a signal derived from the touch
operation its‘elf but also (1i) various kinds of noise signals (e.g.,
a noise such as a clock generated in the display device 2
and/or a noise coming from the outside).

Meanwhile, since the sub sensor 32 does not detect a
touch operation, the capacitance of the sub sensor 32 (the sub
sense iine) is not increased by the touch operation. \Namely, an

output signal supplied from the sub sensor 32 does not
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include a signal derived from the touch operation, but
includes a noise component reflected in the touch panel 3 ((b)
of Fig. 3).

The subtracting section 41 subtracts (i) the output
signal supplied from the sub sensor 32 from (ii) the output
signal supplied from the fnain sensor 31 (i.e., the signal value
of (a) of Fig. 3 - the signal value of (b) of Fig. 3). As shown in (c)
of Fig. 3, this subtracting operation removes (i) the noise
component outputted by the sub sensor 32 from (ii) the output
signal supplied from the main sensor 31. This provides the
signal derived from the touch operation itself, which signal is
generated in response to the touch operation. Furthermore,
since the coordinates detecting section 42 is supplied with the
signal derived from the touch operation itself, detection
accuracy for a touch operation is not impéired..

As described above, according to the touch panel system
1 of the present embodiment, the main sensor 31 and the sub
sensor 32 are provided in (on) the same surface of the touch
panel 3. Consequently, each of (i) an output signal supplied
from the main sensor 31 and (ii) an output signal supplied
from the sub sensor 32 includes various kinds of noise signals
reflected in the touch panel 3. Furthermore, the subtracting
section 41 finds a difference between (i) the output signal

supplied from the main sensor 31 which signal includes a

~signal derived from a touch operation and a noise signal and
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(ii) the output signal supplied from the sub sensor 32 which
signal includes a noise signal. This removes the noise
component from the output signal supplied from the main
sensor 31, thereby extracting the signal derived from the
touch operation itself. Therefore, it is possible to reliably
remove (cancel) a wide variety of noises reflected in the touch
panel 3.

Note that, according to the touch panel system of Patent
Literature Vl, a noise component which is the subject of
removal is an AC signal component included in a signal which
includes noise Comp‘onents. On the other hand, according to
the touch panel system 1, each of (i) an output signal supplied
from the main sensor 31 and (ii) an output signal supplied
from the sub sensor 32 includes various kinds of noise
components. Therefore, according to the touch panel system 1,
a noise component which is the subject of removal is not
limited to an AC signal component. Thus, the touch panel
system 1 can cancel all noises reflectéd in the touch panel 3.

In the touch panel system 1, the sub sensor 32 only
needs to be provided in a surface of the touch panel 3 in which
surface the main sensof 31 is also provided. With this
configuration, both of the main sensor 31 and the sub sensor
32 can detect a noise component (noise signal) reflected in the
touch panel 3. Note that' the sub sensor 32 is preferably

configured not to detect a touch operation performed on the



10

15

20

25

WO 2012/176639 PCT/JP2012/064858

-37 -
touch panel 3. With this configuration, the sub sensor 32 does
not detect a signal derived from a touch operation; thérefore,
an output signal supplied from the sub sensor 32 does not
include the signal derived from the touch operation. This
prevents a case where the signal value derived ffom the touch
operation is reduced by the subtracting operation performed
by the subtracting section 41. Namely, the noise component is
removed without reducing the signal derived from the touch
operation which signal is detected by the main sensor 31.
Therefore, it is possible to further enhance detection
sensitivity for a touch operation.

The touch panel system 1 is configured such that the
sub sensor 32 is provided in the region (non-touched region) of
the touch panel 3 in which region no touch operation is
performed by the user. In such a configuration, a signal
derived from a touch operation is not detected by the sub
sensor 32. Therefore, on the sub sensor 32, the user would not
perform a touch operation. Accordingly, although the sub
sensor 32 detects a noise reflected in the touch panel, thé sub
sensor 32 does not detect the signal derived from the touch
operation. Thus, it is possible to reliably prevent the sub
sensor 32 from detecting a touch operation. -

In order that the sub sensor 32 detects a noise
component, the sub sensor 32 is preferably provided as close

to the main sensor 31 as possible. More preferably, the sub
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sensor 32 and the main sensor 31 are arranged side by side so
as to be in contact with each other. With this configuration,
the main sensor 31 and the sub sensor 32 are‘provided under
almost the same condition. Particularly in a configuration in
which the sub sensor 32 and the main sensor 31 are arranged
side by side so as to be in contact with each other, the main
sensor 31 and the sub sensor 32 are arranged so that a
dietanee therebetween is shortest. Therefore, a value of a
noise signal included in an output signal supplied from the
sub sensor 32 can be regarded as being the same as that of a
noise signal included in an output signal supplied from the
main sensor 31. Therefore, by the subtracting operation
performed by the subtracting section 41, it is possible to more
reliably remove a noise component reflected in the touch panel
3. This makes it possible to further enhance detection
sensitivity for a touch operation.

The present embodiment has dealt with the touch panel
system 1 including the touch panel 3 of capacitive type.
However, the principle of operation of the touch panel 3 (i.e.,
the method of operating the sensor) is not limited to the
capacitive type. For example, the noise canceling function can
be achieved similarly by a touch panel system including a
touch panel of resistance film type, infrared type, ultrasonic
wave type, or electromagnetic induction coupling type.

Further, regardless of the type of the display device 2, the
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touch panel system 1 of the present embodiment provides the
noise canceling function.

The touch panel system 1 of the present embodiment is
applicable to various kinds of electronic devices provided with
touch panels. Examples of such the electronic device
encompass televisions, personal computers, mobile phones,
digital cameras, portable game devices, electronic photo
frames, personal digitai assistants (PDAs), electronic books,
home electronic appliances (e.g., microwave ovens, washing
machines), ticket vending machines, automatic teller
machines (ATM), and car navigation systems. Thus, it is
possible to provide an electronic device which is capable of
effectively preventing impairment in detection sensitivity for a
touch opAeration.

[Embodiment 2]

(1) Configuration of Touch Panel Systerﬂ la

Fig. 4 is a view schematically illustrating a basic
configuration of a touch panel system la according to another
embodiment of the present invention. A basic configuration of
the touch panel system la is substantially the same as that of
the touch panel system 1 of Embodiment 1. The following will
describe the touch panel system la, focusing on differences
be‘twe‘en the touch panel system la and the touch ‘panel
system 1. For convenience of explanation, members having the

same functions as those explained in the drawings described
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in Embodiment 1 are given the same reference signs, and
explanations thereof are omitted here.

The touch panel system la differs from the touch panel
system 1 in terms of configurations of sensors provided in a
touch panel 3a. Specifically, the touch panel 3a includes (i) a
main sensor group 3la made of a plurality of main sensors 31
and (ii) a sub sensor group 32a made of a plurality of sub
sensors 32. The touch panel system la detects nof only (i) the
presence or absence of a touch operation performed by the
user but also (ii) positional information (coordinates)
indicative of a position where the user performs the touch
operation.

Specifically, according to the touch panel system 1a, the
touch panel 3a includes the main sensor group 31a and the
sub sensor group 32a which are provided on (in) the same
surface of the touch panel 3a. The main sensor group 31a and
the sub sensor group 32a are provided so as to be adjacent to
each other. Each of the main sensor group 31a and the sub
sensor grouﬁ 32a is made of capacitive type sensors.

The main sensor group (main sensor section) 31la is
provided in a region (touched regi'on) of the touch panel 3a in
which region a touch operation is performed. The main sensor
group 3la detects a touch operation that the user performs

with respect to the touch panel 3a. The main sensor group 31la

is made of the plurality of main sensors 31 which are arranged
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in a matrix. The main sensor group 31la is provided with L
sense lines 33 (L is an integer of 2 or greater). The sense lines
33 are provided so as to be parallel with each other and evenly
spaced. On each of the sense lines 33, M main sensors 31 are
provided (M is an integer of 2 or greater).

Each of the sense lines 33 has an end which is
connected with a subtracting section 41 of a touch panel
controller 4. With this, a signal detected by each main sensor
31 is outputted to the subtracting section 41 via its
corresponding sense line 33. Namely, a signal corresponding
to a touch operation detected by the main sensor 31 is
outputted to the subtracting section 41.

The sub sensor group (sub sensor section) 32a detects a
noise component reflected in the touch panel 3a. The sub
sensor group 32a is provided in a region (non-touched region)
of the touch panel 3a in which region no touch operation is
performed. Therefore, the sub sensor group 32a is not touched
by the user in a touch operation, and the sub sensor group 32a
detects various kinds of noises generated in the touch panel
system la. Thus, unlike the main sensor group 31a, the sub
sensor group 32a does not detect a signal corresponding to a
touch operation. Namely, the sub sensor group 32a is
configured not to be touched by the user in a touch operation
but to detect a noise generated in the sensor. The sub sensor

group 32a is provided with one sub sense line 34. The sub
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sense line 34 is provided so as to extend in parallel with the
sense lines 33 (i.e., to extend along a direction in which the
sense lines 33 extend). On the sub sense line 34, M sub
sensors 32 are provided (M is an integer of 2 or greater).
Namely, the number of main sensors 31 provided on each
sense line 33 is equal to the numb-er of sub sensors 32
provided on the sub sense line 34.

The sub sense line 34 has an end which is connected
with the subtracting section 41 of the touch panel controller 4.
With this, a signal detected by the sub sensor group 32a is
outputted to the subtracting section 41 via the sub sense line
34.

Meanwhile, the touch panel 3a includes M drive lines 35
provided so as to intersect the sense lines 33 and the sub
sense line 34 at right angles (M is an integer of 2 or greater).
The drive lines 35 are provided Iso as to extend in parallel with
each other and to be evenly spaced. On each of the drive lines
35, L main sensors 31 and one sub sensor 32 are provided (L is
an integer of 2 or greater). Further, a capacit‘ance is formed in
an intersection vof each of the sense lines 33 or the sub sense
line 34 and a corresponding one of the drive lines 35. Namely,
capacitances afe formed in intersections of the sense lines 33
and the drive liﬁes 35, and capacitances are formed in
intersections of the sub sense line 34 and the drive lines 35.

The drive lines 35 are connected with a drive line driving
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circuit (not illustrated). Upon activation of the touch panel
system 1la, the drive lines 35 are supplied with electric
potentials at a certain interval.

Thus, in the touch panel 3a, (i) the sense lines 33 and
the sub sense line 34, which are provided in a horizontal
direction, and (ii) the drive lines 35, which are provided in a
vertical direction, are arranged in a two-dimensional matrix.
For the sense line 33, the sub sense lines 34, and the drive line
35, the number thereof, a length thereof, a width thereof, a
space therebetween, and/or the like can be arbitrarily set
according to the intended purpose of the touch panel system
la, the size of the touch panel 3a, and/or the like.

(2) Noise Processing Performed by Touch Panel System
la

The touch panel system la determines, according to a
chan'ge in the capacitance which change is detected by the
touch panel controller 4, (i) the presence or absence of a touch
operation and (ii) a touched position. However, similarly to the
touch panel system 1, fhe touch panel system la is likely-to be
affected by various kinds of noises. This leads to impairment
in detection sensitivity for a touch operation (i.e., detection
sensitivity of the coordinates detecting section). Specifically,
Fig. 5 is a view schematically illustrating a touch panel 3b,
which is made by modifying the touch panel of the touch panel

system la shown in Fig. 4 so that it does not include the sub
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sensor group 32a. As shown in Fig. 5, the touch panel 3b
includes only a main sensor group 31a but does not include a
sub sensor group 32a. Namely, the touch panel 3b shown in
Fig. 5 has a configuration which is not provided with a
countermeasure against noises yet. According to this
configﬁration, the touch panel 3b is affected by various kinds
of noises. Accordingly, a signal outputted by each sense line
33 iﬁcludes various kinds of noises, and thus detection
sensitivity for a touch operation is impaired.

In order to avoid this, the touch panel system 1la
includes, as a measure for removing such the noises, the sub
sensor group 32a and the subtractinlg section 41. With
reference to Fig. 6, the following will describe a noise
canceling proves performed by the touch panel system la. Fig.
6 is a flow chart illustrating a noise canceling process, which
is a basic process of the touch panel system la.

Upon activation of the touch panel system 1la, the drive
line 35 is supplied with an electric potential at a certain
interval. When the user performs a touch operation on the
touch panel 3a, both of the main sensor group 31a and the sub
sensor group 32a output signals to the subtracting section 41.
Specifically, the wuser’s performing the touch operation
increases a capacitance of a specific main sensor 31
corresponding to the touched position. Namely, the user’s

performing the touch operation increases a value of an output
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signal supplied from that main sensor 31 (sense line 33). The
touch panel system la outputs, to the subtracting section 41,
output signals supplied from the sense line 33 and the sub
sense line 34, while driving the drive lines 35.

To be more specific, a noise such as a clock generated in
the display device 2 and other noises coming from the outside
are reflected in the touch panel 3a. Therefore, the main sensor
group 31la and the sub.sensor group 32a detect various kinds
of noise components. Specifically, the output signal supplied
from the main sensor group 3la includes not only a signal
derived from the touch operation itself but also a noise signal
(noise component). Meanwhile, the sub sensor group 32a is
configured not to detect a touch operation. Therefore, the
output signal supplied from the sub sensor group 32a includes
a noise signal (noise component), but does not include a signal
derived from the touch operation (F501).

In the touch panél system la, the main sensor group
31la and the sub sensor group 32a are provided in the same
surface so as to be adjacent to each other. Therefore, (i) a
value of a noise signal included in the output signal supplied
from the main sensor group 3la and (ii) a value of a noise
signal included in the output signal supplied from the sub
sensor group 32a can be regarded as being basically the same.
In view of this, the subtracting section 41 in the touch panel

controller 4 executes an operation for subtracting (i) the input
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signal (signal value) supplied from the sub sensor group 32a
from (ii) the input signal (signal value) supplied from the main
sensor group 3la (F502). Namely, the subtracting section 41
finds a difference between each sense line 33 and the sub
sense line 34. This removes the noise signal from the output
signal supplied from the main sensor group 31a. This provides
the signal value derived from the touch operation ifself, which
signal is generated in response to the touch operation.

The signal thus obtained by the subtracting operation is
outputted to the coordinates detecting section 42 included in
the touch panel controller 4 (F503). Thus, the signal derived
from the touch operation itself is outputted to the coordinates
detecting section 42. According to the signal derived from the
touch operation itself, the coordinates detecting section 42
detects (i) the presence or absence of a touch operation and (ii)
a touched position (coordinates). With this configuration, it is
possible to prevent impairment in detection sensitivity of the
coordinates detecting section 42 (e.g., detection accuracy as to
the presence of absence of a touch operation, detection
sensitivity as to a touched position).

Note that, according to the touch panel system la, an
output signal of the sense line 311 provided with the specific -
main sensor 31 corresponding to the touched position has a
waveform as shown in (a) of Fig. 3, whereas an output signal of

the sub sensor group 32a (sub sense line 34) has a waveform
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as shown in (b) of Fig. 3. The subtracting section 41 subtracts,
from the output signal supplied from the main sensor group
31la, the output signal supplied from the sub sensor group 32a.
As shown in (c) of Fig. 3, this subtracting operation removes,
from the output signal supplied from the main sensor group
31la, the noise component outputted by the sub sensor group
32a. This provides the signal derived from the touch operation
itself, which signal is generated in response to the touch A
operation. Furthermore, since the coordinates detecting
section 42 is supplied with the signal derived from the touch
operation itself, detection accuracy for a touch operation is
not impaifed. Therefore, it is possible to reduce a difference
between (i) the actual touched position and (ii) the detected
position which is detected by the coordinates detecting‘section
42.

As described abo-ve, while driving the drive lines 35, the
touch panel system la reads, from the sense line 33, a change
in a capacitance value of the main sensor group 31la which
change is caused by the touch operation performed by the user.
Furthermore, the touch panel system 1la reads a noise
component from the sﬁb sense line 34. Moreover, the touch
panel system la allows the subtracting section 41 to find a
difference between the sense line 33 and the sub sense line 34,
so as to remove (cancel) the noise component.

The touch panel system la includes the main sensor
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group 3la made of the plurality of main sensors 31 arranged
vertically and horizontally in the form of a matrix. Thanks to
this configuration, in addition to the same effects as those
given by the touch panel system 1, the touch panel system la
can detect, by the coordinates detecting section 42,
coordinates indicative of é touched posi;tion. Namely, the
touch panell system la can detect a touched position
(coordinates value) in addition to the presence of absence of a
touch operation.

As with the case of thle touch panel system 1, for the
touch panel system la, a noise component which is the subject
of removal is not limited to an AC signal component.
Accordingly, the touch panel system la also can cancel all
noises reflected in the touch panel 3a.

[Embodimeﬁt 3]

(1) Configuration of Touch Panel System 1b

Fig. 7 is a view schematically illustrating a basic
configuration of a touch panel system 1b according to another
embodiment of the present invention. A basic configuration of
the touch panel system 1b is substantially the same as that of
the touch panel system la of Embodiment 2. The following will
describe the touch panel system 1b, focusiﬁg on differences
between the touch panel system la and the touch panel
system 1b. For convenience of explanation, members having

the same functions as those explained in the drawings
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described in Embodiments 1 and 2 are given the same
reference signs, and explanations thereof are omitted here.

