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INPUT DEVICE USING DETECTION OF
BOTH CAPACITANCE AND PRESSURE, AND
CAPACITANCE-SYSTEM HYBRID TOUCH
PANEL EQUIPPED WITH
PRESSURE-SENSITIVE FUNCTION

TECHNICAL FIELD

[0001] The present invention relates to an input device for
operating a specific area displayed on a screen using input
means such as a finger, and particularly relates to an input
device which uses the detection of both a capacitance and a
pressure and also a capacitance-system hybrid touch panel
equipped with a pressure-sensitive function.

BACKGROUND ART

[0002] In recent years, a touch panel has been developed
and been provided in the market, as an input device that inputs
various kinds of information into electronic equipment by
operating a specific area displayed on a screen using input
means in which a conductor such as a finger and a noncon-
ductor such as a stylus are operated. As an input system used
in a touch panel, various systems such as a resistance film
system and a capacitance system are used. The resistance film
system detects a position operated by input means, by apply-
ing a voltage to one resistance film of resistance films (elec-
trodes) facing each other and by detecting a voltage change in
the other resistance film according to the position being oper-
ated (refer to Patent Literature 1, for example). The capaci-
tance system detects a position operated by input means by
detecting the change of a capacitance between the input
means and a conductive film or the change of a capacitance
between conductive films (electrodes), (refer to Patent Litera-
ture 2, for example). In the capacitance system, since position
detection is possible even in a state just before the input means
contacts the conductive film, there is also proposed a configu-
ration in which the capacitance system is used as a proximity
sensor in an input device of the resistance film system (refer
to Patent Literature 3, for example).

CITATION LIST

Patent Literatures

[0003] Patent Literature 1: Unexamined Japanese Patent
Publication No. 2008-152468;

[0004] Patent Literature 2: Unexamined Japanese Patent
Publication No. 2009-175784; and

[0005] Patent Literature 3: Unexamined Japanese Patent
Publication No. 2010-231565.
SUMMARY OF INVENTION
Technical Problem

[0006] In an input device in the electronic equipment of
recent years, inputting more information accurately and
quickly by a simple operation is becoming an important task,
irrespective of what kind of input means is used, for example,
whether a stylus or a finger is used as the input means, for a
specific area displayed on a screen. As a measure for achiev-
ing this task, there has been an idea in which a pressure
detecting element is used to detect a pressure force against a
screen being input means and in which the detection result
(pressure information) of the pressure detecting element is
employed as one of information. However, in order to use
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such a pressure detecting element for an input device in
electronic equipment, not only a special area for providing a
pressure detecting element is needed, but also it is necessary
to build a special circuit configuration.

[0007] An object of the present invention is to provide an
input device that can input a variety of information including
position information into electronic equipment by detecting a
capacitance, a resistance and a pressure with a simple circuit
configuration, and to realize a highly general-purpose input
device that can input a variety of information accurately and
quickly by operating simple input means.

Solution to Problem

[0008] An input device of a first aspect according to the
present invention comprises:

[0009] an input part including electrode parts which are
arranged with facing each other and with being electrically
connectable and one of which has an electrode to be an
operation object, and a pressure-sensitive layer which is dis-
posed between the electrode parts facing each other and an
electrical resistance of which changes according to a pressure
against the electrode part being the operation object by input
means of a conductor;

[0010] a charge/discharge waveform forming part which
includes a charge/discharge circuit having at least a constant
current source, a switching element, a capacitor and a resistor
and which forms a charge/discharge waveform by being con-
nected to the input part;

[0011] acharge/discharge waveform calculating part which
calculates an operation state, an operation position and an
operation pressure of the input means by detecting a change
of'a capacitance and of a pressure in the input part based on a
charge/discharge waveform formed by the charge/discharge
waveform forming part; and

[0012] an output part which outputs a signal showing the
operation state, the operation position and the operation pres-
sure of the input means calculated in the charge/discharge
waveform calculating part. The input device of the first aspect
of the present invention configured in this way can input the
information of an operation state, an operation position and
an operation pressure into electronic device by detecting the
change of a capacitance and a pressure with a simple circuit
configuration.

[0013] In an input device of a second aspect according to
the present invention, the input part of the first aspect men-
tioned above is configured to output a capacitance detection
signal, which shows a capacitance between the input means
and the electrode being the operation object, and a resistance
detection signal, which shows a resistance value between the
electrode parts electrically connected via the pressure-sensi-
tive layer, to the charge/discharge waveform forming part.
The input device of the second aspect of the present invention
configured in this way is configured such that the charge/
discharge waveform is formed by a capacitance detection
signal and a resistance detection signal, both of which are
detected signals, and such that the change of a capacitance
and a pressure appears in the charge/discharge waveform.
[0014] In an input device of a third aspect according to the
present invention, the charge/discharge waveform forming
part of the second aspect mentioned above is configured to be
connected to the input part at least at time of discharge of the
charge/discharge circuit, and to form the charge/discharge
waveform according to the capacitance detection signal and
the resistance detection signal. The input device of the third
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aspect of the present invention in this way is configured such
that the change of a capacitance and a pressure appears in a
waveform at the time of discharge in a charge/discharge
waveform, enabling the detection of an operation state, an
operation position and an operation pressure.

[0015] Inaninputdevice of a fourth aspect according to the
present invention, the charge/discharge waveform calculating
part of the third aspect mentioned above is configured to
calculate discharge time across a prescribed voltage in the
charge/discharge waveform formed by the charge/discharge
waveform forming part, and to detect the change of the
capacitance and of the pressure in the input part, and to form
the signal showing the operation state, the operation position
and the operation pressure of the input means in the electrode
part being the operation object. The input device of the fourth
aspect of the present invention configured in this way can
accurately detect an operation state, an operation position and
an operation pressure, by detecting the change of a capaci-
tance and a pressure, based on a waveform at the time of
discharge in a charge/discharge waveform.

[0016] In an input device of a fifth aspect according to the
present invention, the charge/discharge waveform forming
part of the second aspect mentioned above is configured to be
connected to the input part at least at time of charge of the
charge/discharge circuit, and to form the charge/discharge
waveform according to the capacitance detection signal and
the resistance detection signal. The input device of the fifth
aspect of the present invention configured in this way is
configured such that the change of a capacitance and a pres-
sure appears in a waveform at the time of charge in a charge/
discharge waveform, enabling the detection of an operation
state, an operation position and an operation pressure.
[0017] Inan input device of a sixth aspect according to the
present invention, the charge/discharge waveform calculating
part of the fifth aspect mentioned above is configured to
calculate charge time across the prescribed voltage in the
charge/discharge waveform formed by the charge/discharge
waveform forming part, and to detect the change of the
capacitance and of the pressure in the input part, and to form
the signal showing the operation state, the operation position
and the operation pressure of the input means in the electrode
part being the operation object. The input device of the sixth
aspect of the present invention configured in this way can
accurately detect an operation state, an operation position and
an operation pressure, by detecting the change of a capaci-
tance and a pressure, based on a waveform at the time of
charge in a charge/discharge waveform.

[0018] In an input device of a seventh aspect according to
the present invention, the charge/discharge waveform form-
ing part of the second aspect mentioned above is configured to
be connected to the input part at time of charge and discharge
of the charge/discharge circuit, and to form the charge/dis-
charge waveform according to the capacitance detection sig-
nal and the resistance detection signal. The input device of the
seventh aspect of the present invention configured in this way
is configured such that the change of a capacitance and a
pressure appears in a waveform at the time of charge and
discharge in a charge/discharge waveform, enabling the
detection of an operation state, an operation position and an
operation pressure.

[0019] In an input device of an eighth aspect according to
the present invention, the charge/discharge waveform calcu-
lating part of the seventh aspect mentioned above is config-
ured to calculate charge time and discharge time across a
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prescribed voltage in the charge/discharge waveform formed
by the charge/discharge waveform forming part, and to detect
the change of the capacitance and of the pressure in the input
part, and to form the signal showing the operation state, the
operation position and the operation pressure of the input
means in the electrode part being the operation object. The
input device of the eighth aspect of the present invention
configured in this way can accurately detect an operation
state, an operation position and an operation pressure, by
detecting the change of a capacitance and a pressure, based on
a waveform at the time of charge and discharge in a charge/
discharge waveform.

[0020] Inan input device of a ninth aspect according to the
present invention, the electrode part and the pressure-sensi-
tive layer of the first aspect to the eighth aspect mentioned
above are formed of an optically transparent material and are
configured such that operation can be performed through the
electrode part and the pressure-sensitive layer while visually
observing a screen of a display device on which the input
device is provided. The input device of the ninth aspect of the
present invention configured in this way can build a device
that has an excellent operability for the display device.
[0021] A hybrid touch panel as an input device of a tenth
aspect according to the present invention is a capacitance-
system hybrid touch panel equipped with a pressure-sensitive
function and comprises:

[0022] an input part which includes;

[0023] a first electrode part which has a plurality of first
electrode lines in parallel with each other and which is to
be an operation object by input means of a conductor;

[0024] a second electrode part opposing the first elec-
trode part and having a plurality of second electrode
lines which are orthogonal to the plurality of first elec-
trode lines and which are contactable and separable
arranged in a matrix shape with respect to the plurality of
first electrode lines;

[0025] a pressure-sensitive layer which is disposed
between the first electrode part and the second electrode
part as in the opposing manner and which is sandwiched
and fixed between the first electrode part and the second
electrode part by a pressure force of the input means
against the first electrode part, and an electrical resis-
tance value of which changes according to a pressure of
the sandwiching and the fixing,

[0026] a detection circuit which is configured such that the
input part is connected and such that a capacitance detection
signal showing a capacitance between the input means and
the first electrode part and a capacitance between the first
electrode part and the second electrode part and a resistance
detection signal showing an electrical resistance value
between the first electrode part and the second electrode part
which are electrically connected via the pressure-sensitive
layer are inputted from the input part and such that an opera-
tion state, an operation position and an operation pressure of
the input means are detected;

[0027] a first drive part having a plurality of switching
elements which perform contact and separation between each
of the plurality of first electrode lines and the detection cir-
cuit;

[0028] a second drive part having a plurality of switching
elements which perform contact and separation between each
of the plurality of second electrode lines and the detection
circuit; and
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[0029] a control part performing drive control of the first
drive control part and the second drive control part. The
hybrid touch panel of the tenth aspect according to the present
invention configured in this way can detect the change of a
capacitance and a pressure (resistance) with a simple circuit
configuration, and can accurately detect an operation state, an
operation position and an operation pressure, with a capaci-
tance detection signal and a resistance detection signal input-
ted from an input part into a detection circuit.

[0030] In a hybrid touch panel as an input device of an
eleventh aspect according to the present invention, the control
part of the tenth aspect mentioned above is configured such
that each predetermined number of neighboring electrode
lines among the plurality of first electrode lines put together
are defined as a first electrode line group and a plurality of first
electrode line groups is defined as a first detection electrode
and such that on-off control is performed for the switching
element corresponding to the first detection electrode in the
first drive part and such that drive control of the plurality of
first electrode line groups is performed and also drive control
of' the plurality of second electrode lines defined as a second
detection electrode is performed. The hybrid touch panel of
the eleventh aspect according to the present invention config-
ured in this way can accurately detect the change of a capaci-
tance and a pressure (resistance) and can output the informa-
tion of an operation state, an operation position and an
operation pressure.

[0031] In a hybrid touch panel as an input device of a
twelfth aspect according to the present invention, the control
part of the eleventh aspect mentioned above is configured
such that a plurality of selected second electrode lines
obtained by thinning the plurality of second electrode lines is
defined as the second detection electrode and such that on-off
control is performed for the switching element corresponding
to the second detection electrode in the second drive part and
such that drive control of the selected second electrode lines
is performed. The hybrid touch panel of the twelfth aspect
according to the present invention configured in this way can
accurately detect a capacitance with a simple circuit configu-
ration.

[0032] In a hybrid touch panel as an input device of a
thirteenth aspect according to the present invention, the con-
trol part of the eleventh aspect mentioned above is configured
such that each predetermined number of neighboring elec-
trode lines among the plurality of second electrode lines put
together are defined as a second electrode line group and a
plurality of second electrode line groups are defined as the
second detection electrode and such that on-off control is
performed for the switching element corresponding to the
second detection electrode in the second drive part and drive
control of the plurality of second electrode line groups is
performed. The hybrid touch panel of the thirteenth aspect
according to the present invention configured in this way can
accurately detect a capacitance with a simple circuit configu-
ration.

[0033] In a hybrid touch panel as an input device of a
fourteenth aspect according to the present invention, the
detection circuit of the tenth aspect to the thirteenth aspect
mentioned above includes:

[0034] a charge/discharge waveform forming part which
includes a charge/discharge circuit having at least a constant
current source, a switching element, a capacitor and a resistor

Aug. 7,2014

and which forms a charge/discharge waveform with the
capacitance detection signal and the resistance detection sig-
nal inputted; and

[0035] acharge/discharge waveform calculating part which
detects a change of the capacitance and of the pressure in the
capacitance detection signal and the resistance detection sig-
nal based on the charge/discharge waveform formed by the
charge/discharge waveform forming part and which calcu-
lates the operation state, the operation position and the opera-
tion pressure of the input means. The hybrid touch panel of
the fourteenth aspect according to the present invention con-
figured in this way can accurately detect an operation state, an
operation position and an operation pressure, by forming a
charge/discharge waveform based on the capacitance detec-
tion signal and the resistance detection signal from the input
part and by detecting the change of a capacitance and a
pressure.

[0036] In a hybrid touch panel as an input device of a
fifteenth aspect according to the present invention, the charge/
discharge waveform forming part of the fourteenth aspect
mentioned above is configured to be connected to the input
part at least at time of discharge of the charge/discharge
circuit, and to form the charge/discharge waveform according
to the capacitance detection signal and the resistance detec-
tion signal. The hybrid touch panel of the fifteenth aspect
according to the present invention configured in this way is
configured such that the change of a capacitance and a pres-
sure appears in a waveform at the time of discharge in a
charge/discharge waveform, enabling the detection of an
operation state, an operation position and an operation pres-
sure.

[0037] In a hybrid touch panel as an input device of a
sixteenth aspect according to the present invention, the
charge/discharge waveform calculating part of the fifteenth
aspect mentioned above is configured to calculate discharge
time across a prescribed voltage in the charge/discharge
waveform formed by the charge/discharge waveform forming
part, and to detect the change of the capacitance and of the
pressure in the input part, and to form the signal showing the
operation state, the operation position and the operation pres-
sure of the input means in the electrode part being the opera-
tion object. The hybrid touch panel of the sixteenth aspect
according to the present invention configured in this way can
accurately detect an operation state, an operation position and
an operation pressure, by detecting the change of a capaci-
tance and a pressure, based on a waveform at the time of
discharge in a charge/discharge waveform.

[0038] In a hybrid touch panel as an input device of a
seventeenth aspect according to the present invention, the
charge/discharge waveform forming part of the fourteenth
aspect mentioned above is configured to be connected to the
input part at least at time of charge of the charge/discharge
circuit, and to form the charge/discharge waveform according
to the capacitance detection signal and the resistance detec-
tion signal. The hybrid touch panel of the seventeenth aspect
according to the present invention configured in this way is
configured such that the change of a capacitance and a pres-
sure appears in a waveform at the time of charge in a charge/
discharge waveform, enabling the detection of an operation
state, an operation position and an operation pressure.
[0039] In a hybrid touch panel as an input device of an
eighteenth aspect according to the present invention, the
charge/discharge waveform calculating part of the seven-
teenth aspect mentioned above is configured to calculate the
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charge time across the prescribed voltage in the charge/dis-
charge waveform formed by the charge/discharge waveform
forming part, and to detect the change of the capacitance and
of'the pressure in the input part, and to form the signal show-
ing the operation state, the operation position and the opera-
tion pressure of the input means in the electrode part being the
operation object. The hybrid touch panel of the eighteenth
aspect according to the present invention configured in this
way can accurately detect an operation state, an operation
position and an operation pressure, by detecting the change of
acapacitance and a pressure, based on a waveform at the time
of charge in a charge/discharge waveform.

[0040] In a hybrid touch panel as an input device of a
nineteenth aspect according to the present invention, the
charge/discharge waveform forming part of the fourteenth
aspect mentioned above is configured to be connected to the
input part at time of charge and discharge of the charge/
discharge circuit, and to form the charge/discharge waveform
according to the capacitance detection signal and the resis-
tance detection signal. The hybrid touch panel of the nine-
teenth aspect according to the present invention configured in
this way is configured such that the change of a capacitance
and a pressure appears in a waveform at the time of charge and
discharge in a charge/discharge waveform, enabling the
detection of an operation state, an operation position and an
operation pressure.

[0041] In a hybrid touch panel as an input device of a
twentieth aspect according to the present invention, the
charge/discharge waveform calculating part of the nineteenth
aspect mentioned above is configured to calculate charge and
discharge time across the prescribed voltage in the charge/
discharge waveform formed by the charge/discharge wave-
form forming part, and to detect the change of the capacitance
and of the pressure in the input part, and to form the signal
showing the operation state, the operation position and the
operation pressure of the input means in the electrode part
being the operation object. The hybrid touch panel of the
twentieth aspect according to the present invention config-
ured in this way can accurately detect an operation state, an
operation position and an operation pressure, by detecting the
change of a capacitance and a pressure, based on a waveform
at the time of charge and discharge in a charge/discharge
waveform.

[0042] In a hybrid touch panel as an input device of a
twenty-first aspect according to the present invention, the
electrode part and the pressure-sensitive layer of the tenth
aspect to twentieth aspect mentioned above are formed of an
optically transparent material and are configured such that an
operation can be performed through the electrode part and the
pressure-sensitive layer while visually observing a screen of
a display device on which the hybrid touch panel is provided.
The hybrid touch panel of the twenty-first aspect according to
the present invention configured in this way can build a device
that has an excellent operability for a display device.

[0043] In a hybrid touch panel as an input device of a
twenty-second aspect according to the present invention, the
input part of the tenth aspect to twentieth aspect mentioned
above is formed on a film-like display device and is config-
ured such that an operation is performed through the display
device. The hybrid touch panel of the twenty-second aspect
according to the present invention configured in this way can
accurately detect an operation state, an operation position and
an operation pressure as a film-like display device, for
example, an organic ELL (OLED) input device.
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Advantageous Effects of Invention

[0044] According to the present invention, it is possible to
realize a highly general-purpose input device that can input a
variety of information accurately and quickly by operating
simple input means; it is possible to stably detect a capaci-
tance, a resistance and a pressure with a simple circuit con-
figuration, and it is also possible to input a lot of information
into electronic equipment based on each detected result.

BRIEF DESCRIPTION OF DRAWINGS

[0045] FIG. 1 is a schematic view illustrating a cross sec-
tional configuration of an input part in an input device of a first
embodiment according to the present invention.

[0046] FIG. 2isablock diagram illustrating a configuration
of the input device of the first embodiment according to the
present invention.

[0047] FIG. 3 is a diagram illustrating a circuit configura-
tion of a charge/discharge waveform forming part in the input
device ofthe first embodiment according to the present inven-
tion.

[0048] FIG. 4 is waveform diagrams in each element of the
charge/discharge waveform forming part in the input device
of the first embodiment according to the present invention.

[0049] FIG. 5 is a flow chart illustrating a detection
sequence for detecting a capacitance and a pressure in the
input device of the first embodiment according to the present
invention.

[0050] FIG. 6 is a schematic view of a cross sectional con-
figuration of an input part in a hybrid touch panel of a second
embodiment according to the present invention.

[0051] FIG. 7 is an explanatory drawing illustrating a
matrix configuration of the input part 1 and a configuration of
a switching element in the hybrid touch panel of the second
embodiment according to the present invention.

[0052] FIG. 8isablock diagram illustrating a configuration
of the hybrid touch panel of the second embodiment accord-
ing to the present invention.

[0053] FIG. 9 is a diagram illustrating a circuit configura-
tion of a charge/discharge waveform forming part in the
hybrid touch panel of the second embodiment according to
the present invention.

[0054] FIG. 10 is waveform diagrams in each element of
the charge/discharge waveform forming part in the hybrid
touch panel of the second embodiment according to the
present invention.

[0055] FIG. 11 is a flow chart illustrating a detection
sequence of each detection point for detecting a capacitance
and a pressure in the hybrid touch panel of the second
embodiment according to the present invention.

DESCRIPTION OF EMBODIMENTS

[0056] Embodiments according to the input device of the
present invention will be specifically described below with
reference to the accompanying drawings. The present inven-
tion is not limited to specific configurations described in the
embodiments below, but includes a scope constructed based
on technologies similar to technological ideas described in
the embodiments and common general technical knowledge
in this technical field.
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First Embodiment

[0057] FIG. 1 is a schematic view illustrating a cross sec-
tional configuration of an input part in an input device of a first
embodiment according to the present invention. The input
device of the first embodiment is a touch panel provided on a
portable electronic device, and is formed on a liquid crystal
screen of a display device. Description will be made using an
example in which this input device is formed of optically
transparent materials on the whole. Accordingly, the input
device of the first embodiment is configured such that the
input device can be operated for a specific area displayed on
the liquid crystal screen while visually observing, irrespec-
tive of what kind of input means is used, for example, whether
a stylus or a finger is used as the input means. In the first
embodiment, although a portable electronic device is
described as an example, the present invention is not limited
to a portable electronic device, but is applicable to a variety of
electronic equipment having an input device for use in inte-
gration with a display device.

[0058] InFIG. 1, an input part 1 in the input device of the
first embodiment includes: an upper electrode part 10 and a
lower electrode part 20 which are a pair of electrode parts
arranged with facing each other; a pressure-sensitive layer 5
provided between the upper electrode part 10 and the lower
electrode part 20; and an adhesion part 9 that fixes the upper
electrode part 10 to the lower electrode part 20 so that the
upper electrode part 10 can come in contacted with or sepa-
rate from the lower electrode part 20. Accordingly, when the
upper electrode part 10 is not pressurized (pressed downward
from above in FIG. 1), i.e. in a non-operation state, the upper
electrode part 10 is arranged so as to face the lower electrode
part 20, having a prescribed distance (gap) relative to the
lower electrode part 20. On the other hand, when the upper
electrode part 10 is pressurized, i.e. in a depression load state,
the upper electrode 10 is electrically connected to the lower
electrode 20 via the pressure-sensitive layer 5. Accordingly, it
is configured such that the upper electrode part 10 is flexible
enough to be contactable and separable relative to the lower
electrode part 20.

[0059] The upper electrode part 10, which is one electrode
part, is configured to have an upper film 2, which is an opera-
tion object face operated by input means, such as a finger, an
upper wiring pattern 3 and an upper detection electrode 4. The
lower electrode part 20, which is the other electrode part, is
configured to have a lower detection electrode 6, a lower
wiring pattern 7 and a lower film 8 fixed to the substrate (not
shown) of the display device. In the first embodiment,
although the description is made using an example in which
the pressure-sensitive layer 5 is formed on a face opposing the
upper detection electrode 4 in the lower detection electrode 6,
on the contrary, the heat-sensitive layer 5 may be formed on a
face opposing the lower detection electrode 6 in the upper
detection electrode 4, with the same effect obtained irrespec-
tive of a face on which the pressure-sensitive layer 5 is
formed.