A touch panel 3b has the same configuration of that of
the touch panel 3a in the touch panel)system la of
Embodiment 2. Namely, the touch panel 3b includes (i) a

plurality of drive lines 35 (in Fig. 7, five drive lines 395), (ii) a

plurality of sense lines 33 (in Fig. 7, seven sense lines 33)

intersecting the drive lines 35, and (iii) one sub sense line 34
which intersects the drive lines 35 at right angles and extends
in parallel with the sense lines 33. The sense lines 33 and the
drive lines 35 are isolated from each other, and are coupled to
each other via capacitances. The sub sense line 34 and the
drive lines 35 are isolated from each other, and are coupled to
each other via capacitances.

In the following description, eight sense/sub sense
érrays, including the one sub sense line 34 and the seven
sense lines 33, are referred to as ‘Arrays (1) through (8),
respectively.

A touch panel controller 4 includes switches SW, a
subtracting section 41, storage sections 45a through 45d, and
an adding section 46, which are arranged in this'order from an
input-receiving side of the touch panel controller 4. Note that
the touch panel controller 4 also includes a coordinates
detecting section 42 (not illustrated) and a CPU 43  (not

illustrated) (Fig. 1). Thus, the touch panel system 1b differs
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from the tpuch panel systems 1 and la in terms of- the
configuration of the touch panel controller 4.

The switches S'W select, from signals supplied from the
sense lines 33 and the sub sense line 34, signals to be
supplied to the subtracting section 41. More specifically, each
of the switches SW includes two terminals (upper and lower
terminals), and selects one of the upper and lower terminals.
Fig. 7 shows a state where the switches SW select the lower -
terminals.

The subtracting section 41 performs difference signal
operations on, out of signals supplied from Arrays (1) through
(8), signals selected by the switches SW. Specifically, the
subtracting section 41 performs difference signal operations
between sense lines 33 which are adjacent to each other, and
between a sense line 33 and the sub sense line 34 which are
adjacent to each other. For example, in a case where the
switches SW select the lower terminals as shown in Fig. 7, the
subtracting section 41 performs the following difference signal
operations: Array (8) - Array (7); Array (6) - Array (5); Array (4)
- Array (3); and Array (2) - Array (1). On the other hand, in a

case where the switches SW select the upper terminals (not

illustrated), the subtracting section 41 performs the following

difference signal operations: Array (7) - Array (6); Array (5) -
Array (4); and Array (3) - Array (2).

In a case where each of the switches SW selects one of
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the upper and lower terminals, -the storage sections 45a
through 45d store signals (difference operation signals)
obtained by the difference operations performed by the
subtracting section 41. The difference operation signals stored
in the storage sections 45a through 45d are outputted to the
adding section 46. On the other hand, in a case where each of
the switches SW selects the other one of the upper and lower
terminals, difference operation signals are directly outputted
to the adding section 46, not via the storage sections 45a
through 45d. |

The adding section 46 adds up the difference operation
signals each of which is obtained from the sense lines 33
adjacent to each other and which are supplied from the
subtracting section 41 and the storage sections 45a through
45d. Thereafter, the adding section 46 outputs a result of the
adding operation. Further, the adding section 46 outputs the
difference operation signal (Array (2) - Array (1)) which is
obtained from the sub sense line 34 and the sense line 33
adjacent to the sub sense line 34 and which is stored in the
storage section 45a. Ultimately, the adding section 46 outputs
signals obtained by the following operations: Array (2) - Array
(1); Array (3) - Array (1); Arra3; (4) - Array (1); Array (S) - Array
(1); Array (6) - Array (1); Array (7) - Array (1); and Array (8) -
Array (1). Namely, each signal outputted by the adding section

46 is such a signal from which the noise signal (corresponding
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to the signal of Array (1)) included in the sense lines 33 has
been removed. Furthermore, the subtracting section 41 has
performed the difference signal operation between the sense
lines 33 adjacent to each other. This allows the adding section
46 to output the signals from which the noise siénals have
been more reliably removed.

(2) Noise Processing Performed by Touch Panel System
1b

With referen(.:e to Figs. 7 and 8, the following will
describe noise prpcessing performed by the touch panel
system 1b. Fig. 8 is a flow chart illustrating a noise canceling
process, which is a basic process of the touch panel system
1b.

Upon activation of. the touch panel system 1b, the drive
line 35 is supplied with an electric potential at a certain
interval. The user’s pérfqrming a touch operation on the touch
panel 3b increases a capacitance of a specific sense line 33
corresponding to the touched position. Namely, the user’s
performing the touch operation on the touch panel 3b
increases a value of an output signal supplied from that sense
line 33. The touch panel system 1b outputs, to the touch panel
controller 4, output signals supplied from the sense lines 33
and the sub sense line 34, while driving the drive lines 35.
Thus, while driving the drive lines 35, the touch panel system

1b detects changes in the capacitances of the sense lines 33
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and a change in the capacitance of the sub sense line 34, so as
to determine the presence or absence of a touch operation and
a touched position.

To be more specific, a noise such as a clock genéerated in
the display device 2 and other noises coming from the outside
are reflected in the touch panel 3b. Therefore, each of the main
sensor group 3la and the sub sensor group 32a detects
various kinds of noise Corhponents. Specifically, the output
signal supplied from the sense line 33 includes not only a
signal derived from the touch operation itself but also a noise
signal (noise component). Meanwhile, the sub sense line 34 is
configured not to detect a touch operation. Therefore, the
output signal supplied from the sub sense line 34 includes a
noise signal (noise component), but does not include a signal
derived from the touch operation (F601).

Next, the switches SW select the lower terminals (F602).

‘Then, the subtracting section 41 ‘finds a difference (sense line

(Sn+1) ~ sense line Sn: a first d'ifference) between a sense line
33 (sense line. Sn) and a sense line (sense Iine_ Sn+1) which is
one of two sense lines 33 adjacent to the certain sense line 33
and is closer to the sub sense line 34 than the other is. In this
step, a differénce (third difference) between the sub sense line
34 and a sense line 33 which ié closer to the sub sense line 34
than any other sense lines 33 is found (F603)..

For Arrays (1) through (8) shown in Fig. 7, the
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subtracting vsection 41 performs the following four difference
signal operations:

Array (2) - Array (1) (The resulting difference value is
referred to as “A”.)

Array (4) - Array (3) (The resulting difference value is
referred to as “C”.)

Array (6) - Array (5) (The resulting difference value is
referred to as “E”.)

Array (8) - Array (7) (The resulting difference value is
referred bto as “G”.)
Namely, in the stép F603, the subtracting section 41 performs
the difference signal operations on Arrays (1) through (8),
which includes the sub sense line 34. |

The difference values A, C, E, and G found by the
subtracting section 41 are stored in the storage sectio.ns 45a
through 45d, respectively. Namely, the storage section 45a
stores the difference value A, the storage section 45b stores
the difference value C, the storage section 45c stores the
difference value E, and the storage“ section 45d stores the
difference value G (F604).

Next, the switches SW selecting the lower terminals are
turned to select (close) the upper terminals (F605). Then, the
subtracting section 41 performs an operaﬁon similar to that of
F603. Specifically, the subtracting section 41 performs a

difference signal operation (sense line Sn - sense line (Sn-1): a
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second difference) between the sense line 33 (sense line Sn)
and a sense line (sense line Sn-1) which is one of the two sense
linés 33 adjacent to the certain sense line 33 and is further
away from the sub sense line 34 than the other is (F606).
For Arrays (1) through (8) shown in Fig. 7, the
subtracting section 41 performs the following three difference
signal operations:
Array (3) - Array (2) (The resulting difference value is
referred to as “B”.)
Array (5) - Array (4) (The resulting difference value is
referred to as “D”.)

Array (7) - Array (6) (The resulting difference value is

referred to as “F”.)

Namely, in the step F606, the subtractit;g section 41 performs
the difference signal operations on Arrays (2) through (7),
which does not include the sub sense line 34.

Next, the adding section 46 performs an adding
opération for adding up (i) the difference values B, D, and F
found in the step F606 and (ii) the difference values A, C, E,
and G stored in the respective storage sections 45a through
45d. Namely, the adding section 46 adds up (i) the difference
values (the difference values A, C, E, and G) found when the
lower terminals are selected by the switches SW and (ii) the
difference values (the difference values B, D, and F) found

when the upper terminals are selected by the switches SW
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(F607).

In the case of Arrays (1) through (8) shown}in Fig. 7, the
adding section 46 adds up (1) the difference value A (Array (2)
-‘Array (1) signal) stored in the storage section 45a and (ii) the
difference value B (Array (3) - Array (2) signal) outputted by
the subtracting section 41. This adding operation is expressed

as below:

Difference value A + Difference value B

{Array (2) - Array (1)} + {Array (3) - Array (2)}

Array (3) - Array (1) (The resulting difference

value is referred to as “difference value H”.)

This provides an Array (3) - Array (1) signal. The adding
section 46 performs such operations sequentially.

Specifically, the adding section 46 adds, to the
difference value H (Array (3) - Array (1) signal), the difference
value C (Array (4) - Array (3_) signal) stored in the storage
section 45b. This provides an Array (4) - Array (1) signal
(difference value I).

Next, the adding section 46 adds, to the difference value
I (Array (4) - Array (1) signal), the difference value D (Array (5)
- Afray (4) signal) outputted by the subtracting section 41.
This pro_vides an Array (5) - Array (1) signal (difference value

J).
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Next, the adding section 46 adds, to the difference value
J (Array (5) - Array tl) signal), the difference value E (Array (6)
- Afray (5) signal) stored in the storage section 43c. This
provides an Array (6) - Array (1) signal (difference value K).

Next, the adding section 46 adds, to the difference value
K (Array (6) - Array (1) signal), the difference value F (Array (7)‘
- Array (6) signal) outputted by the subtracting section 41.
This provides an Array (7) - Arfay (1) signal (difference value
L).

Next, the adding section 46 adds, to the difference value
L (Afray (7) - Array (1) signal), the difference value G (Array (8)
- Array (7) signal) stored in the storage section 45d. This
provides an Array (8)-Array (1) signal (difference value M).

Note that the difference value A (i.e., Array (2) - Array (1)

signal) stored in the storage section 45a is outputted without

being subjected to any adding operation by the adding section

46.
Thus, the adding section 46 outputs the following

signals:

it

- Array (2) - Array (1) signal = Difference value A

- Array (3) - Array (1) signal = Difference value H

Difference value I

* Array (4) - Array (1) signal

- Array (5) - Array (1) signal = Difference value J

|

- Array (6) - Array (1) signal = Difference value K

+ Array (7) - Array (1) signal = Difference value L
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Array (8) - Array (1) signal = Difference value M

In the configuration shown in Fig. 7, Arrays (2) through
(8) are the sense lines 33, and Array (1) is the sub sense line
34. As a result of the adding operations performed by the
adding section 46, the signal of Array (1) (noisel signal) is
removed from each of the signals of Arrays (2) through (8).
Accordingly, each output signal supplied from the adding
section 46 is such a signal from which a noise signal included
in the sense line 33 has been re‘moved.uThus, it is possible to
provide a signal value derived from a touch operation itself,
which signal value is generated in response to the touch
operation. Each output signal of the adding section 46, from
which the noise signal has been removed, is outputted to the
coordinates detecting section 42 in the touch panel cbntrolller
4. ‘Namely, the signals derived from the touch operation itself
are outputted to the coordinates detecting section 42 (F608).

As described above, the touch panel system 1b obtains a
difference éignal value between sense lin'es 33 adjacent to

each other. Namely, a difference is found between the adjacent

sense lines 33, which have a higher correlation in terms of

noise. Furthermore, from an output signal supplied from each
sense line 33, a signal (noise signal) of the sub sense line 34 is
removed. Therefore, as compared with the touch panel
systems 1 and la of Embodiments 1 and 2, the touch panel

system 1b can remove a noise more reliably.
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In addition, according to the touch panel system 1b, the
adding section 46 sequentially performs adding operations
from the sub sense line 34 side (i.e., in the order of increasing
distance between a sense line involved in a certain adding
operation and the sub-sense line). Therefore, it is possible to
remove a noise by performing the adding operations in such a
manner that a result of an adding operatioh is used in a next
adding operation.

[Embodiment 4]

A driving method of a touch panel system of the present
invention is not particularly limited. Preferably, the driving
method is an orthogonal sequence driving method. In other
words, drive lines 35 are preferably parallel driven. Fig. 9 is a
view illustrating ab>driving method of a touch panel which
driving method is employed ih a conventional touch panel
system. Fig. 10 is a view illustrating a driving method
(orthogonal sequence driving method) of a touch panel which
driving method is-er‘nployed in a touch panel system of the
present invention.

Fig. 9 shows one sense line extracted from the touch
panel and provided with four sensors. As shown in Fig. 9, the
conventional touch ‘panel system drives drive lines in the
following manner: +V volt is applied to a drive line_ which is to
be driven, so that the drive lines are driven sequentially.

Specifically, in the first drive line driving, +V volt is
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applied to the leftmost sensor. This gives the first Vout

measurement result (X1) expressed by:
X1 =C1l x V/Cint

Similarly, in the second drive line driving, +V volt is
applied to the second sensor from the left. This gives the

second Vout measurement result (X2) expressed by:
X2 = C2 x V/Cint

In the third drive line driving, +V volt is applied to the
third sensor from the left. This gives the third Vout

measurement result (X3) expressed by:

X3 =C3 x V/Cint

In the fourth drive line driving, +V volt is applied to the
rightmost sensor. This gives the fourth Vout measurement
result (X4) expressed by:

X4 = C4 x V/Cint

Fig. 10 shows, as well as Fig. 9, one sense line extracted

from the touch panel and provided with four sensors. As
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shown in Fig. 10, according to the orthogonal sequence driving
method, drive lines are driven in such a manner that +V volt or
-V volt i1s applied to all the drive lines. Namely, according to
the orthogonal seqﬁence driving method, the drive lines are
parallel driven.

Specifically, in the first drive line driving, +V volt is
applied to all the sensors. This gives the first Vout

measurement result (Y1) expressed by:
Y1 =(Cl+C2+ C3+ C4) xV/Cint

In the second drive line driving, +V volt is applied to the
leftmost sensor, -V volt is applied to the second sensor from
the left, +V volt is applied to the third sensor from the left, and
-V volt is applied to the rightmost sensor. This gives the

second Vout measurement. result (Y2) expressed by:
Y2 =(C1-C2+ C3-C4) xV/Cint

In the third drive line driving, +V volt is applied to the

leftmost sensor, +V volt is applied to the second sensor from

the left, V volt is applied to the third sensor from the left, and
-V volt is applied to the rightmost sensor. This gives the third

Vout measurement result (Y3) expressed by:
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Y3 = (Cl + C2 - C3 - C4) x V/Cint

In the fourth drive line driving, +V volt is applied to the
leftmost sensor, -V volt is applied to the second sensor from
the left, -V volt is applied to the third sensor from the left, and
+V volt is applied to the rightmost sensor. This gives the

fourth Vout measurement result (Y4) expressed by:
Y4 = (C1 - C2 - C3 + C4) x V/Cint

According to the configuration shown in Fig. 10,
capacitance values (Cl, C2, C3, C4) can be obtained by an
inner product calculation of (i) output sequences (Y1, Y2, Y3,
Y4) and (ii) orthogonal codes di. Such the formula 1s
established due to orthogonality of the ofthogonallcode di.
Here, the code di indicates codes of positive and/or negative
voltages applied to a respective drive line. Specifically, the
code d1 indicates codes of voltages appliedv to the leftmost
sensor, and is expressed as “+1, +1, +1, +1”. The code d2
indicates codes of voltages applied to the second sensor from

the left, and is expressed as “+1, -1, +1, -1”. The code d3

“indicates codes of voltages applied to the third sensor from the

left, and is expressed as “+1, +1, -1, -1”. The code d4 indicates
codes of voltages applied to the leftmost sensor, and is

expressed as “+1, -1, -1, +17,
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The values of C1, C2, C3, C4 are found by inner product
calculations of (i) the output sequences Y1, Y2, Y3, Y4 and (ii)

the codes d1, d2, d3, d4 as follows:

fi

Cl 1><Y1+1><Y2+1><Y3+1><Y4=4C1xV/Cint'

C2

fl

1 xY1+(-1)xY2+1xY3+(-1) xY4 =4C2 x V/Cint

C3=1xY1+1xY2+(-1)xY3+(-1) x Y4 =4C3 x V/Cint

C4=1xYL+(-1) x Y2+ (-1) x Y3 + (-1) x Y4

i

4C3 x V/Cint

Thus, due to the orthogonality of the codes di, Ci are.
obtained by inner product calculation of the codes di andv the
output sequences Yi. Now, the result thus obtained is
compared with the result obtained by the conventional driving
method shown in Fig. 9. In a case where the orthogonal
sequence driving method and the conventional driving method
perform the same number of driving operations, the
orthogonal sequence driving method allows detection of values
four times greater tflan those of the conventional driving
method. Fig. 11 is a view illustrating a process which needs to
be performed by the touch panel of the driving method of Fig.
9 in order that it achieves sensitivity equivalent to that of the
touch panel of the dri\}ing method of Fig. 10. As shown in Fig.
11, in order that the driving method of Fig. 9 achieves the

sensitivity equivalent to that given by the driving method of
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f‘ig. 10, the driving method of Fig. 9 bneeds to drive a certain
drive line four times and to sum the results. Namely,
according to the driving method of Fig. 9, a driving périod for
the drive lines is four times longer than that of the driving
method of Fig. 10. Conversely, with a driving period for the
drive lines which drivin‘g period is reduced to one-quarter of
that of the driving method shown in Fig. 9, the driving method
shown in Fig. 10 achieves sensitivity equivalent to that given
by the conventional driving method shown in Fig. 9. Thus,
according to the driving method shown in Fig. 10, it is possible
to reduce electric power consumption of the touch panel
system.