[0060] In the input part 1 in the input device of the first
embodiment as configured above, by bringing a finger close
to the upper film 2, i.e. the operation object face, a change in
a capacitance arises in a capacitive coupling formed between
the finger and the upper electrode part 10. At this time, there
is also a capacitive coupling between the electrodes, with a
capacitance existing between the electrodes. By further
bringing the finger close to the upper film 2 and by pressing
the operation object face of the upper film 2, the upper detec-
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tion electrode 4 and the lower detection electrode 6 are elec-
trically connected via the pressure-sensitive layer 5. At this
time, the resistance value of the pressure-sensitive layer 5
changes according to a pressure force.

[0061] A composition composing the pressure-sensitive
layer 5 is made up of a conductive material, of which the
electrical properties, such as an electrical resistance value,
change according to an external force. With respect to the
composition of the pressure-sensitive layer 5, as the upper
electrode part 10 and the lower electrode part 20 contact with
each other and are pressurized, there flows a tunneling current
between conductive pressure-sensitive particles existing in
the inner part of the composition of the pressure-sensitive
layer 5, regardless of the presence of a direct contact, which
changes a state from an insulation state to an energized state.
That is, the pressure-sensitive layer 5 changes its electrical
resistance value according to a pressure force, and have a
characteristic that the electrical resistance value becomes
small as the pressure force becomes large. With respect to a
composition composing a pressure-sensitive layer having a
characteristic like this, said composition as a usable one
includes, for example, QTC inks, which are quantum tunnel-
ing composites available with a brand name “QTC” and
“QTC Clear” from Peratech L'TD. of Darlington in Britain,
etc.

[0062] The pressure-sensitive layer 5 of the input part 1 in
the first embodiment is formed through coating on a face
opposing the upper detection electrode 4 on the lower detec-
tion electrode 6. The pressure-sensitive layer 5 can be formed
using a printing method, such as screen printing, offset print-
ing, gravure printing or flexographic printing.

[0063] FIG. 2 is a block diagram illustrating the configura-
tion of the input device of the first embodiment. As mentioned
above, the input part 1 shown in FIG. 1 is configured to
combine capacitance detection 11 for detecting the change of
a capacitance in the input part 1 and resistance detection 12
for detecting the change of an electrical resistance value in the
input part 1. The input device of the first embodiment
includes: a charge/discharge waveform forming part 13
which forms a charge/discharge waveform (Va) using a
capacitance detection signal (Cd) by the capacitance detec-
tion 11 and a resistance detection signal (Rd) by the resistance
detection 12; a charge/discharge waveform calculating part
14 which detects the change of a capacitance and the change
of a resistance value (pressure change) in the input part 1
based on the charge/discharge waveform formed in the
charge/discharge waveform forming part 13 and which cal-
culates a finger motion (operation state), a finger position
(operation position) and a finger pressure force (operation
pressure) in an operation object face; an output part 15 which
outputs a signal showing the operation state, the operation
position and the operation pressure based on a signal from the
charge/discharge waveform calculating part 14 (see FIG. 2).
[0064] The charge/discharge waveform forming part 13 in
the input device of the first embodiment will be described
below. FIG. 3 is a diagram illustrating the circuit configura-
tion of the charge/discharge waveform forming part 13.
[0065] InFIG. 3, circuit elements which a variable capaci-
tance (Cx) and a variable resistance (Rx) show correspond to
a capacitance and a resistance detected in the capacitance
detection 11 and the resistance detection 12 of the input part
1 in the input device. Accordingly, the variable capacitance
(Cx) includes a capacitance between input means, e.g., a
finger and the upper electrode part 10, a capacitance between
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the upper electrode part 10 and the lower electrode part 20 and
a capacitance which a circuit in the input part 1 has, etc. The
variable resistance (Rx) includes an electrical resistance
between the upper electrode part 10 and the lower electrode
part 20 via the pressure-sensitive layer 5, and an electrical
resistance that the circuit in the input part 1 has, etc.

[0066] As showninFIG. 3, the charge/discharge waveform
forming part 13 is configured such that a capacitor C and the
input part 1 are charged with a current from a constant current
source 30 and discharge is performed in a resistor R and the
input part 1 by the switching action of switching elements
(SwA, SwB). The constant current source 30 is connected to
the capacitor C via a second switch B, and a first switch A is
provided between the capacitor C and the resistor R. The
capacitor C is connected to one input terminal of a comparator
31. A reference voltage (Vb) is inputted into the other input
terminal of the comparator 31. The comparator 31 is config-
ured to output a discharge end detection signal when the
discharge voltage of the capacitor C reaches the reference
voltage (VD).

[0067] The charge/discharge waveform forming part 13 in
the input device of the first embodiment has a charge/dis-
charge circuit composed of the constant current source 30, the
capacitor C, the resistor R and the two switching elements
(SwA, SwB). This charge/discharge circuit is configured such
that the input part 1 is connected to the charge/discharge
circuit into which the capacitance detection signal (Cd)
formed by the variable capacitance (Cx) and the resistance
detection signal (Rd) formed by the variable resistance (Rx)
are inputted.

[0068] In the circuit of the charge/discharge waveform
forming part 13 shown in FIG. 3, when the first switch A is in
an off-state and the second switch B is in an on-state, a current
from the constant current source 30 flows into the capacitor C
and the input part 1, and so electric charge corresponding to a
prescribed capacitance is charged in the capacitor C and the
input part 1 (charging action). In the first embodiment, a
control method is used where a charging action is ended by
judging that a prescribed amount of electric charge is charged
in the capacitor C and the input part 1 when charge time
reaches a definite period of time; but a circuit configuration
and a control method may be used where a charging action is
ended and a discharging action is started when it is detected
that the charge voltage (Va) of the capacitor C and the input
part 1 has reached a prescribed voltage (Vp).

[0069] When electric charge corresponding to the pre-
scribed capacitance is charged in the capacitor C and the input
part 1, a charging action is ended and a discharging action is
started. With respect to the discharging action, when the first
switch A is in an on-state and the second switch B is in an
off-state, the electric charge which has been charged in the
capacitor C and the input part 1 flows into the resistor R, and
so discharge is performed. At this time, since the circuit of the
charge/discharge waveform forming part 13 is connected to
the input part 1, a discharge state is to be affected by the
variable capacitance (Cx) and the variable resistance (Rx) in
the input part 1. When the prescribed voltage (reference volt-
age: Vb) is reached with the prescribed electric charge of the
capacitor C and the input part 1 discharged, the discharging
action is stopped and a charging action is started by an output
signal (discharge end detection signal) from the comparator
31.

[0070] FIG. 4 is waveform diagrams in each element in the
charge/discharge waveform forming part 13. In FIG. 4, the
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charge/discharge waveform Va shows a voltage waveform
inputted into the comparator 31 from the capacitor C and the
input part 1, and SwA and SwB show the on-off state of the
first switch A and the second switch B, respectively. The sign
“Out” in FIG. 4 shows the output signal (discharge end detec-
tion signal) from the comparator 31.

[0071] In FIG. 4, (a) is a waveform diagram in a state
(non-operation state) where the input device is not operated,
(b) is a waveform diagram in a state (proximity state) where a
finger, i.e. input means, is close to or in contact with the
operation object face of the input device, and (c) is a wave-
form diagram in a state (depression load state) where the
operation object face of the input device is depressed by the
finger and the upper detection electrode 4 and the lower
detection electrode 6 are electrically connected via the pres-
sure-sensitive layer 5.

[0072] As shown in (a) of FIG. 4, the capacitor C and the
input part 1 repeat a charging action and a discharging action
intermittently by turning on and off the first switch A and the
second switch B. Accordingly, the off-period (Ta) of the first
switch A is a predetermined period, and the on-period Tb of
the first switch A is almost the same period when a capaci-
tance change by the capacitance detection 11 of the input part
is minute, and so turning on and off is repeated at almost the
same interval in this period (Ta, Tb) in a non-operation state.
The first switch A performs a discharging action in which
on-off action is repeated intermittently in minute time in the
on-period (Tb) of the first switch A (a discharging action
period). Accordingly, the discharge waveform of discharge
occurring in the resistor R via the first switch A is a step-wise
waveform microscopically. With the on-off action in the
minute time in this first switch A counted, the detection of
discharge time is performed. The count of the on-off action of
this first switch A is detected in the charge/discharge wave-
form calculating part 14 (see FIG. 2), and so it is possible to
form operation state information, operation position informa-
tion and operation pressure information by using the change
of a count number.

[0073] The waveform diagram shown in (b) of FIG. 4 rep-
resents a state where a finger, i.e. input means, is close to or in
contact with the operation object face of the input device and
where the upper detection electrode 4 and the lower detection
electrode 6 are not in contact with each other. That is, this
represents a state where the finger is close to the operation
object face and where the finger and the upper electrode part
10 are capacitively coupled. At this time, there also exists a
capacitive coupling state between the upper electrode part 10
and the lower electrode part 20. As a result, in a state where
the finger is close to or in contact with the operation object
face, the variable capacitance (Cx) in the input part 1 (see
FIG. 3) has changed, compared with the non-operation state
shown in (a) of FIG. 4. Since the magnitude of a capacitance
is inversely proportional to a distance between the finger and
the upper electrode part 10 located on the operation object
face, the capacitance between the finger and the upper elec-
trode part 10 becomes large as the finger approaches the
operation object face. As a result, detection discharge time Td
in the charge/discharge waveform (Va) becomes longer by
time (Te), compared with a non-operation state shown in (a)
of FIG. 4. This detection discharge time (Td) is detected by
the count number of the on-off action of the minute time of the
first switch A. In this way, the operation state information and
the operation position information of the finger on the opera-
tion object face can be determined by the change of the
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detection discharge time (Td) based on the change of a
capacitance. In a proximity state shown in (b) of FIG. 4, the
variable resistance (Rx) shown in FIG. 3 is infinite, indicating
that a shut-off state is formed.

[0074] The waveform diagram shown in (c¢) of FIG. 4 rep-
resents a depression load state where the operation object face
of the input device is depressed by the finger and where the
upper detection electrode 4 and the lower detection electrode
6 are electrically connected via the pressure-sensitive layer 5.
As mentioned above, the pressure-sensitive layer 5 has a
characteristic that its electrical resistance value becomes
small according to the magnitude of a pressure when it is
pressurized. In the depression load state shown in (¢) of FIG.
4, there is no capacitive coupling state as seen in the case of
the proximity state shown in FIG. 4(b), and there is a stable
connected state between the finger, i.e. input means, and the
upper electrode part 10 of the operation object face, and
between the upper electrode part 10 and the lower electrode
part 20. Accordingly, in the depression load state shown in (c)
of FIG. 4, the variable capacitance (Cx) shown in FIG. 3
substantially becomes zero, and there appears a state where a
current flows into the variable resistance Rx. However, since
astray capacitance and the like exist in the circuit, the variable
capacitance Cx cannot be zero. As a result, charging may not
be performed up to the prescribed voltage (Vp) due to an
insufficient charging period in the period of charge time (Ta)
of the charge/discharge waveform (Va). With the influence
above and the influence of the increase of a discharge current,
the detection discharge time (Td) in the charge/discharge
waveform (Va) becomes shorter by time (Tn), compared with
the non-operation state shown in (a) of FIG. 4. In this way, the
operation state information of the finger on the operation
object face, the operation position information of the finger
on the operation object face and the operation pressure infor-
mation of the finger against the operation object face can be
determined by detecting the detection discharge time (Td)
from the change of an electrical resistance in the input part 1.
The depression load state includes a state where the upper
electrode part 10 and the lower electrode part 20 are merely
electrically in contact with each other.

[0075] FIG. 5 is a flow chart illustrating a detection
sequence for detecting a capacitance and a pressure in the
input device of the first embodiment.

[0076] First, with electric power supplied to the input
device, the detection sequence starts in the input device. In
step 1 (S1) in the detection sequence, a charge/discharge
waveform Va is formed in the charge/discharge waveform
forming part 13, as mentioned above. The detection discharge
time Td in the formed charge/discharge waveform is com-
pared with areference time (To). Here, the reference time (To)
is the discharge time Tb in a non-operation state (see (a) of
FIG. 4) in the input device, and is set using time measured at
the time of the non-operation state. In step 2 (S2), when the
detection discharge time (Td) is almost the same as the ref-
erence time (To), the present state is regarded as a non-
operation state and a return to step 1 (S1) is made.

[0077] In step 3 (S3), when the detection discharge time
(Td) is longer than the reference time (To) by a certain period
or more, the present state is regarded as a proximity state, and
a shift to a capacitance detection mode (S4) is made. On the
other hand, when the detection discharge time Td is shorter
than the reference time To by a certain period or more, the
present state is regarded as a depression load state, and a shift
to a resistance detection mode (S8) is made.
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[0078] Inthe capacitance detection mode (S4), capacitance
detection processing (S5) that detects the change of a capaci-
tance (C+Cx: see FIG. 3) is performed based on the detection
discharge time Td, and capacitance detection output (S6) is
performed based on the detected change of a capacitance.
That is, an operation state indicating whether or not the input
device has been operated is detected. After the capacitance
detection output (S6) is performed, whether or not the finger,
i.e. input means, is separated from the input device is detected
(release detection) in step 7 (S7). This release detection (S7)
is performed in step 2 (S2), by comparing the detection dis-
charge time (Td) and the reference time (To). When the detec-
tion discharge time (Td) is almost the same as the reference
time To, the release detection is performed, and the detection
sequence is completed. On the contrary, when the detection
discharge time (Td) differs from the reference period (To), a
return to step 3 (S3) is made, and a shift to the capacitance
detection mode (S4) or the resistance detection mode (S8) is
made.

[0079] Inthe resistance detection mode (S8), the change of
aresistance value (R*Rx/R+Rx: see FIG. 3) is detected based
on the detection discharge time Td, and coordinate calculat-
ing processing and pressure calculating processing (S9) are
performed. As an example of this coordinate calculating pro-
cessing, with one end of one of opposing electrodes con-
nected to the input terminal of a detection circuit 50 config-
ured by the charge/discharge waveform forming part 13 and
the charge/discharge waveform calculating part 14, and with
one end of the other electrode grounded, the resistance value
including the change of the pressure-sensitive layer 5 can be
measured. In this resistance value measurement, by modify-
ing the combination of a connection state how one end of an
electrode connected to the detection circuit 50 and one end of
the other electrode grounded are connected, it is possible to
detect a coordinate position (operation position) operated by
the finger, i.e. input means, in the electrode. Such switching
control is performed in a drive control part 60 (see FIG. 2).
The drive control part 60 is configured by a plurality of
switching elements, and performs the switching control of
each electrode in coordinate calculating processing and pres-
sure calculating processing. In the pressure calculating pro-
cessing, since the resistance value of the pressure-sensitive
layer 5 changes according to an extent to which the pressure-
sensitive layer 5 is pressurized, a pressure force (operation
pressure) is detected by detecting the change of a resistance
value in a specified coordinate position.

[0080] Instep 10 (S10), a signal showing the detected coor-
dinate position (operation position) and the detected pressure
force (operation pressure) is outputted to the control part (not
shown) of a portable electronic device on which the input
device is provided, and a shift to the release detection is made.
[0081] In the release detection in step 11 (S11), and in
manner similar to the manner in the release detection (S7) in
the capacitance detection mode mentioned above, the detec-
tion discharge time (Td) and the reference time (Vo) are
compared, and when the detection discharge time (Td) is
equal to the reference time (Vo), the release detection is
performed, and so the detection sequence is completed. On
the contrary, when the detection discharge time (Td) differs
from the reference time (Vo), a return to step 3 (S3) is made,
and a shift to the capacitance detection mode (S4) or the
resistance detection mode (S8) is made.

[0082] As mentioned above, the detection sequence in the
input device of the first embodiment is performed; each of a
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capacitance (operation state), a coordinate position (opera-
tion position) and a pressure force (operation pressure) is
detected; a signal showing each of the above is outputted to
the control part (not shown) of the portable electronic device
on which the input device is provided; thus, the portable
electronic device is controlled.

[0083] Intheinputdevice ofthe firstembodiment, although
description was made using an example in which a finger is
used as input means, the input means in the present invention
is not limited to a finger, but anything can be used when it is
a conductor.

[0084] Intheinputdevice ofthe firstembodiment, although
description was made using an example in which the capaci-
tance detection signal (Cd) detected by the capacitance detec-
tion 11 and a resistance detection signal (Rd) detected by the
resistance detection 12 in the input part 1 are used as a dis-
charge waveform at the time of discharge in the charge/dis-
charge waveform (Va), the present invention is not limited to
this configuration, but the capacitance detection signal (Cd)
and the resistance detection signal (Rd) which are detected by
the capacitance detection 11 and the resistance detection 12,
respectively, can also be used as a charge waveform at the
time of charge. By using the capacitance detection signal (Cd)
and the resistance detection signal (Rd) outputted from the
input part 1 at the time of charge, it is possible to detect that
the behavior of a charge waveform changes according to a
capacitance and a resistance value, and it is also possible to
detect each of a capacitance (operation state), a coordinate
position (operation position) and a pressure force (operation
pressure).

[0085] Furthermore, in the present invention, by using both
of a charge waveform at the time of charge and a discharge
waveform at the time of discharge in the charge/discharge
waveform (Va), it is also possible to detect each of a capaci-
tance (operation state), a coordinate position (operation posi-
tion) and a pressure force (operation pressure) with higher
accuracy. Also in this case, by using the capacitance detection
signal (Cd) detected by the capacitance detection 11 and the
resistance detection signal (Rd) detected by the resistance
detection 12 in the input part (1) described in the first embodi-
ment, a change appears in a charge waveform at the time of
charge and in a discharge waveform at the time of discharge
according to each of a capacitance (operation state), a coor-
dinate position (operation position) and a pressure force (op-
eration pressure), and this phenomenon can be used, enabling
highly accurate detection.

[0086] Since the input part 1 in the input device of the first
embodiment is provided on the liquid crystal screen of the
display device and is formed of optically transparent materi-
als on the whole, the input part is configured such that input is
performed by operating the operation object face of the input
part 1 by a finger, i.e. input means, while visually observing.
Accordingly, the upper film 2, the upper wiring pattern 3, the
upper detection electrode 4, the pressure-sensitive layer 5, the
lower detection electrode 6, the lower wiring pattern 7 and the
lower film 8 in the input part 1 are formed of optically trans-
parent materials. With respect to the configuration of the first
embodiment, although description was made on a configura-
tion where there exists air (index of refraction:1) in an internal
space (opposing area) of the input part 1 in which the upper
electrode part 10 and the lower electrode part 20 are arranged
with facing each other, a configuration including a solution
layer may be used in consideration of optical properties of the
upper electrode part 10 and the lower electrode part 20, etc. As
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a solution layer, it is preferable to use a substance which has
an index of refraction close to that of each material in the
structure of the upper electrode part 10 and the lower elec-
trode part 20, that is, a substance which has an index of
refraction same as that of air or larger and which has fluidity,
optical transparency, electrical insulation and heat resistance.
[0087] As a material of the upper film 2 and the lower film
8, amaterial usable for a flexible substrate can be used, which
includes general-purpose resin such as, for example, polyeth-
ylene terephthalate, polystyrene-based resin, polyolefin-
based resin, ABS resin, AS resin, acrylic resin or AN resin.
The thicknesses of the upper detection electrode 4 and the
lower detection electrode 6 are set at, for example, 5 um to 25
um. As a material of the upper detection electrode 4 and the
lower detection electrode 6, it is preferable to use a transpar-
ent electrically conducting material such as an ITO, a CNT
and an Ag wire ink. However, it is also possible to form the
upper detection electrode 4 and the lower detection electrode
6 using a paste with electrical conductivity, which includes
metal such as gold, silver, copper or nickel, or carbon. A
method for forming these includes a printing method such as
screen printing, offset printing, gravure printing, or flexo-
graphic printing, or a photoresist method, etc. The upper
detection electrode 4 and the lower detection electrode 6 can
also be formed by pasting a metal foil such as a copper foil or
a gold foil. Furthermore, the upper detection electrode 4 and
the lower detection electrode 6 can also be formed in a way
described as follows: an electrode pattern is formed with a
resist on an FPC (flexible circuit board) which is plated with
metal such as copper, and then a metal foil portion which is
not protected by the resist is processed by etching.

[0088] In order to secure the opposing area of the upper
electrode part 10 and the lower electrode part 20, an adhesive
agent 9 as a gap holding member is provided. The adhesive
agent 9 has adhesiveness that glues the upper film 2 and the
lower film 8 together and also serves as an insulating member
for holding a gap between the opposing faces of the upper
detection electrode 4 and the pressure-sensitive layer 5. As an
adhesive agent 9, a two-sided adhesive tape is included, for
example, in which an adhesive agent such as an acrylic bond-
ing paste is formed on both sides of a core material such as a
polyethylene terephthalate film. The thickness of the adhe-
sive agent 9 is set at, for example, 5 um to 20 um. The adhesive
agent 9 may include various adhesive agents such as a UV
curing resin and a heat curing resin, with a thickness set at 5
um to 20 pm.

[0089] As mentioned above, the input device of the first
embodiment according to the present invention can input
operation state information, operation position information
and operation pressure information into electronic equip-
ment, by detecting a capacitance, a resistance and a pressure
with a simple circuit configuration, irrespective of what kind
of'input means is used, for example, whether the input means
is a finger or a stylus; the input device is a highly general-
purpose input device that can input a variety of information
accurately and quickly by operating simple input means.

Second Embodiment

[0090] Embodiments according to a hybrid touch panel as
an input device according to the present invention will be
specifically described below with reference to the accompa-
nying drawings. The present invention is not limited to the
specific configuration of a hybrid touch panel described in a
second embodiment below, but includes a scope constructed
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based on technologies similar to technological ideas
described in the second embodiment and common general
technical knowledge in this technical field. The hybrid touch
panel in the present invention refers to one configured in the
following manner: by operating input means, for example, by
operating a finger or a stylus (including non-contact, contact
and pressing action), the hybrid touch panel can detect an
operation state, an operation position and an operation pres-
sure and can output the variety of information being detected.

[0091] Thehybrid touch panel as an input device according
to the present invention combines the configuration of a resis-
tance-film-system digital-type (multi-type) touch panel and
the configuration of capacitance-system self-type touch
panel; the capacitance-system hybrid touch panel equipped
with a pressure-sensitive function which has a configuration
capable of performing the pressure detection of a pressure
force of input means (finger) will be described as the second
embodiment below.

[0092] The configuration of the capacitance-system hybrid
touch panel equipped with a pressure-sensitive function
described in the second embodiment is an example as an input
device, and other configurations are included in the present
invention. As a capacitance-system touch panel, there is a
mutual-type touch panel in which a plurality of electrode
lines of a transmitting side and a plurality of electrode lines of
a receiving side are arranged in a matrix shape (mesh), and a
capacitance between each of the transmitting-side electrode
lines and each of the receiving-side electrode lines is
detected, and then, based on the detected results, the opera-
tion state (action state) and the operation position (coordinate
position) of the input means are detected. In the present
invention, it is also possible to build a capacitance-system
touch panel equipped with a pressure-sensitive function, by
replacing a detection method in the mutual-type touch panel
with a detection method in the self-type touch panel described
in the second embodiment. That is, by using a fact that a
capacitance changes according to the operation state (action
state) and the operation position (coordinate position) of the
input means and that, as a consequence, the behavior of a
charge/discharge waveform changes as mentioned below, itis
possible to detect the operation state (action state) and the
operation position (coordinate position).