Fig. 12 is a view schematically illustrating a touch panel
system 1lc including a touch panel 3 driven by such the
orthogonal sequence driving method. Specifically, the touch
panel system 1c of Fig. 12 is shown with drive lines and sense
lines, which correspond to the generalized four drive lines and
one sense line of Fig. 10.

Specifically, the touch panel system 1lc includes M drive
lines 35, L sense lines 33 (each of M and L is a natural
number), and capacitances which are formed between the
drive lines 35 and the sense lines 33 éo as to be arranged in a
matrix. The touch panel system lc performs the following
operation: With respect to a matrix Cij (i=1, ... ,M,j=1, ...,

L) of these capacitances, the code di = (dil, ... ,diN) (i=1, ...,
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M) is used, which is constituted by “+1” and “-1” being
orthogonal to each other and each having a code length N.
Consequently, all the M drive lines 35 are driven concurrently
in parallel, while applying’ +V volt in a case of “+1” and
applying -V volt in a case of “-1”. Further, capacitance values
Cij are estimated by inner product calculation “di*sj =Z(k =1,
. , N)dik-sjk”, i.e., inner product calculation of (i) output
sequences sj = (sjl, ... , sjN) (j = 1, ... , L) read from respective
sense lines 33 and (ii) the codes di. In order to perform such
the inner product calculation, the touch panel system 1c
includes an electric charge integrator (calculation section) 47.
A strength of an output signal (Vout) supplied from the electric

charge integrator 47 is found by:

Vout = Cf x Vdrive x N/Cint

The output sequence sj is expressed as follows:

sj = (sjl, ... , sjN)

(Z(k=1, ... , M)Ckj x dk1, ... ,E(k =1, ... , M)Ckj x
dkN) x (Vdrive/Cint)
= (Z(k = 1, ... , M)Ckj x (dk1, ... , dkN) x (Vdrive/Cint)

=%k =1, ..., M)(Ckj x dk) x (Vdrive/Cint)

The inner product of the code di and the output
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sequence sj is expressed as follows:

di-sj = di*(Z(k = 1, ... , M)(Ckj x dk) x (Vdrive/Cint))
=Sk =1, .., M)(Ckj x di-dk) x (Vdrive/Cint)
=2(k=1, .., M)(Ckj x N x 6ik) x (Vdrive/Cint) [6ik

= 1 if i=k, O if else]

= Cij x N x (Vdrive/Cint)

Thus, according to the touch panel system 1c, the touch
panel 3 is driven by the orthogonal sequence driving method.
Therefore, the following generalization is possible: By finding
an inner product of the code di and the output sequence sj, a
signal of the capacitance Cij is multiplied by N (code length).
This driving method provides an effect that a signal strength of
a capacitance is N-folded, regardless of the number of drive
lines 35 (i.e., “M”). Conversely, by employing the orthogonal
sequence driving method, sensitivity equivalent to that given
by the conventional driving method shown in Fig. 9 can be
achieved with a driving period for the drive lines which period
is reduced to one-Nth of that of the driving method shown in
Fig. 9. Namely, employing the orthogonal sequence driving
method can reduce the number of times that the drive lines
should be driven. This makes it possible to reduce electric
power consumption of the touch panel system lc.

[Embodiment 5]
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Fig. 13 is a view schematically illustrating a basic
configuration of a touch panel system 1d according to the
present embodiment. The touch panel system 1d is configured
by employing, in the touch panel system 1b with the noise
canceling function shown in Fig. 7, the orthogonal sequeﬁce
driving method for the drive lines 35 which is shown in Figs.
10 aﬁd 12 and which is employed in the touch panel system 1c.
Since the touch panel system 1d operates in the same manner
as the above-described touch panel systems 1b and lc,
explanationS'thererf are omitted here.

According to the touch panel system 1d, a difference
signal value is found between sense lines 33 which are
adjacent to each other. Namely, a difference is found between
the adjacent sense lines 33, which have a higher correlation in
terms of noise. Furthermore, from an output signal supplied
from each sense line 33, a signal (noise signal) of a sub sense
line 34 is removed. Therefore, as compared with the touch
panel systems 1 and la of Embodiments 1 and 2, the touch
panel system 1d can remove a noisé more reliably. Moreover, a
signal of a capacitance Cij is multiplied by N (code length).
This allows a capacitance to have an N-folded signal strength,
regardless of the number of drive lines 35. In addition, since
the orthogonal sequence driving method is employed,
sensitivity equivalent to that given by the conventional driving

method shown in Fig. 9 can be achieved with a driving period
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for the drive lines which period is reduced to one-Nth of that of
the driving method shown in Fig. 9. Namely, employing the
orthogonal sequence driving method can reduce the number of
times that the drive lines should be driven. This makes it
possible to reduce electric power consumption of the touch
panel system 1d. |

[Embodiment 6]

Fig. 14 is a view schematically illustrating a basic
configufation of a touch panel systemb le according to the
present embodiment. The touch panel syétem le includes a
subtracting section 41 having a different configuration.

'Each of output signals supplied from a sense line 33 and
a sub sense line 34 of a touch panel 3b is an analog signal.
Therefore, the subtracting section 41 includes an
analog-to-digital converting section (first analog-to-digital
converting section) 48 and a digital subtracter (not
illustrated).

With this coﬁfiguration, output signals (analog signals)
supplied from the touch panel 3b are converted into digital
signals by the analog-to-digital converting section 48 of the
subtracting section 41. The digital subtracter performs, by
uéb of the digital signals thus converted, subtracting
operations in the same manner as in the touch panel system
1b shown in Fig. 7. |

Thus, the touch panel system le can remove a noise by
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(i) converting, into digital signals, analog signals outputted by
the touch panel 3b and thefeafter (ii) performing subtracting
operations.

[Embodiment 7]

Fig. 15 is a view schematically illustrating a basic
configuration of a touch panel system 1f according to the
présent embodiment. The touch panel system 1f includes a
subtracting Secfion 41 having a different configuration.

Output signals supplied from a sense line 33 and a sub
sense line 34 of a touch panel 3b are analog signals. Therefore,
the subtracting section 41 includes a differential amplifier 49
and an analog-to-digital converting section 48.

With this configuration, in the same manner as in the
touch panel system 1b shown in Fig. 7, the differential
amplifier 49 performs subtracting operations on output
signals (analog signals) supplied from the touch panel 3b,
without.converting the analog signals into digital signals. The
analog-to-digital converting section 48 (second
analog-to-digital converting section) converts, into a digital
signal, an analog signal thus obtained by fhe subtracting
operations.

Thus, the touch -panlel system 1f can remove.a noise by
(i) performing subtrécting operations on analog signals
outputted by the touch panel 3vb, Without converting the

analog signals into digital signals, and thereafter (ii)
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converting the resulting signal into a digital signal.
[Embodiment 8]
Fig. 16 is a view schematically illustrating a basic

configuration of a touch panel system 1g according to the

- present embodiment. The touch panel system 1lg includes a

subtracting section 41 having a different configuration. The
touch panel system 1g includes a total differential amplifier 50
instead of the differential amplifier 49 in the touch panel
system 1f shown in Fig. 15.

Output signals supplied from sense lines 33 and a sub
sense line 34 of a touch panel 3b are analog signals. Therefore,
the subtracting section 41 includes a total differential
amplifier 50 and an analog-to-digital converting section 48.

With this configuration, in the same manner as in the
touch panel system 1b shown in Fig. 7, the total differential
amplifier 50 performs subtracting operations on output
signals (analog signals). supplied from the touch panel 3b,
without converting the analog signals into digital signals. The
analog-to-digital converting section 48 converts, into a digital
signal, an analog signal thus obtained by the subtracting
operations.

Fig. 17 is a circuit diagram illustrating one example of
the total differential amplifier 50. The total differential
amplifier 50 includes two pairs each including a capacitance

and a switch, the two pairs being arranged so as to be
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symmetric to each other with respect to a differential amplifier.
Specifically, a non-inverting input terminal (+) and an
inverting input terminal (-) of the differential amplifier are
supplied with signals from sense lines 33 which are adjacent
to each other. A capacitance (feedback capacitance) is
provided between an inverting output terminal (-) and the
non-inverting input terminal (+) of the differential amplifier so
that the capacitance is connected with the inverting output
terminal (-) and the non-inverting input terminal (+), and
another capacitance (feedback capacitance) is provided
between a non-inverting output terminal (+) and the inverting
input terminal (-) of the differential amplifier so that said
another capacitance is connected with the non-inverting
output terminal (+) and the inverting input terminal (-), these
capacitances having the same capacitance Vaiue. Furthermore,
a switch is provided between the inverting output terminal (-)
and the non-inverting input terminal (+) so that the switch is
connected with the inverting output terminal (-) and the
non-inverting input terminal (+), and another switch is
provided between the non-inverting output terminal (+) and
the inverting input terminal (-) so that said another switch is
connected with the non-inverting output terminal (+) and the
inverting input terminal (-).

Thus, the touch panel system 1g can remove a noise by

(i) performing subtracting operations on analog signals
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outputted by the touch panel 3b, without converting the
analog signals into digital signals, and thAereafter (i1)
converting the resulting signal into a digital signal.

[Embodiment 9] |

Fig. 18 is a view schematically illustrating a basic
configuration of a touch panel system 1h according to the
present embodiment. The touch panel system 1h includés (i) a
subtracting section 41 having a different configuration and
involves (i) a different driving method of a touch panel 3b. The
touch panel system lh includes a total differential ampliﬁer
50 instead of the differential amplifier 49 in the touch panel
system 1f shown in Fig. 15.

Output signals supplied from sense lines 33 and a sub
sense line 34 of the touch panel 3b are analog signals.
Therefore, the subtracting section 41 includes a total
differential amplifier 50 and an analog-to-digital converting
section 48.

With this configuration, in the same manner as in the
touch panel system 1b shown in Fig. 7, the total differential
amplifier 50 performs subtracting operations on output
signals (analog signals) supplied from the touch panel 3b,
without converting the analog signals into digital signals. The
analog-to-digital converting section 48 converts, into a digital
signal, an analog signal thus obtained by the subtracting

operations.
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Further, the touch panel system 1h employs, as a
driving method for the touch panel Sb, the orthogonal
sequence driving method shown in Figs. 10, 12, and 13.
According to this configuration, as shown in Fig. 10, a voltage
for driving four drive lines is applied as follows: In the second
driving through the fourth driving, +V is applied twice and -V |
is also applied t~wice, i.e., the number of times of application of
+V is equal to that of -V. On the other hand, in the first driving,
+V is applied four times. Accordingly, an _output value of an
output sequence Y1 of the first driving is greater than that of
each of output sequences Y2 through Y4 of the second driving

through the fourth driving. Therefore, applying a dynamic

range to the output value of any of the output sequences Y2

through Y4 of the second driving through the fourth driving
causes saturation of the output sequence Yl‘of the first
driving.

In order to address this, the subtracting secltion 41 of
the touch panel system 1h includes the total differential
amplifier 50. Further, employed as the total differential
amplifier 50 is the one whose input common-mode voltage
range is rail to rail. Namely, the total differential amplifier S0
has a wide common-mode input range. Consequently, the total
differential amplifier 50 can operate in a voltage range from a
power source voltage (Vdd) to GND. Furthermore, a difference

between input signals supplied to the total differential
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amplifier 50 is amplified. Therefore, regardless of the type of
the orthogonal sequence driving method employed in the touch
panel 3b which is combined with the touch panel system 1h,
an output signal from the total differential amplifier 50 is free
from the problem of output saturation. Note that one example
of the total differential amplifier 50 is as previously described
with reference to Fig. 17.

Thus, the touch panel system 1h can remove a noise by
(i) performing subtracting operations on analog signals
outputted by the touch panel 3b, without converting the
analog signals into digital signals, and thereafter (ii)
converting the resulting signal into a digital signal.
Furthermore, since the touch panel system 1h includes the
total differential amplifier 50 capable of rail-to-rail operétion,
an output signal from the total diffe_rential amplifier 50 is free
from the problem of output saturation.

[Embodiment 10]

In Embodiments 1 through 9, a touch panel system
provided with a sub sensor 32 (sub sense line 34) has been

described. However, for a touch panel system of the present

. invention, the sub sensor 32 is not essential. In the present

embodiment, a touch panel system not provided with a sub .
sensor 32 will be described.
Fig. 20 is a view schematically illustrating a basic

configuration of a touch panel system 1i of the present
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embodiment. The touch panel system 1liincludes a subtracting
section 41la for finding a difference signal of sense lines 33
adjacent to each other.

More specifically, a touch panel 3¢ includes a plurality
of (in Fig. 20, five) drive lines 35 and a plurality of (in Fi‘g. 20,
eight) sense lines 33 intersecting the drive lines 35. The sense
lines 33 énd the drive lines 35 are isolated from each other,
and the sense lines 33 and the drive lines 35 are coupled to
each other via capacitances.

A touch panel controller 4 includes switches SW, the
subtracting section 41la, storage sections 45a through 45d,
which are arranged in this order from an input-receiving side |
of the touch panel controller 4. Note that the touch panel
controller 4 also includes a coordinates detecting section 42
(not illustrated) and a CPU 43 (not illustrated) (see Fig. 1).

The subtracting section 41la includes input terminals
(input terminals for outputs of main sensors) for receiving
signals outputted by main sensors 31. The subtracting section
41a receives the signals from the main sensors 31. Then, the
subtracting section 41a subtracts one of adjacent sense lines
33 from the other of the adjacent sense lines 33, so as to find
a difference value (difference signal). The signal thus obtained
as a result of the subtracting operation by the subtracting
section 41la is outputted to the coordinates detecting section

42 (see Fig. 1).
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Thus, the touch panel system 1i differs from the touch
panel systems of the above-described embodiments in terms of
that the touch panel system 1li is not provided with a sub
sensor 32 (sub sense line 34) and the subtracting section 41a
performs a different operation.

The switches SW select, from signals supplied from the
sense lines 33, signals to be supplied to the éubtracting
section 4la. More specifically, each of the switghes SwW
includés two terminals (upper and lower ferminals), and
selects one of the upper and lower terminals. Fig. 20 shows a
state where the switches SW select the lower terminals.

The subtracting section 41a performs difference signal
operations on, out of signals supplied from Arrays (1) through
(8), signals selected by the switches SW. Specifically, the
subtracting section 41a performs a difference signal operation
between sense lines 33 which are adjacent to each other. For
example’, in a case where the switches SW select the lower
terminals as shown in Fig. 20, the subtracting section 41a
performs the following signal operations: Array (8) — Array (7);

Array (6) — Array (5); Array (4) — Array (3); and Array (2) — Array

‘(1). On the other hand, in a case where the switches SW select

the upper terminals (not illustrated), the subtracting section
4la performs the following difference signal operations: Array
(7) — Array (6); Array (5) - Array (4); and Array (3) - Array (2).

In a case where each of the switches SW selects one of
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the upper and lower terminals, the storage sections 45a
through 45d store signals (difference operation signals)
obtained by the difference operations performed by the
subtracting section 4la. On the other hand, in a case where
each of the switches SW selects the other one of the upper and
lower terminals, difference operation signals are directly
outputted, not via the storage sections 45a through 45d.

(2) Noise Processing Performed by Touch Panel System
1i

With reference to Figs. 20 and 21, the following will
describe noise processing performed by the touch panel
system 1i. Fig. 21 is a flow chart illustrating a noise canceling
process, which is a basic process of the touch panel system' 1i.

Upon activation of the touch panel system 1i, the drive
line 35 is supplied with an electric potential at a certain
interval. The user’s performing a touch operation on the touch
panel 3c changes a capacitance of a specific sense line 33
corresponding to the touched position. Namely, the user’s
performing the touch operation on the touch panel 3¢ changes
a value of an output signal supplied from that sense line 33.
The touch paﬁel system 1i outputs, to the touch panel
controller 4, output signals fr‘om the sense lines 33, while
driving the drive lines 35. Thus, while driving the drive lines |
35, the touch panel system 1i detects a change in the

capacitance of the sense line 33, so as to determine the
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presence or absence of a touch operation and a touched
position.

To be more specific, a noise such as a clock generated in
the display device 2 and other noises coming from the outside
are reflected in the touch panel 3c. Therefore, a main sensor
group 31lb detects ‘Variou's kinds of noise components.
Specifically, the output signal supplied from the sense line 33
includes not only a signal derived from the touch operation
itself but also a noise signal (noise component) (F701).

Next, the switches SW select the lower terminals (F702).
Then, the subtracting section 41la finds a difference (sense
line (Sn+1) - sense line Sn: a first difference) between a sense

line 33 (sense line Sn) and a sense line (sense line Sn + 1)

which is one of two sense lines 33 adjacent to the certain sense

line 33 (F703).

For Arrays (1) through (8) shdwn in Fig. 20, the
subtracting section 41a performs the following four difference
signal operations:

Array (2) - Array (1) (The resulting difference value is
referred to as “A”.)