[0093] In the general configuration of a resistance-film-
system digital-type touch panel, X-axis electrode lines for
detecting the position of an X-direction and Y-axis electrode
lines for detecting the position of a Y-direction are arranged in
a matrix shape (mesh). On the other hand, a general capaci-
tance-system self-type touch panel has X-axis electrode lines
for detecting the position of the X-direction and Y-axis elec-
trode lines for detecting the position of the Y-direction in a
manner similar to the manner in the configuration of the
digital-type touch panel, but each electrode line is configured
to have a certain width in order to improve detection sensi-
tivity for a capacitance. Accordingly, when the configuration
of the X-axis electrodes and the Y-axis electrodes in the
resistance-film-system digital-type touch panel is used for an
capacitance-system self-type touch panel without any modi-
fication, there arises a problem that the detection sensitivity
deteriorates, due to the narrow width of the electrode lines.
Since detection objects (a resistance and a capacitance)
detected by the X-axis electrodes and the Y-axis electrodes
are completely different from each other in the two configu-
rations, the circuit configurations of a detection circuit and a
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control circuit, etc. are greatly different from each other, and
so atouch panel could not be constructed even when these are
combined.

[0094] Inthe capacitance-system mutual-type touch panel,
in order to prevent deteriorated sensitivity due to mutual
interference and also to improve detection sensitivity, the
width of the receiving-side electrode lines is widen and the
width of the transmitting-side electrode lines is narrowed. In
the configuration of the resistance-film-system digital-type
touch panel, the width of the X-axis electrode lines and the
width of the Y-axis electrode lines are narrow and are equal to
each other, being a different configuration from that of the
mutual-type touch panel. Accordingly, when the configura-
tion of the capacitance-system mutual-type touch panel is
used for the resistance-film-system digital-type touch panel,
with deteriorated resolution and deteriorated accuracy in
detected coordinates accuracy anticipated, the two configu-
rations cannot be easily combined.

[0095] The present invention provides a configuration that
combines the configuration of the resistance-film-system
digital-type (multi-type) touch panel and the configuration of
the capacitance-system self-type touch panel, or provides a
configuration that combines the configuration of the resis-
tance-film-system digital-type (multi-type) touch panel and
the configuration of the capacitance-system mutual-type
touch panel; in order to achieve the combined configuration,
the touch panel of interest includes an upper electrode part 10
(afirst electrode part) having a plurality of first electrode lines
(Y-axis electrode lines, receiving-side electrode lines) and a
lower electrode part 20 (a second electrode part) having a
plurality of second electrode lines (X-axis electrode lines,
transmitting-side electrode lines) with the Y-axis electrode
lines and the X-axis electrode lines arranged in a matrix shape
(mesh); the touch panel is configured to perform a switching
operation which puts a plurality of electrode lines together
and/or a switching operation which thins a plurality of elec-
trode lines according to a situation for each of the electrode
lines of the upper electrode part 10 and the lower electrode
part 20.

[0096] Inthe description of the second embodiment, a spe-
cific configuration and action relating to a capacitance-sys-
tem hybrid touch panel equipped with a pressure-sensitive
function as an input device according to the present invention
will be described below.

[0097] The -capacitance-system hybrid touch panel
equipped with the pressure-sensitive function of the second
embodiment according to the present invention will be
described below with reference to the accompanying draw-
ings.

[0098] FIG. 6 is a schematic view illustrating the cross
sectional configuration of an input part in the capacitance-
system hybrid touch panel with the pressure-sensitive func-
tion of the second embodiment according to the present
invention. The hybrid touch panel of the second embodiment
is a touch panel provided on a portable electronic device, and
is provided on the liquid crystal screen of a display device.
This hybrid touch panel will be described using an example in
which this is formed of optically transparent materials on the
whole. Accordingly, the hybrid touch panel of the second
embodiment is configured to be operated by a finger for a
specific area displayed on the liquid crystal screen while
visually observing. Although a portable electronic device is
described as an example in the second embodiment, the
present invention is not limited to a portable electronic
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device, but is applicable to a variety of electronic equipment
having a touch panel for use in integration with a display
device. In addition, the hybrid touch panel of the present
invention can be configured with being arranged on a reverse
face in a film-like display device (organic EL. (OLED)) etc.
[0099] InFIG. 6, an input part 1 in the hybrid touch panel of
the second embodiment includes: an upper electrode part 10
and a lower electrode part 20 which are a plurality of oppos-
ing electrode lines arranged on the matrix of the X-axis and
Y-axis (arranged in a matrix shape (mesh)); a pressure-sensi-
tive layer 5 provided between the upper electrode part 10 and
the lower electrode part 20; and an adhesion part 9 that con-
tactable and separable holds (fixes) the upper electrode part
10 and the lower electrode part 20. Accordingly, when the
upper electrode part 10, which is an operation object area
(operation object face), is not pressurized (pressed downward
from above in FIG. 6), i.e. in a non-operation state, the upper
electrode part 10 is arranged so as to face the lower electrode
part 20, having a prescribed distance (gap: opposing area 40)
relative to the lower electrode part 20. On the other hand,
when the upper electrode part 10 is pressurized, i.e. in a
depression load state, the upper electrode 10 is electrically
connected to the lower electrode 20 via the pressure-sensitive
layer 5. Accordingly, it is configured such that the upper
electrode part 10 is flexible enough to be contactable and
separable relative to the lower electrode part 20. An electrode
line in the upper electrode part 10 and the lower electrode part
20 is not limited to one having a linear shape, but one having
a wave-like shape or one the width of which varies in the
middle, etc. may be used.

[0100] The upper electrode part 10, which is one electrode
part, is provided on the reverse face of an upper film 2, which
is an operation object face operated by a finger as input
means. The lower electrode part 20, which is the other elec-
trode part, is provided on a lower film 8 fixed to the substrate
(not shown) of the display device. In the second embodiment,
although description is made using an example in which the
pressure-sensitive layer 5 is formed on the lower electrode
part 20, on the contrary, the pressure-sensitive layer 5 may be
formed on the upper electrode part 10, with a similar effect
obtained irrespective of a face on which the pressure-sensitive
layer 5 is formed.

[0101] FIG. 7 is an explanatory drawing illustrating the
matrix configuration and the configuration of a switching
element of the input part 1 in the hybrid touch panel of the
second embodiment of the present invention. In FIG. 7, the
upper electrode part 10 and the lower electrode part 20
arranged in a matrix shape is described using an example in
which each of the upper and lower electrode parts 10, 20 is
composed of eight electrode lines (A to H, and 1 to 8), in order
to make the description easy to understand.

[0102] As shown in FIG. 7, switching elements (SWA to
SwH) are provided on each of the first electrode lines (A to H)
of the upper electrode part 10, respectively, and each of the
first electrode lines (A to H) is connected to a detection circuit
50 mentioned below via the switching elements (SwWA to
SwH), respectively. Switching elements (Swl to Sw8) are
provided on each of the second electrode lines (1 to 8) of the
lower electrode part 20, respectively, and each of the second
electrode lines (1 to 8) is connected to the detection circuit 50
mentioned below via the switching elements (Sw1 to Swg),
respectively.

[0103] Inthehybrid touch panel ofthe second embodiment,
and in a state where a finger, i.e. input means, is close to or in
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contact with the operation object area of the hybrid touch
panel, that is, in a state where the upper electrode part 10 and
the lower electrode part 20 is not in contact with each other,
the following switching control actions (capacitance detec-
tion processing) are performed.

[0104] Inorderto detect a capacitance in the electrode lines
(the first electrode lines) of the upper electrode part 10 with
high sensitivity, switching control for each of the switching
elements (SwA to SwH) is performed such that a plurality of
neighboring electrode lines in the first electrode lines (A to
H), for example, neighboring three electrode lines are put
together as one electrode line group. The switching control
that puts the plurality of neighboring electrode lines together
and make them act as one electrode group in this way is
performed by transmitting a drive control signal from control
part 70 to a first drive circuit 60a having the plurality of
switching elements (SwA to SwH) which turns on and off
(contact and separation) each of the first electrode lines (A to
H), respectively.

[0105] As aspecific example of switching control in which
the control part 70 performs drive control, for example, three
electrode lines (A, B, C) among the first electrode lines are put
together as one electrode line group which is called a first
electrode line group X, and corresponding three switching
elements (SwA, SwB, SwC) are turned on, the first electrode
line group X being connected to the detection circuit 50. With
the first electrode line group X connected to the detection
circuit 50 in this way, a capacitance in the first electrode line
group X is detected. At this time, a voltage in the second
electrode lines (1 to 8) is set at a stable voltage (for example,
GND electrical potential) in order to reduce the influence of a
capacitance on the first electrode line group x. As mentioned
above, with a plurality of electrode lines among the first
electrode lines put together in the upper electrode part 10, an
upper electrode group X are composed, which substantially
widens an electrode width and improves detection sensitivity.
With similar actions performed, that is, with the second elec-
trode lines connected to the detection circuit and with the
voltage of the first electrode lines set at a stable voltage, the
detection sensitivity of the lower electrode can be improved.
[0106] Since the hybrid touch panel of the second embodi-
ment is configured to perform self-type capacitance detec-
tion, when the operation state of a finger, i.e. input means, is
detected, detection sensitivity can be improved by optimizing
the area of the upper electrode part 10 and the lower electrode
part 20 through the switching control of the switching ele-
ments.

[0107] Also in the case of a hybrid touch panel that detects
a capacitance in a mutual-type method, detection sensitivity
can be improved by widening the receiving-electrode width
of'areceiving-side electrode part, i.e. the upper electrode part,
and by narrowing the transmitting-electrode width of a trans-
mitting-side electrode part, i.e. the lower electrode part.
[0108] Next, in the hybrid touch panel of the second
embodiment, and in a depression load state where the opera-
tion object face of the hybrid touch panel is depressed by a
finger and where a corresponding electrode line in the upper
electrode part 10 is electrically connected to a corresponding
electrode line in the lower electrode part 20 via the pressure-
sensitive layer 5, the following switching control actions (co-
ordinate calculating processing and pressure calculating pro-
cessing) are performed.

[0109] When a depression load state is detected in the
detection circuit 50 of the hybrid touch panel, on-off opera-
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tions of the switching elements (SwA to SwH) connected to
the first electrode lines (A to H) and on-off operations of the
switching elements (Swl to Sw8) connected to the second
electrode lines (1 to 8) are performed sequentially (resistance
detection processing). Specifically, for example, in a state
where one switching element (Sw1) for the lower electrode
part 20 is turned on and the second electrode line (1) is
connected to the detection circuit 50, switching control that
turns the switching elements (SwA to SwH) for the upper
electrode part 10 into an on-state once is performed sequen-
tially, and the first electrode lines (A to H) in the upper
electrode part 10 are sequentially connected to the detection
circuit 50. In this way, by connecting each of the first elec-
trode lines (A to H) to the detection circuit 50, resistance
values in all the first electrode lines (A to H) for the second
electrode line (1) are detected in the detection circuit 50.

[0110] As described above, when the switching control of
all the switching elements (SwA to SwH) for the second
electrode line (1) is completed, the switching control of the
switching elements (SwA to SwH) for a next second electrode
line (2) is sequentially performed in a similar manner. In this
way, with the switching control of the switching elements
(SwA to SwH) for all the second electrode lines (1 to 8)
performed sequentially, resistance values in all the coordinate
positions (detection points) in the operation object area are to
be detected in the detection circuit 50.

[0111] In a manner similar to the manner in which switch-
ing control is performed in the capacitance detection process-
ing mentioned above, a plurality of the first electrode lines are
put together as one electrode line group, and resistance detec-
tion processing on each detection point may be performed
while a thinning action is performed for the second electrode
lines. With resistance detection processing performed in this
way, faster detection speed can be achieved by reducing
detection points.

[0112] Inthehybrid touch panel ofthe second embodiment,
each predetermined number of neighboring electrode lines
among the plurality of second electrode lines (1 to 8) put
together are defined as a second electrode line group, and a
plurality of the second electrode line groups are defined as a
second detection electrode; the control part 70 is configured
to drive and control the plurality of the second electrode line
group by performing on-oft control for a switching element
corresponding to the second detection electrode in a second
drive part 605. However, the present invention is not limited
to a control method like this, and other control methods are
alsopossible. For example, selected second electrode lines (1,
3, 5,7) obtained by thinning the plurality of second electrode
lines (1 to 8) is defined as a second detection electrode; the
control part 70 is configured to drive and control the selected
second electrode lines (1, 3, 5, 7), by performing on-off
control for switching elements (Sw1, Sw3, Sw5, Sw7) corre-
sponding to the second detection electrode in the second drive
part 605.

[0113] As another control method, in case that a plurality of
electrode line (a first electrode line and/or a second electrode
line) are put together and processed as one electrode line
group, for example, a last detection electrode is first electrode
lines (A, B), a next detection electrode is first electrode lines
(B, C), and a still next detection electrode is first electrode
lines (C, D); in this manner, a part of electrode lines may be
configured to be overlapped. In this way, not only by putting
aplurality of electrode lines together, but also by sequentially
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performing on-off control for an electrode line group a part of
which is overlapped, deteriorated resolution can be prevented
while sensitivity improved.

[0114] A detection method for detecting an operation state
for the operation object face, an operation position in the
operation object face and an operation pressure in the opera-
tion object face operated by a finger, i.e. input means, using a
capacitance detection signal (Cd) and a resistance detection
signal (Rd) outputted from the input part 1 in the hybrid touch
panel of the second embodiment will be described in detail
below.

[0115] In the input part 1 in the hybrid touch panel of the
second embodiment as configured above, by bringing a finger
close to the upper film 2, i.e. the operation object face, a
change in a capacitance arises in a capacitive coupling formed
between the finger and the upper electrode part 10. At this
time, there is also a capacitive coupling between the elec-
trodes, a capacitance existing between the electrodes. By
further bringing the finger close to the upper film 2 and by
pressing the operation object face of the upper film 2, the
upper electrode part 10 and the lower electrode part 20 are
electrically connected via the pressure-sensitive layer 5. At
this time, the resistance value of the pressure-sensitive layer 5
changes according to a pressure force.

[0116] A composition composing the pressure-sensitive
layer 5 is made up of a conductive material, the electrical
properties, such as an electrical resistance, of which change
according to an external force. With respect to the composi-
tion of the pressure-sensitive layer 5, as the upper electrode
part 10 and the lower electrode part 20 contact with each other
and are pressurized, there flows a tunneling current between
conductive pressure-sensitive particles existing in the inner
part of the composition of the pressure-sensitive layer 5,
regardless of the presence of a direct contact, which changes
a state from an insulation state to an energized state. That is,
the pressure-sensitive layer 5 changes its electrical resistance
value according to a pressure force, and have a characteristic
that the electrical resistance value becomes small as the pres-
sure force becomes large. With respect to a composition com-
posing a pressure-sensitive layer having a characteristic like
this, said composition as a usable one includes, for example,
QTC inks, which are quantum tunneling composites available
with a brand name “QTC” and “QTC Clear” from Peratech
LTD. of Darlington in Britain, etc.

[0117] The pressure-sensitive layer 5 of the input part 1 in
the second embodiment is formed through coating on a face
opposing the upper electrode part 10 on the lower electrode
part 20. The pressure-sensitive layer 5 can be formed using a
printing method, such as screen printing, offset printing, gra-
vure printing or flexographic printing.

[0118] FIG. 8is a block diagram illustrating the configura-
tion of the hybrid touch panel of the second embodiment. As
mentioned above, the input part shown in FIG. 6 is configured
to combine capacitance detection 11 that detects the change
of'a capacitance in the input part 1 and resistance detection 12
that detects the change of an electrical resistance value in the
input part 1. The hybrid touch panel of the second embodi-
ment includes: a charge/discharge waveform forming part 13
which forms a charge/discharge waveform (Va) using a
capacitance detection signal (Cd) by the capacitance detec-
tion 11 and a resistance detection signal (Rd) by the resistance
detection 12; a charge/discharge waveform calculating part
14 which detects the change of a capacitance and the change
of a resistance value (pressure change) in the input part 1
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based on the charge/discharge waveform formed in the
charge/discharge waveform forming part 13 and which cal-
culates a finger motion (operation state), a finger position
(operation position) and a finger pressure force (operation
pressure) in an operation object face; an output part 15 which
outputs a signal showing the operation state, the operation
position and the operation pressure based on a signal from the
charge/discharge waveform calculating part 14 (see FIG. 7).
Here, the detection circuit 50 is configured by the charge/
discharge waveform forming part 13 and the charge/dis-
charge waveform calculating part 14.

[0119] The charge/discharge waveform forming part 13 in
the hybrid touch panel of the second embodiment will be
described below. FIG. 9 is a diagram illustrating the circuit
configuration of the charge/discharge waveform forming part
13.

[0120] InFIG. 9, circuit elements which a variable capaci-
tance (Cx) and a variable resistance (Rx) represent are those
which correspond to a capacitance and a resistance detected
in the capacitance detection 11 and the resistance detection
12. Accordingly, the variable capacitance (Cx) includes a
capacitance between a finger, i.e. input means, and the upper
electrode part 10, a capacitance between the upper electrode
part 10 and the lower electrode part 20 and a capacitance
which a circuit in the input part 1 has, etc. The variable
resistance (Rx) includes an electrical resistance via the pres-
sure-sensitive layer 5 between the upper electrode part 10 and
the lower electrode part 20 and an electrical resistance which
the circuit in the input part 1 has, etc.

[0121] AsshowninFIG. 9, the charge/discharge waveform
forming part 13 is configured such that a capacitor C and the
input part 1 are charged with a current from a constant current
source 30 and discharge is performed in a resistor R and the
input part 1 by the switching action of switching elements
(SwA, SwB, SwC). The constant current source 30 is con-
nected to the capacitor C via a second switch 13, and a first
switch A is provided between the capacitor C and the resistor
R. The capacitor C is connected to one input terminal of a
comparator 31. A reference voltage (Vb) is inputted into the
other input terminal of the comparator 31. The comparator 31
is configured to output a discharge end detection signal when
the discharge voltage of the capacitor C reaches the reference
voltage (VD).

[0122] The charge/discharge waveform forming part 13 in
the hybrid touch panel of the second embodiment has a
charge/discharge circuit composed of the constant current
source 30, the capacitor C, the resistor R and the two switch-
ing elements (SwA, SwB). The input part 1 is connected to
this charge/discharge circuit via a first drive part 60a and a
second drive part 605, and is configured such that the capaci-
tance detection signal (Cd) formed by the variable capaci-
tance (Cx) and the resistance detection signal (Rd) formed by
the variable resistance (Rx) are inputted.

[0123] In the circuit of the charge/discharge waveform
forming part 13 shown in FIG. 9, when the first switch A is in
an off-state and the second switch B is in an on-state, a current
from the constant current source 30 flows into the capacitor C
and the input part 1, and so electric charge corresponding to a
prescribed capacitance is charged in the capacitor C and the
input part 1 (charging action). In the second embodiment, a
control method is used where a charging action is ended by
judging that the prescribed amount of electric charge is
charged in the capacitor C and the input part 1 when charge
time reaches a definite period of time; but a circuit configu-
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ration and a control method may be used where a charging
action is ended and a discharging action is started when it is
detected that the charge voltage (Va) of the capacitor C and
the input part 1 has reached a prescribed voltage (Vp).
[0124] When electrical charge corresponding to the pre-
scribed capacitance is charged in the capacitor C and the input
part 1, a charging action is ended and a discharging action is
started. With respect to the discharging action, when the first
switch A is in an on-state and the second switch B is in an
off-state, the electric charge which has been charged in the
capacitor C and the input part 1 flows into the resistor R, and
so discharge is performed. At this time, since the circuit of the
charge/discharge waveform forming part 13 is connected to
the input part 1, a discharge state is to be affected by the
variable capacitance (Cx) and the variable resistance (Rx) in
the input part 1. When the prescribed voltage (reference volt-
age: Vb) is reached with the prescribed electric charge of the
capacitor C and the input part 1 discharged, the discharging
action is stopped and a charging action is started by an output
signal (discharge end detection signal) from the comparator
31.

[0125] FIG.10is waveform diagrams in each element in the
charge/discharge waveform forming part 13. In FIG. 10, the
charge/discharge waveform Va shows a voltage waveform
inputted into the comparator 31 from the capacitor C and the
input part 1, and SwA and SwB show the on-off state of the
first switch A and the second switch B, respectively. The sign
“Out” in FIG. 10 shows the output signal (discharge end
detection signal) from the comparator 31.

[0126] In FIG. 10, (a) is a waveform diagram in a state
(non-operation state) where the hybrid touch panel is not
operated, (b) is a waveform diagram in a state (proximity
state) where a finger, i.e. input means, is close to or in contact
with the operation object face of the hybrid touch panel, and
(c) is a waveform diagram in a state (depression load state)
where the operation object face of the hybrid touch panel is
depressed by the finger and the upper electrode part 10 and the
lower electrode part 20 are electrically connected via the
pressure-sensitive layer 5.

[0127] As shown in (a) of FIG. 10, the capacitor C and the
input part 1 repeat a charging action and a discharging action
intermittently by turning on and off the first switch A and the
second switch B. Accordingly, the off-period Ta of the first
switch A is a predetermined period, and the on-period Tb of
the first switch A is almost the same period when a capaci-
tance change by the capacitance detection 11 of the input part
1 is minute, and so turning on and off'is repeated at almost the
same interval in this period (Ta, Tb) in a non-operation state.
The first switch A performs a discharging action in which
on-off action is repeated intermittently in minute time in its
on-period (Tb), i.e. a discharging action period. Accordingly,
the discharge waveform of discharge occurring in the resistor
R via the first switch A is a step-wise waveform microscopi-
cally. With the on-off action in the minute time in this first
switch A counted, the detection of discharge time is per-
formed. The count of the on-off action of the first switch A is
detected in the charge/discharge waveform calculating part
14 (see FIG. 7), and so it is possible to form operation state
information, operation position information and operation
pressure information by the change of a count number.
[0128] The waveform diagram shown in (b) of FIG. 10
represents a state where a finger, i.e. input means, is close to
orin contact with the operation object face of the hybrid touch
panel and where the upper electrode part 10 and the lower
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electrode part 20 are not in contact with each other. That is,
this represents a state where the finger is close to the operation
object face and where the finger and the upper electrode part
10 are capacitively coupled. At this time, there also exists a
capacitive coupling state between the upper electrode part 10
and the lower electrode part 20. As a result, in a state where
the finger is close to or in contact with the operation object
face, the variable capacitance (Cx) in the input part 1 (see
FIG. 9) has changed, compared with the non-operation state
shown in (a) of FIG. 10. Since the magnitude of a capacitance
is inversely proportional to a distance between the finger and
the upper electrode part 10 located on the operation object
face, the capacitance between the finger and the upper elec-
trode part 10 becomes large as the finger approaches the
operation object face. As a result, detection discharge time
(Td) in the charge/discharge waveform (Va) becomes longer
by time (Te), compared with a non-operation state shown in
(a) of FIG. 10. This detection discharge time (Td) is detected
by the count number of the on-off action of the minute time of
the first switch A. In this way, the operation state information
and the operation position information of the finger on the
operation object face can be determined by the change of the
detection discharge time (Td) based on the change of a
capacitance. In a proximity state shown in (b) of FIG. 10, the
variable resistance Rx shown in FIG. 9 is infinite, indicating
that a shut-off state is formed.