Array (4) - Array (3) (The resulting difference value is
referred to as “C”.)

Array (6) - Array (5) (The resulting difference value is
referred to as “E”.) |

Array (8) - Array (7) (The resulting difference value is
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referred to as “G”.)
Namely, in the step F703, the subtracting section 4la
performs the difference signal operations on Arrays (1)
through (8) of the sense lines 33. .

The differenvce values A, C, E, and G found by the
subtracting section 41a are stored in the storage sections 45a
through 45d, respectively. Namely, the storage section 45a
stores the difference value A, the storage section 45b stores

the difference value C, the storage section 45c stores the

-difference value E, and the storage section 45d stores the

difference value G (F704).

Next, the switches SW selecting the lower terminals are
turned to select (close) the upper terminals (F705). Then, the
subtracting section 41la performs an operation similar to that
of F703. Specifically, the subtracting section 4la performs a
difference signal operation'(sense. line (Sn+1) — Sn: a second
difference) between the sense line 33 (sense line Sn) and a
sense line (sense line Sn—l) which is the other one of the two
sense lines 33 adjacent to the certain sense line 33 (F706).

For Arrays (1) through (8) shown in Fig. 20, the
subtracting section 4la performs the following three
difference signal operations:

Array (3) - Array (2) (The resulting difference value is
referred to as “B”.)

Array (5) - Array (4) (The resulting difference value is
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referred to as “D”.)

. lArray (7) - Array (6) (The resulting difference value is
referred to as “F”.)
Namely, in the step F706, the subtracting section 4la
performs the difference signal operations on Arrays (2)
‘through (7).

As described above, the touch panel system 1i obtains a

difference signal value between sense lines 33 adjacent to

 each other. Namely, a difference is found between the adjacent

sense lines 33, which have a higher correlation in terms of
noise. This removes the noise component from the output
signal supplied from the main sensor group 31b, thereby
extracting the signal derived from the touch operation itself.
This makes it possible to reliably remove (cancel) a wide
variety of noises reflected in the touch panel Sc.

[Embodiment 11]

Fig. 22 is a view scherhatically illustrating a basic
configuration of a touch panel system 1j of the present
embodiment. The touch panel system 1j is configured by
employing, in the above-described touch panel system 1i
having the noise canceling function shown in Fig. 20, a drive
line driving circuit (not illustrated) for parallel driving the
drive lines 35. Further, the touch panel system 1j includes (i)
a decoding section 58 for decoding difference values of

capacitances which difference values are found by a



10

15

20

25

WO 2012/176639 PCT/JP2012/064858

- 81 -
subtracting section 41la, (i) a non-touch operation
information storage section 61 for storing a distribution of
differences between the capacitances which differences are
decoded by the decoding section 58 when no touch operation is
performed, and (iii) a calibration section 62 for calibrating a
distribut'ion of differences between the capacitances which
differences are decoded by the decoding section 58 when a
touch operation is performed. Since the touch panel system 1j
operates in the same manner as the above-described touch
panel system 1li, explanations thereof are omitted here. The
following descriptions focus on processes performed by the
subtractingv section; 41a, the decoding section 58, the

non-touch operation information storage section 61, and the

calibration section 62. Further, the following descriptions deal

with an example where brthogonal sequences or M sequences
are used as code sequences for parallel driving.

Concretely, assume that code sequences (a component
is 1 or -1) for parallel driving the first drive line through the
Mth drive line are as follows:

d: = (d11, di2, ... , d1n)

d2 = (d21, d22, ... , dan)

dm = (dmi, dm2, ... , dun)
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Hereinafter, the code sequences are assumed as orthogonal
sequences or M sequences each having a code length N (=
27n-1), having been shifted. Such sequences have a nature of

establishing the following formula:
N

d-d, =) d,xd, =Nx8,
k=1

where if d1 to dv is an orthogonal sequence, 8;;=1 if i=j, 0 if i#j,

if d1 to dm is an M sequence, ;=1 if i=j, -1/N if i#j.

Difference output sequences “Sjp (j = 1, ... , [L/2], P =
1,2) (L indicates the humber of sense lines 33, [n] = an integer
part of n)” of sense lines 33, which difference output
sequences correspond to the aforementioned sequences, are
defined as follows:

Sj,1: An output sequence for d: through dm when the
switches SW select the lower terminals.

Sj,2: An output sequence for d; through dm when the
switches SW select the upper terminals.

Further, a distribution of differencebs “0sClyjpk=1, ...,
M; =1, ..., [L/2]; P =1, 2)” of capacitance values in a

direction in which each of the drive lines 35 extends (in a

direction in which the sense lines 33 are arranged) is defined

as follows:

(0sC)xj,1 = Cx,2j - Cxk,2j-1
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(0sC)xkj,2 = Ck,2j+1 - Cx,2j
In this case, a difference output of capacitances in the
direction in which each of the drive lines 35 extends obtained

by parallel driving is as follows:

Sip =515 2555 n.5)

M N N
=(0.0,0)4,%d1, Y (0,0, Xy 2 (0,0) %o )X Ve ! o)
k=1 k=1 k=1

M
= (Z (65C)I\j,p X (dkl’dk2 """de )) X (I/dr'ive /CINT)

k=1

Mk

(asc)kj.p Xdk) X (Vdrive /CINT)

ol
il

1

10
‘.The decoding section 58 decodes the difference values of
the capacitances which differences value are found by the
subtracting section 41la (i.e., the distribution of differences
between the capacitance values in the direction in which each
15 of the drive lines 35 extends). Specifically, the decoding
section 58 finds inner products of (i) the code sequences for
parallel driving the drive lines 35 and (ii) the difference output
sequences of sense lines 33, which difference output
sequences correspond to the aforementioned sequences.
20 Therefore, an inner product value decoded by the decoding

section 58 is expressed as follows:
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N
di ) Sj,P = diZ((asC)]g',P X dk) X (Vdrive / CINT)
k=1

(0,C)ypxd; - d )XV e/ Ciur)

1

I

M=z 1[M=

((asc)lg',P x N X 5ik) X (Vdrive /CINT)

b
Il

1

. N
where di'djzzdik dek :NX5I'J', and
k=1

if d; to dwm is an orthogonal sequence, 6i=1 if i=j, 0 if i#j

if d1 to dm is an M sequence, ;=1 if i=j, -1/N if i#j.

Thus, the decoding section 58 finds, as a main
component of the decoded inner product value di-sjp, an
N-folded distribution of differences (0sC)xj,p between the
capacitance values in the direction in which each of the drive
lines 35 extends. Accordingly, by regarding an estimate value
of the distribution of differences (0sC)ij,p between the
capacifance values in the direction in which each of the drive
lines extends as the inner product value d;-sj,p, it is possible to
read signal strengths of the capacitance values which signal
strengths have been multiplied by N (i.e., multiplied by a code
length). |

Meanwhile, as described abofze, by defining the

difference output sequences Sjp (P = 1, 2) of the sense lines 33,
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a common mode noise superimposed in common on sense lines
33 adjacent to each other is canceled. This makes it possible
to read a difference capacitance with a high SNR.

As described above, according to the touch panel system
1j, the touch panel 3c is parallel driven, and the decoding
section 58 decodes the values of the di-fferences between the
capacitances which values are found by the subtracting
section 4la. Consequently, signals of the capacitances  are
multiplied by a code length (i.e., multiplied by N). Therefore,
signal strengths of the capacitances are increased, regardless
of the number of drive lines 35. Further, provided that
necessary signal strengths are merely equal to those of the
conventional driving method shown in Fig. 9, it is possible to
reduce a driving period for the drive lines 35 to one-Nth of that
of the driving method shown in Fig. 9. Namely, it is possible to
reduce the number of times that ‘the drive lines 35 should be
driven. This makes it possible to reduce electric power
consumption of the touch panel system 1j.

Preferably, the touch panel system 1j is configured such
that the calibration section 62 subtracts (i) differences
between respective pairs of the sense lines 33 adjacent to each
other (= a distribution of difference values in the entire touch
panel) which differences are found when no touch operation is
performed‘ from (ii) differences between the respective pairs of

the sense lines 33 adjacent to each other (i.e., a distribution of
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difference values in the entire touch panel 3c¢) which
differences are found when a touch operation is performed.
Namely, it is preferable that (i) such the difference signal
operation is performed before and after a touch operation and
(ii) subtraction is performed between difference value signals
obtained before and after the touch operation. For example,
the non-touch operation information storage section 61 stores
an estimated value of a distribution of differences (0sC)kj,p
found in an initial state where no touch. operation is performed
(when no touch operation is performed). Then, the calibration
section 62 subtracts (i) the estimated value of the distribution
of the differences (0sC)xj,p found when no touch operation is
performed, which estimated value is stored in the non-touch
operation information storage section 61, from (ii) an
estimated value of a distribﬁtion of differences (0sC)xj found
when a to.u(.:h operation is performed. Thus, the calibration
section 62 subtracts (i) the distribution of the differences
between capacitances found when no touch operation is

performed which distribution is stored in the non-touch

- operation information storage section from (ii) the distribution

of differences between the capacitances found when a touch
operation is performed (i.e., the difference value signal found
when a touch operation is performed - the difference value
signal found when no touch operation is performed). This

makes it possible to cancel an offset inherent in the touch
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panel 3c.

Thus, the touch panel system 1j is free from a difference
component resulting from a variation in capacitances which
variation is inherent in fhe touch panel 3c. Consequently, only
a difference component resulting from the touch operation is
detected. In the case of the M sequence, an error component (§;
j = -1/N if else i#j) mixes therein, which does not occur in the
case of the orthogonal sequence. However, this error
component results only from the touch operation. Therefore, if
N is increased (e.g., N = 63‘ or 127), a degree of deterioration of
SNR becomes smaller.

[Embodiment 12]

Fig. 23 is a view schematically illustrating a basic
configuration of a touch panel system 1k of the present
embodiment. The touch panel system 1k includes a
subtractiﬁg section 4la having a different configuration.

Output signals supplied from sense lines 33 of a touch
panel 3c are analog signals. Therefore, the subtracting section
41a includes an analog-to-digital converting section (third
analog-to-digital converting sectipn) 48a and a digital
subtracter (not illustrated).

With this configuration, output signals (analog signals)
supplied from the touch panel 3c¢c are converted into digital
signals by the analog-to-digital converting section 48a of the

subtracting section 41a. The digital subtracter performs, by
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use of the .digital signals thus converted, subtracting
operations in the same manner as in the touch panel systems
11 and 1j shown in Fig. 20.

Thus, the touch panel system 1k can remove a noise by
(1) converting, into digital signals, analog signals outputted by
the touch panel 3c and thereafter (ii) performing subtracting
operations.

[Embodiment 13]

Fig. 24 is a view schematically illustrating a basic
configuration of a touch panel system 1m of the present
embodiment. The touch panel system 1m includes a
subtracting section 41a having a different configuration.

Output signals supplied from sense lines 33 of a touch
panel 3c are analog signals. Therefore, the subtracting section
4la includes a differential amplifier 49 and an
analog—to—digital converting section 48a (fourth
analog-to-digital converting section).

With this configuration, in the same manner as in the

touch panel system 1i shown in Fig. 20, the differential

amplifier 49 performs subtracting operations. on output
sigﬁals (analog signals) supplied from the touch panel 3c,
without converting the analog signals into digital signals. The
analog-to-digital converting section 48a converts, into a
digital signal, an analog signal thus obtained by the

subtracting operations.
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Thus, the touch panel system 1m can remove a noise by
(i) performing subtracting operations on analog signals
outputted by the touch panel 3¢, without converting the
analog signals into digital signals, ‘and thereafter (ii)
converting the resulting signal into a digi;cal signal.

[Embodiment 14]

Fig. 25 is. a view schematically illustrating a basic
configuration of a touch panel system 1n of the present
embodiment. The touch panel system 1n includes a
subtracting section 41la having a different configuration. The
touch panel system 1n includes a total differential amplifier
50 instead of the differential amplifier 49 in the touch panel
system 1m shown in Fig. 24.

Output signals supplied from sense lines 33 of a touch
panel 3c are analog signals. Therefore, the subtracting section
41la includes the total differential ampiifier 50 and an
analog-to-digital converting section 48a.

With this configuration, in the same manner as in the
touch panel system 1i shown in Fig. 20, the total differential
amplifier 50 performs subtracting operations on‘ output
signals (analog signals) from the touch panel 3¢, without
converting the analog signals into digital signals. The
analog-to-digital converting section 48a converts, into a
digital signal, an analog signal thus obtained by the

subtracting operations.
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Thus, the touch panel system 1n can remove a noise by
(i) performing subtracting operations on analog signals
outputted by the touch‘panel 3c, without converting the
analog signals into digital ‘signals, and thereafter (ii)
converting the resulting signal into a digital signal.

[Embodiment 15]

Fig. 26 is a view schematiclally illustrating a basic
configuration of a touch panel system lo of the present
embodiment. The touch panel system 1lo includes a
subtracting section 41la having a different configuration. The
touch panel system lo includes a total differential amplifier
S50 instead of the differential afnplifier 49 in the touch panel
system 1lm shown in Fig. 26.

Output signals supiolied from sense lines 33 of a touch
panel 3c are analog signals. Therefore, the subtracting section
41la includes the total differential amplifier 50 and an
analog-to—digital converting section 48a.

With this configuration, in the same manner as in the
touch panel system 1li shown in Fig. 20, the total differential
amplifier 50 performs subtracting operations on output
signals (analog signals) from the touch panel 3¢, without
converting the analog signals into digital signals. The
analog--to—digital converting section 48a converts, into ‘a
digital signal, an analog signal thus obtained by the

subtracting operations.
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Further, the touch panel system 1lo employs, as a
driving method for the touch panel 3¢, the orthogonal
sequence driving method shown in Figs. 10, 12, and 22.
According to this configuration, as shown in Fig. 10, a voltage
for driving four drive lines is applied as follows: In the second
driving through the fourth driving, +V is applied twice and -V
is also applied twice, i.e., the number of times of application of
+V is equal to that of -V. On the other hand, in the first driving,
+V is applied four times. Accordingly, an output value of an
output sequence Y1 iof the first driving is greater than that of
each of output sequences Y2 through Y4 of the second driving
through the fourj:h driving. Therefore, adding a dynamic range
to the output values of the output sequences Y2 through Y4 of
the second driving through the fourth driving causes
saturation of the output sequence Y1 of the first driving.

In order to address this, the subtracting section 41a of
the touch panel system 1lo includes the total differential
ampli'fier 50.

Further, employed as the total differential amplifier 50
is the one whose input common-mode voltage range is rail to
rail. Namely, the total differential amplifier 50 has a wide
common-mode input range. Consequently, the total
differential amplifier 50 can operate in a voltage range frorﬁ a
power source voltage (Vdd) to GND. Furthermore, a difference

between input signals supplied to the total differential
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amplifier 50 is amplified. Therefore, regardless of the type of
the orthogonal sequence driving method employed in the touch
panel 3c which is combined with the touch panel system 1o, an
output signal from the total differential amplifier 50 is free
from the problem of output saturation. Note that one example
of the total differential amplifier 50 is as previously described
with reference to Fig. 17.

Thus, the touch panel system lo can remove a noise by
(i) performing subtracting operations on analog signals
outputted by the touch panel .3c, without converting the
analog signals into digital signals, and thereafter (ii)
converting the resulting signal into a digital signal.
Furthermore, since the touch panel system lo includes the
total differential amplifier 50 capab1¢ of rail-to-rail ope_ration,
an output signal from the total differential amplifier 50 is free
from the problem of output saturation.

[Embodiment 16]

Next, the following will describe a method for detecting a
touch operation, which method is employed in the touch panel
systems of the above-described embodiments. The following
descriptions deal with, as an example, the touch panel system
1j of Fig. 22. However, the touch panel systems of other
embodiments perform the same operation. The touch panel
system 1j includes a judging seétion 59 for determining the

presence or absence of a touch operation based on a
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comparison of (i) a difference between signals of sense lines 33
adjacent to each other which difference is found by the
subtracting section 41la and the decoding section 58, and (ii)
positive and negative threshold values. Note that the judging
section 59 is supplied with (i) a signal (a distribution of
differences between capacita'nces) having been subjected to a
calibration process by the calibration section 62 or (ii) a signal
(a disfribution of differences between capacitances) having not
been subjected to a calibration pfocess by the calibration
section 62. In the case where the signal having not been
subjected to the calibration process by the calibration section
62 is inputted to the jud’ging’section 59, a distribution of
differenceé between the capacitances which distribution has
been decoded by the decoding section 58 is directly inputted to
the judging section 59. The following will describe the case
where the signal having not been subjected to the calibration
process by the calibration section 62 is inputted to the judging
section 59. However, the samle operation is performed also in
the case where the signal having been subjected to the
calibration process is inputted to the judging section 59.

Fig. 27 is a flow chart illustrating a basic process of the
judging section 59 in the touch panel system 1j shown in Fig.
22. Fig. 28 is a view schematically illustrating a method of
recognizing touch information in the flow chart shown in Fig.

27,
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As shown in Fig. 27, the judging section 59 first obtains
values of differences in signal between respective pairs of
sense lines adjacent to each other (difference information)
“(0sC)ij,p” which values are found by the subtracting section
4la and the decoding section 59 (F801). Next, the judging
section 59 compares the values of the differences with a
positive threshold value THp and a negative threshold value
THm, each of which is stored in the judging section 59, so as to
create an increase and decrease table (F802). This increase
and decrease table is, for example, a ternary increase and
decrease table as shown in (a) of Fig. 28.