[0129] The waveform diagram shown in (c¢) of FIG. 10
represents a depression load state where the operation object
face of the hybrid touch panel is depressed by the finger and
where the upper electrode part 10 and the lower electrode part
20 are electrically connected via the pressure-sensitive layer
5. As mentioned above, the pressure-sensitive layer 5 has a
characteristic that its electrical resistance value becomes
small according to the magnitude of a pressure when it is
pressurized. In the depression load state shown in (¢) of FIG.
10, there is no capacitive coupling state as seen in the case of
the proximity state shown in (b) of FIG. 10, and there is a
stably electrically connected state between the finger, i.e.
input means, and the upper electrode part 10 of the operation
object face, and between the upper electrode part 10 and the
lower electrode part 20. Accordingly, in the depression load
state shown in (¢) of FIG. 10, the variable capacitance (Cx)
shown in FIG. 9 substantially becomes zero, and there
appears a state where a current flows into the variable resis-
tance (Rx). However, since a stray capacitance and the like
exist in the circuit, the variable capacitance (Cx) cannot be
zero. As a result, charge may not be performed up to the
prescribed voltage (Vp) due to an insufficient charging period
in the period of charge time (Ta) of the charge/discharge
waveform (Va). With the influence above and the influence of
the increase of a discharge current, the detection discharge
time (Td) in the charge/discharge wave form (Va) becomes
shorter by time (Tn), compared with the non-operation state
shown in (a) of FIG. 10. In this way, the operation state
information of the finger on the operation object face, the
operation position information of the finger on the operation
object face and the operation pressure information of the
finger against the operation object face can be determined by
detecting the detection discharge time (Td) from the change
of an electrical resistance in the input part 1. The depression
load state includes a state where the upper electrode part 10
and the lower electrode part 20 are merely electrically in
contact with each other.
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[0130] FIG. 11 is a flow chart illustrating a detection
sequence for detecting a capacitance and a pressure in each
detection point in the hybrid touch panel of the second
embodiment.

[0131] First, with electric power supplied to the hybrid
touch panel, the detection sequence sequentially starts for all
the detection points in the operation object area in the hybrid
touch panel.

[0132] In the detection sequence in each detection point,
and in step 101 (S101), the charge/discharge waveform (Va)
is formed in the charge/discharge waveform forming part 13,
as mentioned above. The detection discharge time (Td) in the
formed charge/discharge waveform is compared with a ref-
erence time (To). Here, the reference time (To) is the dis-
charge time (Tb) in a non-operation state (see (a) of FIG. 10)
in the hybrid touch panel, and is set using time measured at the
time of the non-operation state. In step 102 (S102), when the
detection discharge time (Td) is almost the same as the ref-
erence time (To), the present state is regarded as a non-
operation state and a return to step 101 (S101) is made.
[0133] In step 103 (S103), when the detection discharge
time (Td) is longer than the reference time (To) by a certain
period or more, the present state is regarded as a proximity
state, and a shift to a capacitance detection mode (S104) is
made. On the other hand, when the detection discharge time
(Td) s shorter than the reference time (To) by a certain period
or more, the present state is regarded as a depression load
state, and a shift to a resistance detection mode (S107) is
made.

[0134] In the capacitance detection mode (S104), capaci-
tance detection processing (S105) that detects the change of a
capacitance (C+Cx: see FIG. 8) is performed based on the
detection discharge time (Td), and capacitance detection out-
put (S106) is performed based on the detected change of a
capacitance. That is, an operation state indicating whether or
not the detection point has been operated is detected. After the
capacitance detection output (S106) is performed, a similar
detection sequence is performed by shifting to the next detec-
tion point in the operation object area.

[0135] Instep 103, when the detection discharge time Td is
shorter than the reference time To (Td<To), the resistance
detection mode (S107) is performed. In this resistance detec-
tion mode (S107), the change of a resistance value (R*Rx/R+
Rx: see FIG. 8) is detected based on the detection discharge
time (Td), and coordinate calculating processing and pressure
calculating processing (S108) are performed. As an example
of'this coordinate calculating processing, with one end of one
of opposing electrodes connected to the input terminal of a
detection circuit 50 configured by the charge/discharge wave-
form forming part 13 and the charge/discharge waveform
calculating part 14, and with one end of the other electrode
grounded, the resistance value including the change of the
pressure-sensitive layer 5 can be measured. In this resistance
value measurement, by modifying the combination of a con-
nection state how one end of an electrode connected to the
detection circuit 50 and one end of the other electrode
grounded are connected, it is possible to detect a coordinate
position (operation position) operated by the finger, i.e. input
means, in the electrode. Such switching control is performed
in the first drive part 60a and the second drive part 605 based
on a control signal from the control part 70 (see FIG. 7). In the
pressure calculating processing, since the resistance value of
the pressure-sensitive layer 5 changes according to an extent
to which the pressure-sensitive layer 5 is pressurized as men-
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tioned above, a pressure force (operation pressure) is detected
by detecting the change of a resistance value in each detection
point in the operation object area. That is, when a depression
load state is detected in the detection circuit 50 of the hybrid
touch panel, on-off operations of the switching elements
(SwA to SwH) connected to the first electrode lines (A to H)
and on-off operations of the switching elements (Sw1 to Sw8)
connected to the second electrode lines (1 to 8) are performed
sequentially (resistance detection processing). Specifically,
for example, in a state where one switching element (Sw1) for
the lower electrode part 20 is turned on and the second elec-
trode line (1) is connected to the detection circuit 50, switch-
ing control that turns the switching elements (SwA to SwH)
for the upper electrode part 10 into an on-state once is per-
formed sequentially, and the first electrode lines (A to H) in
the upper electrode part 10 are sequentially connected to the
detection circuit 50. In this way, by connecting each of the
first electrode lines (A to H) to the detection circuit 50, resis-
tance values in all the first electrode lines (A to H) for the
second electrode line (1) are detected in the detection circuit
50.

[0136] In step 109 (S109), a signal showing a coordinate
position (operation position) and a pressure force (operation
pressure) which are both detected is outputted to the control
part (not shown) of a portable electronic device on which the
hybrid touch panel is provided. In this way, when the signal
showing the coordinate position (operation position) and the
pressure force (operation pressure) related to the detection
point is outputted, shifting to a detection sequence for the next
detection point is performed.

[0137] As mentioned above, when detection sequences for
all the detection points in the operation object area are com-
pleted, release detection is performed in all the detection
points in the operation object area. With respect to this release
detection, detection discharge time (Td) and reference time
(Vo) are compared in all the detection points, and when the
detection discharge time (Td) is almost the same as the ref-
erence time (Vo), the release detection is performed, and so
the detection sequences in the hybrid touch panel is com-
pleted. On the contrary, when the detection discharge time
(Td) differs from the reference time (Vo), the detection
sequences for all the detection points in the operation object
area are performed again.

[0138] As mentioned above, the detection sequences are
performed in the hybrid touch panel of the second embodi-
ment, and each of a capacitance (operation state), a coordinate
position (operation position) and a pressure force (operation
pressure) is detected on all the detection points in the opera-
tion object area. Each of the detected signals is outputted to
the control part (not shown) of the portable electronic device
on which the hybrid touch panel is provided, and thus the
portable electronic device is controlled.

[0139] Inthehybrid touch panel of the second embodiment,
although description was made using an example in which a
finger is used as input means, the input means in the present
invention is not limited to a finger, but anything can be used
when it is a conductor. Furthermore, even in the case of a
nonconductor such as a stylus, since a coordinate and a pres-
sure can be detected by a resistance film digital system, there
is no limitation about an input method.

[0140] Inthehybrid touch panel ofthe second embodiment,
although description was made using an example in which the
capacitance detection signal (Cd) detected by the capacitance
detection 11 and the resistance detection signal (Rd) detected
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by the resistance detection 12 in the input part 1 are used as a
discharge waveform at the time of discharge in the charge/
discharge waveform (Va), the present invention is not limited
to this configuration, but the capacitance detection signal
(Cd) and the resistance detection signal (Rd) which are
detected by the capacitance detection 11 and the resistance
detection 12, respectively, can also be used as a charge wave-
form at the time of charge. By using the capacitance detection
signal (Cd) and the resistance detection signal (Rd) outputted
from the input part 1 at the time of charge, it is possible to
detect that the behavior of a charge waveform changes
according to a capacitance and a resistance value, and itis also
possible to detect each of a capacitance (operation state), a
coordinate position (operation position) and a pressure force
(operation pressure).

[0141] Furthermore, in the present invention, by using both
of a charge waveform at the time of charge and a discharge
waveform at the time of discharge in the charge/discharge
waveform (Va), it is also possible to detect each of a capaci-
tance (operation state), a coordinate position (operation posi-
tion) and a pressure force (operation pressure) with higher
accuracy. Also in this case, by using the capacitance detection
signal (Cd) detected by the capacitance detection 11 and the
resistance detection signal (Rd) detected by the resistance
detection 12 in the input part 1 described in the second
embodiment, a change appears in a charge waveform at the
time of charge and in a discharge waveform at the time of
discharge according to each of a capacitance (operation
state), a coordinate position (operation position) and a pres-
sure force (operation pressure), and this phenomenon can be
used, enabling highly accurate detection.

[0142] Inthehybridtouch panel ofthe second embodiment,
although description was made on a hybrid touch panel which
combines the configuration of a resistance-film-system digi-
tal-type (multi-type) touch panel and the configuration of an
capacitance-system self-type touch panel, the present inven-
tion can configure a hybrid touch panel which combines the
configuration of a resistance-film-system digital-type (multi-
type) touch panel and the configuration of an capacitance-
system mutual-type touch panel. Even in a mutual-type one,
by using the capacitance detection signal (Cd) detected by the
capacitance detection 11 and the resistance detection signal
(Rd) detected by the resistance detection 12, the change of a
waveform in the charge/discharge waveform (Va) is detected,
and so the operation state (action state) and operation position
(coordinate position) of input means can be detected.

[0143] Sincethe input part 1 inthe hybrid touch panel ofthe
second embodiment is provided on the liquid crystal screen of
the display device and is formed of optically transparent
materials on the whole, the input part 1 is configured such that
input is performed by operating the operation object face of
the input part 1 by a finger, i.e. input means, while visually
observing. Accordingly, the upper film 2, the upper electrode
part 10, the pressure-sensitive layer 5, the lower electrode part
20 and the lower film 8 in the input part 1 are formed of
optically transparent materials. With respect to the configu-
ration of the second embodiment, although description was
made on the configuration where there exists air (index of
refraction: 1) in an internal space (corresponding area 40 (see
FIG. 6)) of the input part 1 in which the upper electrode part
10 and the lower electrode part 20 are arranged with facing
each other, a configuration including a solution layer may be
used in consideration of optical properties of the upper elec-
trode part 10 and the lower electrode part 20, etc. As a solution
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layer, it is preferable to use a substance which has an index of
refraction close to that of each material in the structure of the
upper electrode part 10 and the lower electrode part 20, that is,
a substance which has an index of refraction same as that of
air or larger and which has fluidity, optical transparency,
electrical insulation and heat resistance.

[0144] As a material of the upper film 2 and the lower film
8, amaterial usable for a flexible substrate can be used, which
includes general-purpose resin such as, for example, polyeth-
ylene terephthalate, polystyrene-based resin, polyolefin-
based resin, ABS resin, AS resin, acrylic resin or AN resin.
The thicknesses of the upper electrode part 10 and the lower
electrode part 20 are set at, for example, 5 um to 25 um. As a
material of the upper electrode part 10 and the lower electrode
part 20, it is preferable to use a transparent electrically con-
ducting material such as an ITO, a CNT and an Ag wire ink.
However, it is also possible to form the upper electrode part
10 and the lower electrode part 20 using a paste with electrical
conductivity, which includes metal such as gold, silver, cop-
per or nickel, or carbon. A method for forming these includes
a printing method such as screen printing, offset printing,
gravure printing or flexographic printing, or a photoresist
method, etc. The upper electrode part 10 and the lower elec-
trode part 20 can also be formed by pasting a metal foil such
as a copper foil or a gold foil. Furthermore, the upper elec-
trode part 10 and the lower electrode part 20 can also be
formed in a way described as follows: an electrode pattern is
formed with a resist on an FPC (flexible circuit board) which
is plated with metal such as copper, and then a metal foil
portion which is not protected by the resist is processed by
etching.

[0145] In order to secure the opposing area 40 of the upper
electrode part 10 and the lower electrode part 20, an adhesive
agent 9 as a gap holding member is provided. The adhesive
agent 9 has adhesiveness that glues the upper film 2 and the
lower film 8 together and also serves as an insulating member
for holding a gap between the opposing faces of the upper
electrode part 10 and the pressure-sensitive layer 5. As an
adhesive agent 9, a two-sided adhesive tape is included, for
example, in which an adhesive agent such as an acrylic bond-
ing paste is formed on both sides of a core material such as a
polyethylene terephthalate film. The thickness of the adhe-
sive agent 9 is set at, for example, 5 um to 20 um. The adhesive
agent 9 may include various adhesive agents such as a UV
curing resin and a heat curing resin, with a thickness set at 5
um to 20 um.

[0146] As mentioned above, the hybrid touch panel of the
input device according to the present invention can input
operation state information, operation position information
and operation pressure information into electronic equip-
ment, by detecting a capacitance, a resistance and a pressure
with a simple circuit configuration, irrespective of what kind
of input means is used, for example, whether the input means
is a finger or a stylus; the hybrid touch panel is a highly
general-purpose input device that can input a variety of infor-
mation accurately and quickly by operating simple input
means.

[0147] Although the present invention is fully described in
relation with preferred embodiments with reference to the
accompanying drawings, various variations and modifica-
tions are apparent to those skilled in the art. Such variations
and modifications are included in the present invention,
unless they depart from the scope of the present invention.
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INDUSTRIAL APPLICABILITY

[0148] Sincean input device according to the present inven-
tion can input a variety of information accurately and quickly
when it is provided on various electronic equipment, the input
device is useful for electronic equipment, for example, a
portable information terminal like a PDA or a handy terminal,
OA equipment like a copy machine and a facsimile, a smart-
phone, a portable telephone, a handheld game machine, an
electronic dictionary, a car-navigation system, a small PC or
various household appliances.

REFERENCE SIGNS LIST

[0149] 1 Input part

[0150] 2 Upper film

[0151] 3 Upper wiring pattern
[0152] 4 Upper detection electrode
[0153] 5 Pressure-sensitive layer
[0154] 6 Lower detection electrode
[0155] 7 Lower wiring pattern
[0156] 8 Lower film

[0157] 9 Adhesion part

[0158] 10 Upper electrode part
[0159] 11 Capacitance detection
[0160] 12 Resistance detection
[0161] 13 Charge/discharge waveform forming part
[0162] 14 Charge/discharge waveform calculating part
[0163] 15 Output part

[0164] 20 Lower electrode part
[0165] 40 Opposing area

[0166] 50 Detection circuit

[0167] 60aq First drive part

[0168] 605 Second drive part
[0169] 70 Control part

1. An input device using detection of both a capacitance

and a pressure, comprising:

an input part including electrode parts which are arranged
with facing each other and with being electrically con-
nectable and one of which has an electrode to be an
operation object, and a pressure-sensitive layer which is
disposed between the electrode parts facing each other
and an electrical resistance of which changes according
to a pressure against the electrode part being the opera-
tion object by input means of a conductor;

a charge/discharge waveform forming part which includes
a charge/discharge circuit having at least a constant cur-
rent source, a switching element, a capacitor and a resis-
tor and which forms a charge/discharge waveform by
being connected to the input part;

a charge/discharge waveform calculating part which cal-
culates an operation state, an operation position and an
operation pressure of the input means by detecting a
change of a capacitance and of a pressure in the input
part based on a charge/discharge waveform formed by
the charge/discharge waveform forming part; and

an output part which outputs a signal showing the operation
state, the operation position and the operation pressure
of the input means calculated in the charge/discharge
waveform calculating part.

2. The input device according to claim 1, wherein

the input part is configured to output a capacitance detec-
tion signal, which shows a capacitance between the
input means and the electrode being the operation
object, and a resistance detection signal, which shows a
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resistance value between the electrode parts electrically
connected via the pressure-sensitive layer, to the charge/
discharge waveform forming part.

3. The input device according to claim 2, wherein

the charge/discharge waveform forming part is configured
to be connected to the input part at least at time of
discharge of the charge/discharge circuit, and to form the
charge/discharge waveform according to the capaci-
tance detection signal and the resistance detection sig-
nal.

4. The input device according to claim 3, wherein

the charge/discharge waveform calculating part is config-
ured to calculate discharge time across a prescribed volt-
age in the charge/discharge waveform formed by the
charge/discharge waveform forming part, and to detect
the change of the capacitance and of the pressure in the
input part, and to form the signal showing the operation
state, the operation position and the operation pressure
of the input means in the electrode part being the opera-
tion object.

5. The input device according to claim 2, wherein

the charge/discharge waveform forming part is configured
to be connected to the input part at least at time of charge
of the charge/discharge circuit, and to form the charge/
discharge waveform according to the capacitance detec-
tion signal and the resistance detection signal.

6. The input device according to claim 5, wherein

the charge/discharge waveform calculating part is config-
ured to calculate charge time across the prescribed volt-
age in the charge/discharge waveform formed by the
charge/discharge waveform forming part, and to detect
the change of the capacitance and of the pressure in the
input part, and to form the signal showing the operation
state, the operation position and the operation pressure
of the input means in the electrode part being the opera-
tion object.

7. The input device according to claim 2, wherein

the charge/discharge waveform forming part is configured
to be connected to the input part at time of charge and
discharge of the charge/discharge circuit, and to form the
charge/discharge waveform according to the capaci-
tance detection signal and the resistance detection sig-
nal.

8. The input device according to claim 7, wherein

the charge/discharge waveform calculating part is config-
ured to calculate charge time and discharge time across
a prescribed voltage in the charge/discharge waveform
formed by the charge/discharge waveform forming part,
and to detect the change of the capacitance and of the
pressure in the input part, and to form the signal showing
the operation state, the operation position and the opera-
tion pressure of the input means in the electrode part
being the operation object.

9. The input device according to claim 1, wherein

the electrode part and the pressure-sensitive layer are
formed of an optically transparent material and are con-
figured such that operation can be performed through the
electrode part and the pressure-sensitive layer while
visually observing a screen of a display device on which
the input device is provided.

10. A capacitance-system hybrid touch panel equipped

with a pressure-sensitive function, comprising:
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an input part which includes;

a first electrode part which has a plurality of first elec-
trode lines in parallel with each other and which is to
be an operation object by input means of a conductor;

a second electrode part opposing the first electrode part
and having a plurality of second electrode lines which
are orthogonal to the plurality of first electrode lines
and which are contactable and separable arranged in a
matrix shape with respect to the plurality of first elec-
trode lines;

apressure-sensitive layer which is disposed between the
first electrode part and the second electrode part as in
the opposing manner and which is sandwiched and
fixed between the first electrode part and the second
electrode part by a pressure force of the input means
against the first electrode part, and an electrical resis-
tance value of which changes according to a pressure
of the sandwiching and the fixing,

a detection circuit which is configured such that the input
part is connected and such that a capacitance detection
signal showing a capacitance between the input means
and the first electrode part and a capacitance between the
first electrode part and the second electrode part and a
resistance detection signal showing an electrical resis-
tance value between the first electrode part and the sec-
ond electrode part which are electrically connected via
the pressure-sensitive layer are inputted from the input
part and such that an operation state, an operation posi-
tion and an operation pressure of the input means are
detected;

a first drive part having a plurality of switching elements
which perform contact and separation between each of
the plurality of first electrode lines and the detection
circuit;

a second drive parthaving a plurality of switching elements
which perform contact and separation between each of
the plurality of second electrode lines and the detection
circuit; and

a control part performing drive control of the first drive
control part and the second drive control part.

11. The hybrid touch panel according to claim 10, wherein

the control part is configured such that each predetermined

number of neighboring electrode lines among the plu-
rality of first electrode lines put together are defined as a
first electrode line group and a plurality of first electrode
line groups is defined as a first detection electrode and
such that on-off control is performed for the switching
element corresponding to the first detection electrode in
the first drive part and such that drive control of the
plurality of first electrode line groups is performed and
also drive control of the plurality of second electrode
lines defined as a second detection electrode is per-
formed.

12. The hybrid touch panel according to claim 11, wherein

the control part is configured such that a plurality of
selected second electrode lines obtained by thinning the
plurality of second electrode lines is defined as the sec-
ond detection electrode and such that on-off control is
performed for the switching element corresponding to
the second detection electrode in the second drive part
and such that drive control of the selected second elec-
trode lines is performed.

13. The hybrid touch panel according to claim 11, wherein

the control part is configured such that each predetermined
number of neighboring electrode lines among the plu-
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rality of second electrode lines put together are defined
as asecond electrode line group and a plurality of second
electrode line groups are defined as the second detection
electrode and such that on-off control is performed for
the switching element corresponding to the second
detection electrode in the second drive part and drive
control of the plurality of second electrode line groups is
performed.

14. The hybrid touch panel according to claim 10, wherein

the detection circuit includes:

a charge/discharge waveform forming part which includes
a charge/discharge circuit having at least a constant cur-
rent source, a switching element, a capacitor and a resis-
tor and which forms a charge/discharge waveform with
the capacitance detection signal and the resistance
detection signal inputted; and

a charge/discharge waveform calculating part which
detects a change of the capacitance and of the pressure in
the capacitance detection signal and the resistance
detection signal based on the charge/discharge wave-
form formed by the charge/discharge waveform forming
part and which calculates the operation state, the opera-
tion position and the operation pressure of the input
means.

15. The hybrid touch panel according to claim 14, wherein

the charge/discharge waveform forming part is configured
to be connected to the input part at least at time of
discharge of the charge/discharge circuit, and to form the
charge/discharge waveform according to the capaci-
tance detection signal and the resistance detection sig-
nal.

16. The hybrid touch panel according to claim 15, wherein

the charge/discharge waveform calculating part is config-
ured to calculate discharge time across a prescribed volt-
age in the charge/discharge waveform formed by the
charge/discharge waveform forming part, and to detect
the change of the capacitance and of the pressure in the
input part, and to form the signal showing the operation
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state, the operation position and the operation pressure
of the input means in the electrode part being the opera-
tion object.

17. The hybrid touch panel according to claim 14, wherein

the charge/discharge waveform forming part is configured
to be connected to the input part at least at time of charge
of the charge/discharge circuit, and to form the charge/
discharge waveform according to the capacitance detec-
tion signal and the resistance detection signal.

18. The hybrid touch panel according to claim 17, wherein

the charge/discharge waveform calculating part is config-
ured to calculate the charge time across the prescribed
voltage in the charge/discharge waveform formed by the
charge/discharge waveform forming part, and to detect
the change of the capacitance and of the pressure in the
input part, and to form the signal showing the operation
state, the operation position and the operation pressure
of the input means in the electrode part being the opera-
tion object.

19. The hybrid touch panel according to claim 14, wherein

the charge/discharge waveform forming part is configured
to be connected to the input part at time of charge and
discharge of the charge/discharge circuit, and to form the
charge/discharge waveform according to the capaci-
tance detection signal and the resistance detection sig-
nal.

20. The hybrid touch panel according to claim 19, wherein

the charge/discharge waveform calculating part is config-
ured to calculate charge and discharge time across the
prescribed voltage in the charge/discharge waveform
formed by the charge/discharge waveform forming part,
and to detect the change of the capacitance and of the
pressure in the input part, and to form the signal showing
the operation state, the operation position and the opera-
tion pressure of the input means in the electrode part
being the operation object.

21-22. (canceled)