Next, thé ternary increase and decrease table is
converted.into a binary image (i.e., binarized) (F803). For
example, in a case where the increase and decr‘easé table
shown in (a) of Fig. 28 is scanned in the order from a sense line
S1 to a sense line S7 (in a direction toward the right in Fig. 28),
the following operation is carrie-d 6ut: In the increase and
decrease table, if the value “+” is scanned, the value therein

and subsequent value(s) are all converted into “1” until the

{3 © »

value is scanned next. Meanwhile, if the value “-” is
scanned, the scanning is performed in a direction opposite bto
the scénning direction (in a direction toward the left in Fig. 28)
and the value therein is surely converted into “1”. In this

manner, binarized data as shown in (b) of Fig. 28 is obtained.

Next, in order to extract touch information from the
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binarized data, a connected component is extracted (F804).
For example, in (b) of Fig. 28, if the values “1” are arranged
side by side on drive lines adjacent to each other and on a
single sense line, (i) a connected component including one of
such the values “1” and (ii) a connected component including
the other one of such the values “1” are regarded as a single
connected component, which is set as a candidate of a touched
position! Namely, each of the boxed parts including the values
“l1” in (c) of Fig. 28 1is regarded as a single connected
component, and is extracted as a candidate of a touched
position.

Lastly, based on the extracted candidates of the touched
position, touch information (the size, position, etc. of the
touch) is recognized (F805).

Thus, based on a difference between signals of sense
lines 33 adjacent to each other from which difference a noise
signal has been removed, the judging section 59 determines
the presence or absence of a touch operation. This makes it
possible to accurately determine the presence or absence of
the touch operation.

Furthermore, in the above-described example, based on
a comparison of (i) the differences in signals between the
respective pairs of sense lines 33 adjacent to each other which

differences are found by the subtracting section 41a and (ii)

‘the positive and negative threshold values (THp, THm), the
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judging section 59 creates the increase and decrease table
indicating, in ternary, the distribution of the differences in
signal between the sense lines 33, and converts the increase
and decrease table into the binary image. Namely, the
differences in signals between the respective pairs of sense
lines 33 adjacent to each other from which differences the
noise signal has been removed are inputted to the judging
section 59. The judging section 59 compares (i) the differences
in signals between the respective pairs of sense lines 33
adjacent to each other and (ii) the positive and negative
threshold values (THp, THm) stored in the judging section 59,
so as to create the increase and decrease table indicating, in
ternary, the distribution of the differences in signal between
the sense lines 33. Further, the judging section 59 binarizes
the increase and decrease table, so that the increase and
decrease téble is converted into the binary image.
Consequently, from the binary image thus converted, the
candidates of the touched position are extracted. Thus, by
recognizing the touch information (the size, position, etc. of
the touch) based on the binary image, it is possible not only to
determine the presence or absence of the touch operation but
also to recognize the touch information more accurately.

[Embodiment 17]

Fig. 29 is a functional block diagram illustrating a

configuration of a mobile phone 10 including a touch panel
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system 1. The mobile phone (electronic device) 10 includes a
CPU Sl, a RAM 53, a ROM 52, a camera 54, a microphone 55,
a speaker 56, an operation key 57, and the touch panel system
1. These elements are connected with each other via data bus.

The CPU 51 controls Qperation of the mobile phone 10.
The CPU 51 executes, for example, a program stored in the
ROM 52. The operation key 57 receives an instruction entered
by a user of the mobile phone 10. The RAM 53 stores, in a
volatile manner, data generated as a result of the CPU 51’s
executing the program or data inputted via the operation key
57. The ROM 52 stores data in an involatile manner.

Further, the ROM 52 is a ROM into which data can be
written and from which data can be deleted, for example, an
EPROM. (Erasable Programmable Read-Only Memory) or a flash
memory. The mobile phone 10 may be configured to include an
inte‘rface (IF) (not illustrated in Fig. 29) which allows the
mobile phone 10 to be connected with another electronic
device via a wire.

The camera 54 takes an image of a subject in response
to the user’s operation on the operation key 57. The obtained
image data of the subject is stored in the RAM 53 or an
external memory (e.g., a memory card). The microphone
accepts an inputted voice of the user. The mobile phone 10
binarizes the inputted voice (analog data). _‘Then, the mobile

phone 10 transmits the binarized voice to a receiver (e.g., to
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another mobile phone). The speaker 56 outputs, for example,
sounds based on music data stored in the RAM 53.

The touch panel system 1 includes a touch panel 3, a
touch panel controller 4, a drive line driving circuit 5, and a
display device 2. The CPU 51 controls operation of the touch
panel system 1. The CPU 51 executes, for example, a program
stored in the ROM 52. The RAM 53 stores, in a volatile manner,
data generated as a result of the CPU 51’s executing the
program. The ROM 52 stores data in an involatile manner.

The display device 2 displays an image stored in the
ROM 52 or the RAM 53. The display device 2 is stacked on the
touch panel 3 or includes the touch panel 3.

[Embodiment 18]

The touch panel system in each of the above
embodiments can further include the following configuration.

[Configuration of Touch Panel System 1p]

Fig. 31 is a block diagram illustrating an ‘outline
configuration of a touch panel system of the present
embodiment provided in an electronic device.

A touch panel system 1p includes a touch panel 11 and
a touch panel controller 12. The touch panel 11 and the touch
panel controller 12 are configured to be capable of detecting
simultaneous touches on a plurality of points of thé touch
panel 11. One example of the configuration is a so-called

capacitance type touch panel.
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The touch panel 11 is disposed so as to overlap a display
screen (not illustrated) of a display device. Examples of the
display device encompass liquid crystal display devices,
plasma display devices, organic EL display devices, and field
emission display devices. Specific examples of the touch panel
11 encompass touch panels provided in portable electronic
devices (mobile electronic devices) such as smartphones,
tablet-type terminals, notebook computers, and the like.

The touch panel 11 includes a plurality of drive lines
that extend in a vertical direction (the X direction in Fig. 31)
and that are parallel to each other. Further, the touch panel
11 includes a plurality of sense lines (S0, S1, S2, ... Sn-1) that
extend in a horizontal direction (the Y direction in Fig. 31) and
that are parallel to each other. Further, the touch panel 11
includes a plurality of electrostatic capacitors (not illus‘trated)
formed at respective intersections of the plurality of drive
lines and the plurality of sense lines.

The touch panel controller 12 is a system which is

~configured to allow for a touch operation using the touch

panel 11 (an instruction given to the electronic device in
accordance with a touch on the touch panel 11). In this
specification, the touch panel controller 12 means
constituents elements, except for the touch panel 11, for
accomplishing the touch operation.

The touch panel controller 12 includes a drive line
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driving section 13, an amplifying circuit 14, a signal selecting
section 15, an A/D (analog/digital) converting section 16, a
decoding section 17, a touch position detecting section 18,
and a tquch invalidating section 19. The touch panel system
lp includes a host computer 20.

The drive line driving section 13 drives the plurality of
drive lines by applying a voltage to the plurality of drive lines.
Thus, an electric charge is supplied to the plurality of
electrostatic capacitors. |

The 'amplifying circuit 14 feads out, for .each of the
sense lines, linear sum signals of electric charges
accumulated in the plurality of electrostatic capacitors, and
then supplies the linear sum signals to the signal selecting
section 135.

The signal selecting section 15 selects one of the
plurality of linear sum signals thus read out for each of the
sense lines, and then supplies the linear sum signal thus
selected to the A/D converting section 16.

The A/D converting section 16 converts the linear sum
signal selected by the signal selecting section 15 from an
analog signal to a digital signal, and then supplies the linear
sum signal thus converted to the decoding section 17.

| The decoding section 17 decodes the linear sum signal
thus supplied from the A/D converting section 16 so as to

obtain an electrostatic capacitance distribution, and then
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supplies the electrostatic capacitance distribution to the
touch position detecting section 18.
The touch poéition detecting section 18 detects a

touched point of the touch panel 11 on the basis of a

‘distribution of X-coordinates and Y-coordinates on the

electrostatic capacitance distribution, and then suppiies the
result of the detection to the touch invalidating section 19.
The touch invalidating section 19 judges whether or not
the touched point of thve touch panel 11 has been continuously
touched for a predetermined period of time. The predetermined
period of time is approximately 1 to several seconds. For
example, the predetermined period of time is 2 secoﬁds. In a
case where the touched point of the touch panel 11 has been
continuously touched for the predetermined period of time,

the touch invalidating section 19 invalidates a touch operation

.corresponding to the touch.

The touch invalidating section 19 supplies information
indicative of the touched point of the toﬁch panel 11 to the
host computer 20 in a case where the touch invalidating
section 19 validates the touch operation. Meanwhile, in a case
where the touch invalidating section 19 invalidates the touch
operation, the touch invalidating section 19 awaits without
supplying such information to the host computer 20.

That is, the touch invalidating section 19 has a function

of invalidating, in a case where a specific point of the touch
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panel ‘11 i1s continuously touched for a predetermined period
of time, an instruction that is given to an electronic device
including the touch panel 11 in accordance with the touchv.

The host computer 20 .is, for example, constituted by a
CPU (Central Processing Unit). The host computer 20 controls
the electronic device in accordance with the information
supplied from the touch invalidating section 19. For example,
the host computer 20 causes display data corresponding to
information supplied from the touch invalidating section 19 to
be supplied to a display device provided in the electronic
device so that an image is displayed on a display screen of the
display device.

[Example 1 of Touch Invalidating Section]

Fig. 30 is a graph illustrating an example in which a
touch operation is invalidated by the touch invalidating
section 19 of the present embodiment.

In the graph of Fig. 30, the vertical axis represents a
touch detection value and the horizontal axis represents an
elapsed time.

The present example discusses an example in which an
object makes contact with a single specific point of the touch
panel 11.

In a case where an bbject mak'es‘ contact with tﬁe touch
panel 11, a touch detection value corresponding to an

electrostatic capacitance at a contact point increases in
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accordance with the degree of this touch (pressure on the
touch panel 11, range of the contact, etc.). The touch position
detecting section 18 of the touch panel controller 12 judges
that the contaét point is being touched, in a case where the
touch detection value is not less than a touch threshold value
Dth or in a case where the touch detection va‘lue is above the
touch threshold value Dth. The touch position detecting
section 18 judges that the touch is continuing, until the touch
detection value goes below the touch threshold value Dth or in
a case where the touch detection value becomes not more than
the touch threshold value Dth.

Generally, in a case where a human finger makes
contact with the touch panel 11, the touch detection value is
increased by this contact so as to exceed the touch threshold
value Dth. Accordingly, in the present embodinﬁent, it is
assumed that (i) the touch position detecting section 18 judges
that a touch is being made, in a case where the touch detection
value is above the touch threshold value Dth, whereas (ii) the
touch positioﬁ detecting section 18 judges that no touch is

being made, in a case where the touch detection value is not

- more than the touch threshold value Dth.

In the graph of Fig. 30, a time T1 at which the touch
detection value becomes a value D1 which exceeds the touch
threshold value Dth corresponds to a time at which the touch

position detecting section 18 first judges that a touch is being



10

15

- 20

25

WO 2012/176639 - PCT/JP2012/064858

- 104 -
made (a time at which the touch starts). This instant is set as
a touch start time T1.

The touch invalidating section 19 judgesvwhether or not
the touch continues for a pre-determineci period of time. In
other words, the touch invalidating section 19 judges whether
or not a period of time for which the touch detection value is
above the touch threshold value Dth continues for the
predetermined period of time.

The touch invalidating section 19 makes this judgment
with reference to a touch time threshold value Tth which is a
period of time corresponding to the predetermined period of
time. A time set as the touch time threshold value Tth is a
specific period of time which lasts for this time (spans this
time). In the graph of Fig. 30, a period of time from the touch
start time T1 to a time T2 corresponds.to the touch time
threshold value Tth. ’I“he time T2 is a time at which the touch
time threshold value Tth (the predefermined period of time)
has elapsed from the touch start time T1. Accordingly, the
touch time threshold value Tth is expressed by (time T2-time
T1).

It is preferable that the touch invali.dating section 19
thus judge whether or not the touch continues for the touch
time threshold value Tth which corresponds to the
predetermined period of time.

This makes it possible to judge, with a simple
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configuration, whether or not the contact point is
continuously touched for the predetermined period of time.

That 1is, the touch invalidating section 19 judges
whether or not continuous touch periods TA and TB (periods in
which the touch detection value is being above the touch
threshold value Dth) are not less than the period of time
represented by the touch time threshold value Tth.

In a case where the continuous touch period TA which
starts at the time Tl and ends at a time T3 is not less than the
period of time represented by the tbuch time threshold value
Tth, the touch invalidating section 19 judges that the touch
continued for the predetermined period of time. Based on this
judgment, the touch inivalidating section 19 invalidates a
touch operation corresponding to the touch (see the
continuous period TA in Fig. 30).

Meanwhile, in a case where the continuous touch period
TB which starts at a time T4 and ends at a time T5 is less than
the period of time rep‘resented by the touch time threshold
value Tth which starts at the time T4 and ends at a time T6,
the touch invalidating section 19 judges that the touch did not
continue for the predetermined period of time. Based on this
judgment, the touch invalidating section 19 validates the
touch operation corresponding to the touch (see the
continuous period TB in Fig. 30)

In a case where a specific point of the touch panel 11 is
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continuously touched for a predetermined period of time, the
touch invalidating section 19 invalidates an instruction that is
given in accordance with the touch to the electronic device.
Accordingly, in a case where an unintended contact of aﬁ
object with the touch panel 11 continues, such as a case where
a hand holding the electronic device is in contact with the
touch panel 11, an instruction corresponding to the contact is
not executed. This makes it possible to prevent an incorrect
operafion caused by such an unintended contact of an object
with the touch panel 11.

Moreover, there is no need to change a standard by
which presence or absence of a touch is judged for the purpose
of preventing such an incorrect operation, unlike the
above-mentioned conventional art. It is therefore possible to
suppress a decline in sensitivity of detection of presence or
absence of a touch.

Fig. 32 is a flow chart showing an example of how a
tou.ch operation is invalidated by the touch invalidating
section 19.of the present embodiment.

First, the touch position detecting section 18 judges
whether or not a contact poinf is being touched, by judging
whether or not a touch detection value corresponding to the
contact point is above the touch threshold value Dth (Step F1).
In a case where the touch detection value is not above the

touch threshold value Dth (NO in Step F1), the judgment is
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made again.

.In a case where the touch detection value is above the
touch threshold value Dth (YES in Step Fl), the touch
invalidating section 19 detects whether or not a continuous
touch period of the touch is not less than a period of time
represented by the touch time threshold value Tth (Step F2).

In a case where the continuous touch .period is not less
than the period of time represented by the touch time
threshold value Tth (YES in Step F2), the touch invalidating
section 19 judges that the touch continued for the
predetermined period of time, and invalidates a touch
operation corresponding to the touch (Step F31).

Meanwhile, in a case where the continuous touch period
is less than the period of time represented by the touch time
thresho-ld value Tth (NO in Step F2), the touch invalidating
section 19 judges that the touch did not continue for the
predetermined period of time, and validates the touch
operation corresponding to the touch (Step F32).

[Example 2 of Touch Invalidating Section]

Fig. 33 is a graph illustrating another example in which
a fouch operation is invalidated by the touch invalidating
section 19 of the present embodiment.

The graph of Fig. 33 is based on the graph of Fig. 30. The
following description, which is given with reference to the

graph of Fig. 33, deals with only matters different from the
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description given with reference to the graph of Fig. 30, and
the other matters are omitted for convenience of description.

In the example shown by the gra‘ph of Fig. 30, the touch
threshold value Dth, which is a threshold value for judging
based on a touch detection valﬁe whether a touch is being
made, does not change over time.

Meanwhile, in the example shown by the graph of Fig.
33, the touch invalidating section 19 changes a touch
threshold value in accordance with passage of time.

In the example shown by the graph of Fig. 33, since a
touch detection value is being a value D1 which exceeds the
touch threshold value Dth, over a touch time threshold value
Tth corresponding to a period of time from the tou»ch start time
T1 to the time T2, the touch invalidating section 19 makes the
touch threshold value higher by a than Dth. That is, in a case
where the touch continues for the touch time threshold value
Tth (the Apredeterminved period of time), the touch invalidating
section 19 makes the touch threshold value higher by a than
Dth for a certain period of time. The certain period of time is,
for example, a period of time until a display device or an
electronic device is turned off or a period of time shorter than
this period of time. it is preferable that the touch thresh_old
value (Dth + a) thus increased is a value that is sufficiently
larger than a touch detection value obtained by contact of a

human finger with the touch panel 11. That is, it is preferable
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that the touch threshold value (Dth + a) thus increased is a
value that does not allow a contact with the touch panel 11 to
be judged as a touch.

This allows the touch invalidating section 19 to
invalidate a touch operation regardless of a continuous touch
period after the touch threshold value is made higher by a
than Dth, i.e., after the time T2 of Fig. 33. In this case, even in
a case where a continuous touch period TB which starts at a
time T4 and ends at a time TS5 is less than the period of time
represented by the touch time threshold value Tth which
starts at the time T4 and ends at a tirﬁe T6, the touch
invalidating section 19 can invalidates a touch operation
corresponding to the touch.

In a case where a continuous touch period is not less
than the ‘period of time represented by the touch time
threshold value Tth, the touch invalidating section 19 judges
that the touch continued for the predetermined period of time,
and the touch invalidating section 19 invalidates a touch
operation corresponding to the touch and makes the touch
threshold value higher by a than Dth (see the period TA in Fig.‘
33).

After the touch threshold value is made higher by a than
Dth, even a continuous touch period TB corresponding to a
next touch is less than the period of time represented by the

touch time threshold value Tth, a touch detection value D1 is
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not more than the touch threshold value (Dth + a).
Accordingly, the touch invalidating section 19 invalidates a
touch operation corresponding to the touch (see the period TB
in.Fig. 33). |

As described above, the tduch invalidating section 19
can be configured to increase a touch threshold value in a case
where a touch continues for a predetermined period of time, so
as to invalidate a touch operatioh corresponding to the touch
for a certain period of time.

Consequently, even in a caée where an unintended
contact of an object with the touch panel 11 frequently occurs
in a short time, it i1s possible to prevent an incorrect operation,
which can occur every time the contact is made, by causing
the touch invalidating section 19 to function just once.

Moreover, it is possible to achieve, with a simple

- configuration, an arrangement in which in a case where a

specific point is continuously touched for a predetermined
period of time, the touch invalidating section 19 increases a
touch threshold value so that an instruction corresponding to
a touch on this point is invalidated for a certain period of time.

[Configuration of Electronic device]

Fig. 34 is a block diagram illustrating an example of an
outline configuration of an electronic device 80 of the present
embodiment.

The electronic device 80 illustrated in Fig. 34 is a mobile
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apparatus. Fig. 34 shows an example in which the electronic
device 80 is a smartphone.

The electronic device 80 includes a bus line 81. The
electronic device 80 includes a storage section 82, a camera
section 83, an input operation section 84, a communication
processing section 85, a screen display section 86, an audio
output section 87, and a control section 88 each of which is
connected to the bus line 81.

The storage section 82 is, for example, constituted by a
ROM (Read Only Memory) and a RAM (Random Access
Memory). In the storage section 82, various kinds of data such
as data of an image taken by the camera section 83 and data of
an image to be displayed on a display screen which is a main
part of the screen display section 86 are stored.

The camera section 83 is, for example, constituted by an
imaging module which includes an imaging lens and an
imaging device. The camera section 83 is for taking a
photograph of an object (subject).

The input operation section 84 includes a touch panel
89 and input buttons 90.

The touch panel 89 has an identical configuratiqn to the
touch panel 11 (see Fig. 31), and is disposed so as to overlap
the display screen. The touch panel 89 is capable of giving the
electronic device 80 various kinds of instruction according to

a touched point, a continuous touch period, etc.
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The input buttons 90 are a plurality of buttons provided
on a housing (not illustrated) or the like of the electronic
device 80. The input buttons 90 are capable of giving the
electronic device 80 various kinds of instruction according to
a pressed button, a combination of pressed buttons, a period
of time for which a button is being pressed, a timing at which
a button is pressed, etc.

The communication processing section 85 is responsible
for communication between the electronic device 80 and an
outside of the electronic device 80, such as reception of
television broadcast, connection with various kinds of
communication networks including Internet, and
communication with other terminals (telephone call etc. in the
case of a mobile terminal). The communication processing
section 85 includes various kinds of antennas for transmitting
and receiving a radio wave, a peripheral circuit (peripheral
equipment) of the antenﬁas, etc.

The screen display section (display device) 86 includes a
display screen on which an image is displayed. The screen
display section (display}device) 86 is any of a liquid crystal
display device, a plasma display device, én organic EL display
device, and a field emission display. As described above, the
touch panel 89 is disposed so as to overlap the display screen
which is a main part.of the screen display section 86. Note that

a structure of the touch panel 89 is not illustrated nor
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described in detail here.

The audio output section 87 includes a speaker or the
like. The audio output section 87 outputs audio to an outside.v

The control section 88 collectively controls the storage
section 82, the camera section 83, the input operation section
84, the communication processing sectioh 85, the screen
display section 86, and the audio output section 87 via the bus
line 81. For the purpose of this control, the control section 88
writes data to be stored into the storage section 82 and reads
desired data from the storage section 82 as necessary.

The control section 88 is mainly constituted by a CPU.
The control section 88 corresponds to the host computer 20
(see Fig. 31). Note, however, that taking into consideration
that the control section 88 carries out signal processing based
on input from the touch panel 11, it can be interpreted that

the control section 88 includes the constituent elements of the

’

touch panel ‘controller 12 (see Fig. 31) including hardware.

It is thus possible to provide the electronié device 80
that is capable of preventing an incorrect operation caused by
an unintended contact of an object with the touch panel 11
while suppressing a decline in sensitivity of detection of
presence or absence of a touch.

[Example 3 of Touch Invalidating Section]

It is possible to cause the touch invalidating secvt'ion 19

to function (invalidate, in a case where a specific point is
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continuously touched for a predetermined period of time, an
instruction that is given in accordance with the touch to the
electronic device) only in a part of the touch panel 11. Such an
example is described below with reference to (a) and (b) of Fig.
35.

(a) and (b) of Fig. 35 are diagrams illustrating still
another example in which a touch operation is invalidated by
the touch invalidating section 19 of the present embodiment.

A tablet-type terminal (electronic device) 200 illustrated
in (a) and (b) of Fig. 35 includes a touch panel 11 that is
disposed so as to overlap a display screen, a gravity sensor
201, and a frame 202. Further, the tablet-type terminal 200

includes the touch panel controller 12 (not illustrated, see Fig.

31).

In the following description, it is assumed that (i) the
tablet-type terminal 200 has a substantially rectangular
shape from a plan view and (ii) the gravity sensor 201 is
provided in a part of the frame 202 which part constitute a

short side of the tablet-type terminal 200, in accordance with

the illustration of (a) and (b) of Fig. 35. A state in which the

tablet-type terminal 200 is held so that a short side of the
tablet-type terminal 200 faces the ground (see (a) of Fig. 35) is
referred to as a portrait orientation, and a state in which the
tablet—type terminal 200 is held so that a long side of the

tablet-type terminal 200 faces the ground (see (b) of Fig. 35) is
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referred to as a landscape orientation.

The gravity sensor 201 detects an orientation of the
tablet-type terminal 200 with respect to the gravity (ground).
The tablet-type terminal 200 is cohfigured to be capable of
controlling its functions, operations, etc. in accordance with
the orientation of the tablet-type terminal 200 with respect to
the gravity thus detected by the gravity sensor 201.

It is well known that not only tablet-type terminals
including a gravity sensor but also any electronic devices
including a gravity sensor can be controlled in accordance
with orientations of the electronic devices. For example, the
tablet-type terminal 200 can be controlled to display an image .
so that an orientation of the image in the portrait orientation
(see (a) of Fig. 35) is different -frorn that in the landscape
orientation (see (b) of Fig. 33).

In a case where the tablet-type terminal 200 is held in
the portrait orientation, hands (objects) 203 holding the
tablet-type terminal 200 are generally located on portions of
the frame 202 which constitute the long sides of the
tablet-type terminal 200 (see (a) of Fig. 35). As such, it is likely
that the hands 203 unintentionally make contact with
portions of the touch panel 11 that are in the vicinity of the
hands 203.

In view of this, in a case where the tablet-type terminal

200 is held in the portrait orientation, only regions of the
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touch panel 11 that are in the vicinity of the portions of the
frame 202 which constitute the long sides of the tablet-type
terminal 200 are set as regions in which the touch invalidating
section 19 functions. Specific examples of such regions in
which the touch ‘invalidating section 19 functions are regions
204.

Meanwhile, in a case where the tablet-type terminal 200
is held in the landscape orientation, the hands 203 holding
the tablet-type terminal 200 are generally located on portions
of ‘the frame 202 which constitute the short sides of the
téblet—type terminél 200 (see (b) of Fig. 35). As such, it is likely
that the hands 203 unintentionally make contact with
portions of the touch panel 11 that are in the vicinity of the
hands 203.

In view of this, in a case where the tablet-type terminal
200 is held_in the landscape orientation, only regions of the
touch panel 11 that are‘in the Viqinity of the portions of the
frame 202 which constitute the short sides of the tablet-type
termiﬁal 200 are sef as regions in which the touch invalidating
section 19 functions. Specific examples of such regions in
which the touch invalidating section 19 functions are regions
205.

In the tablet-type terminal 200, there are cases where it
is desired that an instruction correéponding to a long touch on

a specific point of the touch panel 11 (so-called “press and
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hol‘d”) be executed. It is not preferable that a region of the
touch panel 11 in which region such a long ‘touch is expected
to be made be set as the region in which the touch invalidating
section 19 functions. According to the above arrangement, it is
possible to achieve both of (i) execution of such an instruction
corresponding to a long touch on a specific point of the touch
panel 11 and (ii) invalidation of a touch by the touch
invalidating sec‘;ion 19.

Further, in the tablet-type terminal 200, there are cases
where a region preferable as the region in which the touch
invalidating section 19 functions should be changed in
accordance with the orientation of the tablet-type terminal
200. By changing such a region in accordance with a result of
detection of the orientation of the tablet-type terminal 200
with respect to the gravity, the touch invalidating section 19
can be caused to function in a manner according to a change of
the orientation of the tablet-type terminal 200.

The above description has dealt with an example in
which (i) the gravity sensor 201 for detecting an orientation of
the tablet-type terminal 200 with respect to the gravity is
provided in the tablet-type terminal 200 and (ii) a region in
which the touch invalidating section 19 functions is changed
in accordance with the orientation of the tablet-type terminal
200 detected by the gravity sensor 201. Note, however, that

such a region in which the touch invalidating section 19
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functions may be a predetermined fixed region.

For example, it is possible that a region of the touch
panel 11 with which region the hands 203 holding the
tablet-type terminal 200 are expected to be likely to make
contact be set in advance as the region in which the touch
invalidating section 19 functions. Alternatively, it is also
possible that the whole of portions of the touch panel 11 that
are in the vicinity of the frame 202 be set as the region in
which the touch invalidatihg section 19 functions. In this way,
the re.gion in which the touch invalidating section 19 functions
can be set without the need for the control operation according
to a result of detection by the gravity sensor 201.

The present invention can also be expressed as below:

[1] A touch panel system including: a touch panel

including a plurality of sensors; and a touch panel controller

for receiving signals from the sensors so as to read data, the
plurality of sensors including (i) a main sensor for inputting a
signal in response to a touch operation performed' by a user
and (ii) a sub sensor providéd on a surface of the touch panel
on which surface the main sensor is provided, and the touch
panel controller including subtracting means for (i) receiving a
signal supplied from the main sensor and a signal supplied
from the sub sensor and (ii) subtracting, from the sigﬁal
supplied from the main sensor, the signal supplied from the

sub sensor.
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[2] The touch panel system described in [1], wherein the
sub sensor is not touched by the user in the touch operation,
and detects a noise generated in the sensor.

[3] The touch panel system described in [1] or [2],
wherein the main sensor and the sub sensor are provided so as
to be adjacent to each other.

[4] A touch panel system including: a display device; a
touch panel which is provided on an upper section or the like
of a display screen of the display device and which includes a
plurality of sensor groups including sensors arranged in a
matrix; and a touch panel controller for receiving signals from
the sensor groups so as to read data, the sensor groups
including (i) a main sensor group for inputting a signal in
response to a touch operation performed by a user and (ii) a
sub sensor group provided on a surface of the touch panel on
which surface the main sensor group is provided, and the
touch panel controller including subtracting means for (1)
receiving a signal supplied from the main sensor group and a

signal supplied from the sub sensor group and (ii) subtracting,

from the signal supplied from the main sensor group, the

signal supplied from the sub sensor group.

[S] The touch panel system described in [4], wherein the
sub sensor group is not touched by the user in the touch
operation, and detects a noise generated in the sensor group.

[6] The touch panel system described in [4] or [5],
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wherein the main sensor group and the sub sensor group are
prévided so as to be adjacent to each other.

[7] The touch panel .system described in any of [1]
through [6], wherein the display device is a liquid crystal
display, a plasma display, an organic electroluminescence
display, or a field emission display.

[8] An electronic device including a touch panel system
described in any of [1] through [7].

According to each of the above configurations, the touch
panel includes the main sensor section for detecting a touch
operation and the sub sensor section for detecting a noise, and
a difference between a signal of the main sensor section and a
signal of the sub sensor section is found by the subtracting
section. This removes a noise signal from the output signal
which is supplied from the main sensor section, thereby

extracting a signal derived from the touch operation itself,

which signal is generated in response to the touch operation.

Therefore, it is possible to reliably remove (cancel) a wide
variety of noise‘s reflected in the touch panel; Thus, a noise
component which is the subject of removal is not limited to an
AC signal corriponent in a signal including noises, but is all -
noise components reflected in the touch panel. Namely, it is
possible to provide a £ouch panel system and an electronic
device each of which is capable of canceling basically all noise

components.
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Also, the present invention can be described as below:

Preferably, the touch panel system of any of the
embodiments of the present invention is configured such that:
the main sensor section is provided with a plurality of sense
lines; the sub sensor section is provided with a sub sense line
extending along a direction in which the sense lines extend;
the subtracti-ng section finds a first difference which is
expressed by (Sn+1) - Sn, the first difference corresponding to
a difference between (i) a signal of a sense line Sn which is
selected from the plurality of sense lines and (ii) a signal of a
sense line Sn+1, which is one of two sense liﬁes adjacent to the
sense line Sn, the two Sense lines being the sense line Sn+1
and a sense line Sn-1 each of which is included in the plurality
of sense lines; the subtracting section finds a second
difference which is expressed by Sn - (Sn-1), the second
difference corresponding to a difference between (i) the signal
of the sense line Sn and (ii) a signal of the sense line Sn-1,
which is the other one of the two sense lines; the subtracting
section finds a third difference, the thifd difference
corresponding to a difference between (i) a signal of the sub
sense line and (ii) a signal of a sense line adjacent to the sub
sense line which sense line is included in the plurality of sense
lines; and the touch panel controller includes an adding
section for adding up the first differenc¢, the seéond difference,

and the third difference.
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According to the above configuration, the subtracting
section obtains a difference signal value between sense lines
adjacent to each other._ Namely, a difference is found betweéﬁ
the adjacent sense lines, which have a higher correlation in
terms of noise. Furthermore, from an output signal supplied
from each sense line, a signal (noise signal) of the sub sense
line is removed. This makes it possible to remove a noise more
reliably.

The touch panel system of any of the embodiments of the
present invention may be configured to include: drive lines
provided so as to intersect the sense lines and the sub sense
line; a drive line driving circuit for driving the drive lines by
use of orthogonal sequences or M sequences; capacitances
being formed (i) between the sense lines and the drive lines
and (i) between the sub sense line and the drive lines; and a
calculation section for finding capacitance values of the
respective capacitances by (i) reading output signals from the
sense lines and the sub sense line and by (ii) finding inner
products of the output signals and the orthogonal sequences
or the M sequences for driving the drive lines in parallel.-

According to the above configuration, the touch panel is
driven by the orthogonal sequence driving method.
Consequently, a signal of the capacitance is multiplied by a
code length (i.e., multiplied by N). Therefore, a signal strength

of the capacitance is increased, regardless of the number of
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drive lines. Further, provided that a necessary signal strength
is merely equal to that of the conventional method, it is
possible to reduce the number of times that the drive lines
should be driven, thereby enabling to reduce electric power
consumption.

The touch panel system of any of the embodiments of the
present invention may be configured such that: the
subtracting section includes a first analog-to-digital

converting section for converting, into digital signals, analog

" signals supplied from the sense lines and the sub sense line to

the subtracting section; and the subtracting section uses, in
order to find the first difference, the second difference, and
the third difference, the digital signals obtained by the first
analog-to-digital converting section. |

According to the above configuration, it is possible to
remove a noise by (ii) converting, into digital signals, analog
signals outputted by the touch panel, and thereafter by (ii)
performing subtracting operations.

The touch panel system of any of the embodiments of the
present invenfion may be configured such that: the
subtracting section includes a second analog-to-digital
converting section for converting, into digital signals, analog
signals supplied from the sense lines and the sub sense line to
the subtracting section; and the second analog-to-digital

converting section converts, into a digital signal, each of the



10

15

20

25

WO 2012/176639 PCT/JP2012/064858

- 124 -
first difference, the second difference, and the third difference
that are found by the subtracting section with use of the
analog signals.

According to the above configuration, it is possible to
remove a noise by (i) performing subtracting operations on
analog signals outputted by the touch panel, without
converting the analog signals into digital signais, and
thereafter by (i1) converting the resulting signal into a digital
signal. |

Preferably, the touch panel system of any of the
embodiments of the present invention is configured such that:
the subtracting section includes a total differential amplifier
for finding the first difference, the second difference, and the
third difference with use of the analog signals.

According to the above configuration, it is possible to
remove a noise by (i) causing the total differential amplifier to
perform subtracting operations on analog signals without
converting the analog signals into digital signals which analog
signals are outputted by the touch panel, and thereafter by (ii)
converting the resulting signal into a digital signal. | |

Preferably, the touch panel system of any of the
embodiments of the present invention is configured such that:
the total differential amplifjer has an input common-mode
voltage range Whigh is rail tb fail. |

The above configuration includes the total differential
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amplifier capable of rail-to-rail 6peration. Therefore, the total
differential amplifier is operable in a voltage range from a
power source voltage (Vdd) to GND. Accordingly, an output
signal from the total differential amplifier is free from a
problem of output saturation.

Preferably, the touch panel system of any of the
embodiments of the present invention is configured such that:
the adding section adds the first difference, the second
difference, and the third difference in such a manner that
individual adding operations are carried out in the order of
increasing distance between a sense line involved in a certain
adding operation and the sub-sense line, and the adding
section uses a result of one adding operation in a next adding
operation.

According to the above configuration, the adding section
sequentially perfor.ms adding operations in the order | of
increasing distance between a sense line involved in a certain
adding operation and the-sub-sense line, while utilizing the
results of the adding operations. This makes it possible to
increase a speed at Which an adding operation is performed.

The touch panel system of any of the embodiments of the
present invention may be configured suph that: the sub sensor
section is configured not to detect a touch operation
performed with respect to the touch panel.

According to the above configuration, since a signal
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generated by a touch operation is not detected by the sub
sensor section, an output signal from the sub sensor section
does not include the signal generated by the touch operation.
This prevents a cas‘e where the signal value derived from the
touch operation is reduced by the subtracting operation
performed by the subtracting section. Namely, a noise
component is removed without reducing the signal detected by
the main sensor section, which signal is generated in responée
to the touch operation. This makes it possible to further
enhance detection sensitivity for a touch operation.

The touch panel system of any of the embodiments of the
present invention may be configured such that: the subb sensor
section is provided in a region of the touch panel in which
region no touch operation is performed.

According to the above configuration, the sub sensor
section is provided so as not to be positioned in a region
(touched region) where a user performs a touch operation.
Therefore, on the sub sensor section, the user would not
perform a touch operation. Accordingly, although the sub
sensor section detects a noise reflected in the touch.panel, the
sub sensor section does not detect a signal generated by a
touch operation. This can reliably prevent the sub sensor
section from detecting a touch operation.

Namely, since the above configuratiqn does not allow

the sub sensor section to detect a signal generated by a touch
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operation, an output signal supplied from the sub sensor
section does not include the signal generated by the touch
operation. This prevents a case where the signal value derived
from the t‘ouch operation is reduced by the subtracting
operation performed by the subtracting section. Namely‘,.a
noise component is removed without reducing the signal
geherated by the touch operation and detected by the main
sensor section. This makes it possible to further enhance
detection sensitivity for a touch operation.

Preferably, the touch panel system of any of the
embodiments of the present invention is configured such that:
the main sensor section and the sub sensor section are
provided so as to be adjacent to each other.

According to the above configuration, the main sensor
section and the sub sensor section are arranged so that a
distance therebetween is shortest. Namely, the main sensor
section and the sub sensor section are provided under
substantially the same condition. Therefore, a value of a noise
signal included in an output signal from the sub sensor
section can be regarded as being the same as that of a noise
signal included in an output signal from the main sensor
section. This can more reliably remove, by the subtracting
operation performed by the subtracting section, a noise
component reflected in the touch panel. This makes it possible

to further enhance detection seﬁsitivity for a touch operation.
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The touch panel system of any of the embodiments of the

present invention may be configured such that: the main

sensor section is made of one main sensor.

According to the above configuration, the main sensor
section is made of a single main sensor. This can providé a
touch panel system capable of determining the presence or
absence of a touch operation.

The touch panel system of any of the embodiments of the
present invention may be configured such that: the main
sensor sectipn is made of a plurality of main sensors arranged
in a matrix.

According to the above configuration, the main sensor
section is made of a plurality of main sensors arranged in a
matrix. This can provide a touch panel system capable of
determining (i) the presence or absence of a touch operation
and (ii) a touched position.

Preferably, the touch panel system of any of the
embodiments 'of the present invention is configured so as to
include: drive lines provided sd as to intersect the sense lines;
a drive line driving circuit for driving the drive lines in
parallel; capacitances being formed between the sense lines
and the drive lines; and a decoding section for decoding values
of differences between the capacitances in a dir¢ction in which
each of the drive lines extends which differences are found by

the subtracting section as the differences in signal between
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fhe respective pairs of the sense lines adjacent to each other,
based on oﬁ.tput signals that the subtracting section receives
from the sense lines.

According to the above configuration, the touch panel is
parallel driven, and the decoding section decodes the
difference values of the capacitances which difference values
are found by the subtracting section. Consequently, signals of
the capacitances are multiplied by a code length (i.e.,
multiplied by N). Therefore, signal strengths of the
capacitancés are increased, regardless of the number of drive
lines. Further, provided that necessary signal strengths are
merely equal to those of a conventional method, it is possible
to reduce the number of times that the drive lines should be
driven. This makes it possible to reduce electric power
consumption.

The touch panel system of any of the embodiments of the
present invention may be configured such that: the
subtracting section includes a third analog-to-digital
converter for converting, into digital signals, analog signals
supplied from the sense lines to the subtracting section; and
the subtracting section uses, in order to find the differences in
signal between the respective pairs of the sense lines adjacent
to each other, the digital signals obtained by the third
analog-to-digital converting section.

According to the above configuration, it is possible to
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remove a noise by (ii) converting, into digital signals, analog
signals outputted by the touch panel, and thereafter by (ii)
performing subtracting operations.

The touch panel system of any of the embodiments of the
present invention may be configured such that: the
subtracting section includes a fourth analog-to-digital
converter for converting, into digital signals, analog signals
supplied from the sense lines to the subtracting section; and
the fourth analog-to-digital converting section converts, into
digital signals, the differences in signal between the respective
pairs of the sense lines adjacent to each other, the differences
being found by the subtracting séction with use of the analog
signals.

According to the above configuration, it is possible to
remove a noise by (i) performing subtracting operations on
analog signals outputted by the touch panel, without
converting the analog signals into digital signals, and
thereafter by (ii) converting the r‘esulting signal into a digital
signal.

The touch_panel system of any of the embodiments of the
present invention may be configured such that: the
subtracting section includes a total differential amplifier for
finding, with use of the analog sigﬁals, the differences in
signal between the respective pairs of the sense lines adjacent

to each other.
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According to the above configuration, it is possible to
remove a noise by (i) causing the total differential amplifier to
perform subtracting operations on analog signals without
converting the analog signals into digital signals which analog
signals are outputted by the touch panel, and thereafter by (ii)
converting the resulting signal into a digital signal.

The touch panel system of any of the embodiments of the
present invention may be configured so as to include: a
non-touch operation information storage section for storing a
first distribution of differences between the capacitances
which differences are decoded by the decoding section when
no touch operation is performed; and a calibration section for
subtracting (i) the first distribution stored in the non-touch
operation information storage section from (ii) a second
distribution of differences between the capacitances which
differences are decoded by the decoding section when a touch
operation is performed, so as to calibrate the second
distribution.

According to the above configuration, the non-touch
operation information storage section stores the first
distribution of the differences between the capacitances which
differences are decoded by the decoding section when no touch
operation is performed. Further, the calibration section
subtracts (i) the first distribution ‘stored in the non-touch

operation information storage section from (ii) the second
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distribution of the differences between the capécitances which
differences are found when a touch operation is performed.
Namely, the calibration section performs the following
calculation: (the second distribution of the differences
Between the capacitances which differences are found when
the touch operation is performed) - (the first distribution of
the differences between the capacitances which differences
are found when no touch operation is performed). This can
cancel an offset inherent in the touch panel.

Preferably, the touch panel system 6f any of the
embodiments of the present invention is configured so as to
include: v'a judging section for determining the presence or
absence of a touch operation based on a comparison of (i) the
differences in signal between the respective pairs of the sense
lines adjacent to each other which differences are found by the
subtracting sectioh and (ii) positive and negative threshold
values.

According to the above configuration, the judging

section determines the presence or absence of a touch

operation based on the differences in signal between the
respeqtive pairs the sense lines adjacent to each other from
which differences a noise signal has been removevd. This makes
it possible to accurately determine the presence or absence. of
the touch operation.

Preferably, the touch panel system of any of the
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embodiments of the present invention is configured such that:
the judging section creates, based on the comparison of (i) the
differences in signal between the respective pairs of the sense
lines adjacent to each other which differences are found by the
subtracting section and (ii) the positive and negative threshold
values, an increase and decrease table which indicates, in
ternary, a distribution of differences between signals of the
sense lines, and the judging section converts the increase and
decrease table into a binary image, so as to extract touch
information therefrom.

According to the above configuration, the differences in
signal between the respective pairs of the sense lines adjacent
to each other from which differences a noise signal has been
removed are inputted to the judging section. Based on the
comparison of (i) the differences in signal between the
respective pairs of the sense lines adjacent to each other and
(ii) the positive and negative threshold values stored in the
judging section, the judging section creates the increase and
decrease table indicating, in ternary, the distribution of the
differences in signal between the respective pairs of the sense
lines adjacent to each other. Further, the judging section
binarizes the increase and decrease table, so that the increase
and decrease table is Convértéd into the binary iinage.
Consequently, from the binary image thus converted,

candidates of a touched position are extracted. Thus, by
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recognizing the touch information (the size, position, etc. of
the touch) based on the binary image, it is possible not only to
determine the presence or absence of the touch operation but
also to recognize the touch information more accurately.

Preferably, the touch panel system of any of the
embodiments of the present invention is configured to further
include a display device, the touch panelibeing provided to a
front surface of the display device.

According to the above configuration, since the touch
panel is provided on the front surface of the display device, it
is possible to reliably remove a noise generated in the display
device.

Preferably, the touch panel system of any of the
embodiments of the present invention is configured such that:
the display device is a liquid crystal display, a plasma display,
an organic -electroluminescence display, or a field emission
display.

According to the above configuration, the display device
is made of any of various kinds of displays used in
generally-used electronic devices. Therefore, it is possible to
provide a touch panel system having a great versatility.

A touch panel system of the present invention includes a
touch invalidating section which, in a case where a specific
point of a touch panel is continuously touched for a

predetermined period of time, invalidates an instruction that



10

15

20

25

WO 2012/176639 PCT/JP2012/064858

- 135 -
is given, in accordance with the touch, to an electronic device
including the touch panel.

According to the above configuration, in a case where a
specific point of the touch panel is continuously touched for a
predetermihed period of time, the touch invalidating section
invalidates an instruction that is given, in accordance with the
touch, to the electronic device. Accordingly, in a case where an
unintended contact of an object with the touch pan'el
continues, such as a case where a hand holding the electronic
device makes contact with the touch panel, an instruction
corresponding to the contact is not executed. Cpnsequently, it
is possible to prevent an incorrect operation caused by an
unintended contact of an object with the touch panel.

Further, according to the above configuration, it is
unnecessary to change a standard by which presence or
absence of a touch is judged for the purpose of preventing
such an incorrect operation. It is therefore possible to
suppress a decline in sensitivity of detection of presence or
absence of a touch.

An electronic device of the present invention includes:
the touch panel syste‘m of the present invention; and a display
device corresponding to the touch panel, the touch panel
system and the display device being configured to be capable
of detecting simultaneous touches on a plurality of points of

the touch panel.
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"~ According to the above configuration, it is possible to
provide an electronic device that is capable of preventing an
incorrect operation caused by an unintended contact of an
object with a touch panel while suppressing a decline in
sensitivity of detection of presence or absence of a touch, as in
the touch panel system of the present invention.

As described above, the touch panel system of the
present invention includes a touch invalidating section which,
in a case where a specific point of a touch panel is
continuously touched for a predetermined period of time,
invalida‘tes an instruction thvét is given, in accordance with the
touch, to an electronic device including the touch panel.

This produces an effect that it is possible to prevent an
incorrect operation caused by an unintended contact of aﬁ
object with a touch panel while suppressing a decline in
sensitivity of detec.tion of presence or absence of a tOLlCi’l on
the tobuch panel.

The touch panel system of the present invention is
preferably arranged such that the touch invalidating section.
judges whether or not the touch cqntinues for a toﬁch time
threshold value which is a period of time corresponding to the
predetermined period of time.

Acc‘ording to the above configuration, it is possible to
judge, with a si_mple configuration, whether or ﬁot the point is

continuously touched for the predetermined period of time.
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Further, the touch panel system of the present
invention is preferably arranged such that, in a case where the
point is continuously touched for the predetermined period of
time, the touch invalidating‘section invalidates an instruction
corresponding to a next touch on the point.

~According to the above configuration, even in a case
where an unintended contact of an object with the touch panel
frequently occurs in a short time, it is possible to prevent an
incorrect operation, which can occur every time the contact is
made, by causing the touch invalidating section to function
just once.

Further, the touch panel system of the present
invention 1is preferably arranged such that the touch
invalidating section judges that the point is being touched, in
a case where a level of a signal indicative of a degree of contact
of an object with the point is not less than a touch threshold
value, which is a standard for the level, or in a case where the
level is above the touch threshold value, and the touch
invalidating section increases the touch threshold value in a
case where the point is continuously touched for the
predetermined period of time.

According to the above configuration, it is possible to
invalidate, with a simple configuration, an instruction
correqunding to a touch on the point for a certain period of

time.
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The electronic device of the present invention is
preferably arranged such that the touch invélidating section
functions only in a part of the touch panel.

According to the above configuration, only the part of
the touch panel can be set as a region in which the function of
the touch invalidating section is executed.

In the electronic dévice, there are cases where it is
desired that an instruction corresponding to a long touch on a
specific point of the touch panel (so-called “press and hold”)
be executed. It is not preferable that a region of the touch
panel in which region such a long touch is expected to be made
be set as the region .in which the function of the touch
invalidating section is executed. According to the above
configuration, it is possible to achieve both of (i) execution of
sucl'i an instruction corresponding to a long touch on a
specific point of the touch panel and (ii) invalidation of a touch
by .the touch invalidating section.

The electronic device of the present invention is
especially preferably arranged such that the part of the touch
panel is a region of the touch panel which region a hand
holding the electronic device makes contact with.

Further, the electronic device of the present invention is
preferably arranged so as to further include a gravity sensor
which detects an orientation of the electronic device with

respect to gravity, the touch invalidating section changing the
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part of the touch panel in accordance with a result of the
detection of the gravity sensor.

In the electronic device, there are cases where a region
preferable as the part of the touch panel should be changed in
accordance with an orientation of the electronic device.
According to the above configuration, the part of the region is
changed in accordance with a result of detection of an
orientation of the electronic device with respect to the gravity.
This allows the touch invalidating section to function in a
manner according to a change of the orientation of the
electronic device.

Further, the electronic device of the present invention is
preferably arranged such that the display device includes a
display screen on which an image is displayed, the display
device is any one of a liquid crystal display device, a plasma
display device, an organic EL (ElectroLuminescence) display
device, and a field emission display device, and fhe touch
panel is disposed so as to overlap the display screen of the
display device.

Further, the electronic device of the present invention is
preferably arranged such that the touch panel includes: a
plurality of drive lines that extend in a vertical direction and
that are parallel to each other; a plurality of sense lines that
extend in a horizontal direction and that are pérallel to each

other; and a plurality of electrostatic capacitors that are
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provided at respective intersections of the plurality of drive
lines and the plurality of sense lines.

In other words, the touch panel of the present invention
is preferably a capacitance type touch panel.

Further, the electronic device of the present invention is
a portable apparatus. Examples of the portable apparatus
encompass portable apparatuses such as smartphones,
tablet-type terminals, notebook computers, and the like.

The present invention is not limited to the description of
the embodiments above, but may be altered by a skilled person
within the scope of the claims. An embodiment based on a
proper combination of technical means disclosed in different
embodiments is encompassed in the technical scope of the
present invention. Namely, the embodiments above are just
examples in all respects, and provide no limitations. The scope
of the p.resent invention is indicated by the claims, rather than
by the descriptions of the embodiments. Any meanings
equivalent to the claims and all modifications made in the
scope of the claims are included within the scope of the

present invention.

Industrial Applicability
- The present invention is applicable to various kinds of
electronic devices including touch panels, for example, to

televisions, personal computers, mobile phones, digital
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cameras, portable game devices, electronic photo frames,
personal digital assistants, electronic books, home electronic
appliénces, ticket vending machines, automatic teller
machines, and car navigation systems.

The present invention is applicable to touch panel
systems and electronic devices. Specifically, the present
invention is applicable to portable electronic devices, such as
smartphones, tablet-type terminals, notebook computers,
digital cameras, and the like, which have a 20 inch or less
display screen, and to touch panel systems provided in the

electronic devices.

Reference Signs List

1 Touch panel system
la Touch panel system
1b Touch panel system
lc Touch panel system

1d Touch panel system

le Touch panel system
1f Touch panel system
lg Touch panel system

lh Touch panel system
11 Touch panel system
13 Touch panel system

1k Touch panel system
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3a
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3c

11
12
15
19
31
3la
31b
32
32a
32a
33
34
35
41

41a
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Touch panel system
Touch panel system
Touch panel system

Touch panel system

.Display device

Touch panel

Touch panel

Touch panel

Touch panel

Touch panel controller

Touch panel

Touch panel controller

Signal selecting section

Touch invalidating section

Main sensor (main sensor section)
Main sensor group (main sensor section)
Main sensor group (sensor section)
Sub sensor (sub sensor section)

Sub sensor group (sub sensor section)
Sub sensor group

Sense line

Sub sense line

Drive line

Subtracting section

Subtracting section
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46 Adding section
47 Electric charge integrator (calculation section)
48 Analog-to-digital converting  section (first

analog-to-digital converting section, second analog-to-digital
converting section)

48a Analog-to-digital converting section (third
analog-to-digital converting section, fourth analog-to-digital
converting section) |

49  Differential amplifier

50 = Total differential amplifier

58 Decoding section

59 Judging section

61 Non-touch operation information storage section
62 Calibration section
80 Electronic device

86 Screen display section (display device)
89 Touch panel

200 Tablet-type terminal (electronic dévice)
201 Gfavity sensor

204 Region

205 Region
T1 Time
T2 Time
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CLAIMS
Claim 1
A touch panel system comprising,
a touch panel; and
a touch panel controller for processing a signal supplied
from the touch panel,
the touch panel including (i) a main sensor section for
detecting a touch operation performed with respect to the
touch panel and (ii) a sub sensor section provided in a surface

of the touch panel in which surface the main sensor section is

~ provided,

the touch panel controller including a subtracting
section for (i) receiving a signal supplied from the main sensor
section and a signal supplied from the sub sensor section and
(1i) subtracting, from the signal supplied from the main sensor
section, the signal supplied f.rom the sub sensor section,

the main sensor section being provided with a plurality
6f sense lines,

the sub sensor section being provided with a sub sense
line extending along a direction in which the sense lines
extend,

the subtracting section finding a first difference which
is expressed by (Sn+1) - Sn, the first difference corresponding
to a difference between (i) a signal of a sense l.ine Sn which is

selected from the plurality of sense lines and (ii) a signal of a
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sense line Sn+1, which is one of two sense lines adjacent to the
sense line Sn,v the two sense lines being the sense line Sn+1
and a sense line Sn-1 each of which is included in the plurality
of sense lines,

the subtracting section finding a second difference
which 1s expressed by Sn - (Sn—l),.the second difference
corresponding to a difference between (i) the signal of the
sense line Sn and (ii) a signal of the sense line Sn-1, which is
the other one of the two sense lines,

the éubtracting section finding a third difference, the
third difference corresponding to a difference- between (i) a
signal of the sub sen’sé line and (ii) a signal of a sense line
adjacent to the sub sense line which sense line is included in
the plurality of sense lines,

the touch paﬁel controller including an adding section
for adding up vthe first difference, the second difference, and
the third difference,

the touch panel system further comprising a touch
invalidating section which, in a case where a specific point of
abtouch panel is continuously touched for a predetermined
period of time, invalidates an inétruction that is given, in
accordance with the touch, to an electronic device including
the touch panel,

the touch invalidating section judging whefher or not

the touch continues for a touch time threshold value which is
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a period of time corresponding to the predetermined period of
time, and
in a case where the point is continuously touched for
the predétermined period of time, the touch invélidating
section invalidating an instruction corresponding to a next

touch on the point.

Claim 2

The toﬁch panel system as set forth in claim 1, further
comprising:

drive lines provided so as to intersect the sense lines
and the sub sense line;

a drive line driving circuit for driving the dri\}e lines in
parallel by use of orthogonal sequences or M sequences;

capacitances being formed (i) between the sense lines
and the drive lines and (ii) between the sub sense line énd the
drive lines; and

a calculation sectioh for finding capacitance values of
the respective capacitances by (i) reading output signals from
the sense lines and the sub sense line and by (ii) finding inner
products of the output signals and the orthogonal sequences

or the M sequences for driving the drive lines in parallel.

Claim 3

The touch panel system as set forth in claim 1 or 2,
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wherein:

the subtracting section includes a first analog-to-digital
converting section for converting, into digital signals, analog
signals supplied from the sense lines and the sub sense line to
the subtracting section; and

the subtracting section useé, in order to find the first
difference, the second difference, and the third difference, the
digital signals obtained by the first analog-to-digital

converting section.

Claim 4

The touch panel system as set forth in claim 1 or 2,
wherein:

the subtracting section ~includes a second
analog-to-digital converting section for coﬂverting, into digital
signals, analog signals supplied from the sense lines and the
sub sense line to the subtracting section; and

the second analog-to-digital converting section converts,
into a digital signal, each of the first difference, the second
difference, and the third difference that are found by the

subtracting section with use of the analog signals.

Claim 5
The touch panel system as set forth in claim 4, wherein:

the subtracting section includes a total differential
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amplifier for finding the first difference, the second difference,

and the third difference with use of the analog signals.

Claim 6
The touch panel system as set forth in claim 5, wherein:
the total differential amplifier has an input

common-mode voltage range which is rail to rail.

Claim 7

The touch panel system as set forth in any one of claims
1 through 6, wherein:

the adding section adds the first difference, the second
difference, and the third difference in su_ch a manner that
individual adding operations are carried out in the order of
increasing distance between a sense line involved in a certain
adding operation and the sub-sense lin‘e, and the adding
section uses a result of one adding operation in a next adding

operation.

Claim 8

The touch panel system as set forth in any one of claims
1 through 7, wherein:

the sub sensor section is configured not to detect a

touch operation' performed with respect to the touch panel.
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Claim 9
The touch panel system as set forth in any one of claims

1 through 8, wherein:
the sub sensor section is provided in a region of the

touch panel in which region no touch operation is performed.

Claim 10

The touch panel system as set forth in any one of claims
1 through 9, wherein:

the main sensor section and the sub sensor section are

provided so as to be adjacent to each other.

Claim 11
The touch panel system as set forth in claim 1, wherein:
the main sensor section is made of a plurality of main

sensors arranged in a matrix.

Claim 12

The touch panel system as set forth in any one of claims
1 through 11, further comprising a display device,

the touch panel being provided to a front surface of the

display device.

Claim 13

The touch panel system as set forth in claim 12,
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wherein:
the display device is a liquid }crystal display, a plasma
display, an organic electroluminescence display, or a field

emission display.

Claim 14
An electronic device comprising a touch panel system as

set forth in any one of claims 1 through 13.

Claim 15

A touch panel system comprising,

a touch panel; and

a touch panel controller for processing a signal supplied
from the touch panel,

the touch panel including a sensor section, the sensor
section being provided with a plurality of sense lines and
detecting a touch operation performed with respect to the
touch panel,

the touch panel controller including a subtracting
section for (i) receiving signals from the sensor section and (ii)
finding differences in signal between, among the sense lines,
respective pairs of sense lines adjacent to each other,

the touch panel system further comprising:

drive lines provided so as to intersect the sense lines;

a drive line driving circuit for driving the drive lines in
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parallel; .and

capacitances being formed between the sense lines and
the drive lines,

the subtracting section receiving output signals from
the sense lines, and finding differences between the
capacitances on each of the drive lines in a direction in which
the each of the drive lines extends, the differences being found
as the differences in signal between the respective pairs of the
sense lines adjacent to each other,

the touch panel system further comprising:

a decoding section for decoding the lvalues of the

differences between the capacitances, which differences are

“found by the subtracting section, the decoding being carried

out in such a manner that an inner product of each of code
sequences for driving the drive lines in parallel and each of
difference output sequences of the sense lines, which
difference output sequences correspond to the code sequences,
is calculated; and

a switch for switching a signal to be supplied to the
subtracting section so that the subtracting section finds a
first difference which is expressed by (Sn+1) - Sn or a second
difference which is expressed by Sn - (Sn-1),

the first difference corresponding to a difference
between (i) a signal of a sense line Sn which is selected from

the plurality of sense lines and (ii) a signal of a sense line Sn+1,
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which is one of two sense lines adjacent to the sense line Sn,
the two sense lines being the sense line Sn+1 and a sense line
Sn-1 each of which is included in the plurality of sense lines,

the second diffe_rence corresponding to a difference
between (i) the signal of the sense line Sn and (ii) a signal of
the sense line Sn-1, which is the other one of the two sense
lines,

the touch panel system further comprising a touch
invalidating section which, in a case where a specific point of
a touch panel is continuously touched for a predetermined
period of time, invalidates an instruction that is given, in
accordance with the touch, to an electronic device including
the touch panel,

the touch inx}alidating section judging whether or not

the touch continues for a touch time threshbld value which is

a period of time corresponding to the predetermined period of

time, and

iri a case where the point is continuously touched for
the predetermined period of time, the touch invalidating
section invalidating an instruction corresponding to a next

touch on the point.

Claim 16
The touch panel system as set forth in claim 15,

wherein:
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the switch includes two terminals, the switch being
arranged such that one of the two terminals is selected;
the code sequences for driving the drive lines in parallel
are the following code sequences (a component is 1 or -1) for

driving the first drive line through the Mth drive line in

parallel,

d1 = (di1, di2, ... , din)

d2 = (d21, da2, ... , dan)

dm = (dm1, dm2, ... , dmn);

difference output sequences “Sjp (j = 1, ... , [L/2], P =
1,2) (L indicates the number of sense lines, [n] = an integer

part of n)” of the sense lines, which difference output
sequences correspond to thé code sequences, are defined as
follows,

Sj,1: an output sequence for di through dm when the
switches SW select one of the two terminals

Sj,2: an output sequence for di through dm when the
switches SW select the ofher one of the two terminals; and

the decoding section calculates an inner produét of each
of the code sequences for driving the drive lines in paraliel and
each of the difference output sequences of the sense line,

which difference output sequences correspond to the code
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sequences.

Cléim 17

The touch panel system as set forth in claim 15 or 16,
wherein:

the subtracting section includes a third
analog-to-digital converter for converting, into digital signals,
analog signals supplied from the sense lines to the subtracting
section; and

the ‘subtracting. section uses, in order to find the
differences in signal between the respective pairs of the sense
lines adjacent to each other, the digital signals obtained by

the third analog-to-digital converting section.

Claim 18

The touch panel system as set forth in claim 15 or 16,
wherein:

the subfracting section includes a fourth
analog-to-digital converter for converting, into digital sighals,
analog signals supplied from the sense lines to the subtracting
section; and

the fourth analog-to-digital converting section converts,
into digital signals, the differences in signal between the
respective pairs of the sense lines adjacent to each other, the

differences being found by the subtracting section with use of
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the analog signals.

Claim 19

The touch panel system as set forth in claim 17 or 18,
wherein:

the subtracting section includes a total differential
amplifier for finding, with use of the analog signals, the
differences in signal between the respective pairs of the sense

lines adjacent to each other.

Claim 20

The touch panel system as set forth in claim 15 or 16,
further comprising:

a non-touch operation information storage section for
storing a first distribution of differences between the
capacitances which differences are decoded by the decoding
section when no touch operation is performed; and

a calibration section for subtracting (i) the first
distribution stored in the non-touch operation information
storage section from (ii) a second distribution of differences
between the capacitances which d.ifferences are decoded by
the decoding section when a touch operation is performed, so

as to calibrate the second distribution.

Claim 21
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The touch panel system as set forth in any one of claims
18 through 20, further comprising:

a judging section for determining the presence or
absence of a touch operation based on a comparison of (i) the
differences in signal between the respective pairs of the sense
lines adjacent to each other which differences are found by the
subtracting section and (ii) positive and negative threshold

values.

Claim 22

The touch panel system as set fortvh in claim 21,
wherein:

the judging section creates, based on the comparison of
(1) the differences in signal between the respective pairs of the
sense lines adjacent to each other which differences are found
by the subtracting section and (ii) the positive and negative
threshold values, an. increase and decrease table which
indicates, in ternary, a distributioﬁ of differences between
signals of the sense lines, and the judging section éonverts the
increase and decrease table into a binary image, so as to

extract touch information therefrom.

Claim 23
A touch panel system comprising,

a touch panel; and
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a touch panel controller for processing a signal supplied
from the touch panel,

the touch panel including a sensor section, the sensor
section being provided with a plurality of sense lines and
detecting a touch operation performed with respect to the
touch panel,

the touch panel | controller including a subtracting
section for (i) receiving signals from the sensor section and (ii)
finding differences in signal between, among the sense lines,
respective pairs of sense lines adjacent to each other,

the touch panel system further comprising:

drive lines provided so as to intersect the sense 1ines;

a drive line driving circuit for driving the drive lines in
parallel; and

capacitances being formed between the sense lines and
the drive lines,

the subtracting section receiving output signals from
the sense lines, and finding differences between the
capacitances on each of the drive lines in a direction in which
the each of the drive lines extends, the differences being found
as the différences in signal between the respective pairs of the
sense lines adjacent to each other,

the touch panel system further comprising:

a | decoding scction for decoding the values of the

differences between the capacitances, which differences are
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found by the subtracting section, the decoding being carried
out in such a manner that an inner product of each of code
sequences for driving the drive lines in parallel and each of
difference output sequences of the sense lines, which
difference output sequences correspond to the code sequences,
1s calculated,

the touch panel system further comprising a touch
invalidating section which, in a case where a specific point of
a touch panel is continuously touched for a predetermined
period of time, invalidates an instruction that is given, in
accordance with the touch, to an electrolnic device including
the touch panel,

the touch invalidating section judging whether or not
the touch continues for a touch time threshold value which is
a period of time corresponding to the predetermined period of
time, and

in a case where the point is continuously touched for
the predetermined pefiod of time, the touch invalidating
section invalidating an instruction corresponding to a next

touch on the point.

Claim 24
The touch panel system as set forth in claim 23,
wherein:

the subtracting section finds a first difference which is
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expressed by (Sn+1) - Sn and a second difference which is
expressed by Sn - (Sn-1),

the first difference corresponding to a difference
between (i) a signal of a sense line Sn which is selected from
the plurality of sense lings and (ii) a signal of a sense line Sn+ 1..’
which is one of two sense lines adjacent to the sense line Sn,
the two sense lines being the sense line Sn+1 and a sense line
Sn-1 each of which is included in the plurality of sense lines,

the second difference corresponding to a difference
between (i) the signal of the sense line Sn and (ii) a signal of

the sense line Sn-1, which is the other one of the two sense

lines.

Claim 25

The touch panel system as set forth in claim 23,
wherein:

the code sequences are orthogonal sequences or M
sequences.

Claim 26

The touch panel system as set forth in any one of claims
15 through 25, further comprising:

a display device,

the touch panel being provided to a front surface of the

display device.
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Claim 27
The touch panel system as set forth in claim 26,
wherein:
) the display device is a liquid crystal display, a plasma
display, an organic electrolumir;escence display, or a field

emission display.

Claim 28
10 An electronic device comprising:

a touch panel system as set forth in any one of claims 15

through 27.
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FIG. 2

( START )
F201

SIGNALS ARE OUTPUTTED BY MAIN SENSOR
AND SUB SENSOR

FF202

SUBTRACTING SECTION EXECUTES
OPERATION: MAIN SENSOR SIGNAL
VALUE - SUB SENSOR SIGNAL VALUE

F203

OUTPUT TO COORDINATES DETECTING
SECTION

END
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FIG. 6

( STRT )
F501

SIGNALS ARE OUTPUTTED BY MAIN SENSOR
AND SUB SENSOR WHILE DRIVE LINES ARE
DRIVEN '

F502

SUBTRACTING SECTION EXECUTES
OPERATION: MAIN SENSOR SIGNAL
VALUE - SUB SENSOR SIGNAL VALUE

- F503

OUTPUT TO COORDINATES DETECTING
SECTION

END
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( START )

SIGNALS ARE OUTPUTTED BY SENSE/SUB SENSE LINES

FIG. 8

601

F602

LOWER TERMINALS ARE SELECTED BY SW

F603
r
DIFFERENCES BETWEEN ADJACENT ONES OF SENSE/SUB
SENSE ARRAYS (INCLUDING SUB SENSE LINE) ARE
FOUND BY SUBTRACTING SECTION

| - F604
DIFFERENCE VALUES ARE STORED IN STORAGE
SECTIONS
F605

UPPER TERMINALS ARE SELECTED BY SW

F606
DIFFERENCES BETWEEN ADJACENT ONES OF SENSE/SUB
SENSE ARRAYS (NOT INCLUDING SUB SENSE LINE)
ARE_FOUND BY SUBTRACTING SECTION

F607

DIFFERENCE VALUES AND VALUES STORED IN STORAGE
SECTIONS ARE ADDED UP BY ADDING SECTION

F608

OUTPUT TO COORDINATES DETEGCTING SECTION

END
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b /fkg 3 b +
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IF 1: OUTPUT +V
IF 0: GND

FIRST DRIVING:
SECOND DRIVING:

THIRD DRIVING:
FOURTH DRIVING:

1

0
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0

1

1

0 o0
0 0
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Vout MEASUREMENT RESULTS

FIRST DRIVING: X1 = G1+V/Cpy
SECOND DRIVING: X2 = G2-V/Cyyr

THIRD DRIVING: X3 = G3+V/Cyyr
FOURTH DRIVING: X4 = C4-V/Cyy;
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( START )

SIGNALS ARE OUTPUTTED BY SENSE LINES

FIG. 21

F701

F102

LOWER TERMINALS ARE SELECTED BY SW

F703

DIFFERENGES BETWEEN ADJACENT ONES OF SENSE
ARRAYS ARE FOUND BY SUBTRACTING SECTION

- F104
DIFFERENCE VALUES ARE STORED IN STORAGE
SECTIONS
~(F705

UPPER TERMINALS ARE SELEGTED BY SW

- F706

DIFFERENCES BETWEEN ADJAGENT ONES OF SENSE
ARRAYS ARE FOUND BY SUBTRAGTING SECTION

[ F07

OUTPUT TO COORDINATES DETECTING SECTION

END
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