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(57) ABSTRACT

A low cost touch sensor can, 1n conjunction with a detection
of an 1nput operation, perform detection related to a pressing
force during the mnput operation. Upper part electrodes of the
touch sensor are disposed such that they extend 1n an X axial
direction and are arrayed 1n a'Y axial direction that intersects
the X axial direction. Furthermore, each upper part electrode
comprises a plurality of upper part resistive films whose end
parts 1n the X axial direction are electrically connected by a
connection pattern. Lower part electrodes are disposed
opposing the upper part resistive films and comprise lower
part resistive films, whose contact surface area with the upper
part resistive films varies 1n accordance with a pressing force
that narrows the spacing to the upper part resistive films. A
detection device detects contact between the upper part resis-
tive films and the lower part resistive films based on the
change 1n the resistance from the upper part electrodes to the
lower part electrodes.
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TOUCH SENSOR AND ELECTRONIC
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This U.S. National stage application claims priority
under 35 U.S.C. §119(a) to Japanese Patent Application No.

2012-228819, filed 1n Japan on Oct. 16, 2012, the entire
contents of Japanese Patent Application No. 2012-228819 are
hereby incorporated herein by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a touch sensor that

detects an iput operation that 1s performed by making con-
tact, such as 1n a push down operation, a sliding operation, or
the like, and more particularly relates to a touch sensor that
detects the input operation using resistive films, and to an
electronic device that comprises the touch sensor.

[0004] 2. Background Information

[0005] An electronic device that inputs and outputs infor-
mation, such as a mobile telephone, a digital camera, a por-
table audio player, and the like, generally requires an input
apparatus for operating the electronic device and 1nputting
information. Such input apparatuses of electronic devices 1n
recent years include, for example, as described 1n Japanese
Unexamined Patent Application Publication No. 2011-
76172, an input apparatus that 1s used by a touch input device
that sitmultaneously detects the position of an input operation
and the change 1n the pressing force generated by the 1nput
operation. In the touch mput device described 1n Japanese
Unexamined Patent Application Publication No. 2011-
76172, the planar coordinates (XY coordinates) of the opera-
tion position of the iput operation 1s detected by a touch
panel, and the pressing force applied, in a direction (a Z
direction) perpendicular to a panel surface of the touch panel,
during the input operation 1s detected by a pressure sensitive
SEensor.

SUMMARY

[0006] However, 1n the touch mput device described 1n
Japanese Unexamined Patent Application Publication No.
2011-76172, 1n order to keep the cost of device production
down, pressure sensitive 1nk 1s used 1n the pressure sensitive
sensor that detects the pressing force, and there 1s a tendency
that the variation of the sensitivity of the pressure sensitive
sensor icreases owing to variation in the quality of the pres-
sure sensitive 1k layer during its manufacture. If one
attempts to achieve constant quality with high precision using
pressure sensitive ink, 1t becomes difficult to lower the manu-
facturing cost. In addition, there 1s a problem with such touch
input devices in that product cost increases owing to the use of
a combination of two types of sensors, namely, a touch panel
and a pressure sensitive sensor.

[0007] An object of the present invention 1s to provide, at
low cost, atouch sensor that performs, 1n conjunction with the
detection of an input operation, detection related to a pressing
force during the input operation, and an electronic device that
comprises the touch sensor.

[0008] As the technical solution, a plurality of aspects will
be explained below. These aspects can be arbitrarily com-
bined as needed.
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[0009] A touch sensor according to one aspect of the
present invention comprises: a first electrode that comprises a
plurality of lines of first resistive films, the first resistive films
being disposed to extend 1n a first direction and arrayed 1n a
second direction that intersects the first direction, whose end
parts 1n the first direction are electrically connected to each
other; a second electrode that comprises at least one second
resistive film disposed opposing the plurality of lines of first
resistive films, the second electrode being arranged such that
contact surface area between the at least one second resistive
film and the plurality of lines of first resistive films varies 1n
accordance with a pressing force that narrows a spacing
between the plurality of lines of first resistive films and the at
least one second resistive film; and a detection device that,
based on a change 1n a resistance value from the first electrode
to the second electrode, detects a contact between the plural-
ity of lines of first resistive films and the at least one second
resistive film and detects the extent of the contact surface area
between the plurality of lines of first resistive films and the at
least one second resistive film.

[0010] In the present touch sensor, at the time of contact
between the plurality of lines of first resistive films and the at
least one second resistive film, because the resistance value
varies greatly at the plurality of lines of first resistive films,
which extend 1n the first direction, the detection device can
casily detect an input operation performed on the touch sen-
sor. In addition to that, at the time of contact between the
plurality of lines of first resistive films and the at least one
second resistive film, because the resistance value varies
greatly 1n accordance with the number of the first resistive
films, which extend 1n the first direction, makes contact, the
magnitude of the pressing force during an input operation can
be detected based on the extent of the contact surface area
between the first resistive films and the second resistive films,
which can be easily detected by the detection device.

[0011] The present touch sensor may be one wherein the
detection device detects the extent of the contact surface area
based on a resistance value that varies 1n accordance with the
number of lines of the first resistive films that makes contact
with the at least one second resistive film. Because the resis-
tance value, which varies 1n accordance with the number of
contacting resistive films, varies comparatively greatly, the
detection performed by the detection device becomes easy.

[0012] The present touch sensor may be one wherein the
second electrode includes a plurality of lines of the second
resistive films having end parts 1n the second direction elec-
trically connected to each other and the plurality of lines of
the second resistive films are disposed to extend 1n the second
direction and arrayed in the first direction. At the time of
contact between the plurality of lines of first resistive films
and the plurality of lines of second resistive films, because the
resistance value varies even more greatly at the plurality of
lines of second resistive films, which extend i1n the second
direction, the detection performed by the detection device
becomes even easier.

[0013] The present touch sensor may be one wherein the
detection device detects a coordinate 1n the first direction of a
contact location between the first electrode and the second
clectrode based on a change in the resistance value detected
by impressing a first voltage that generates an electric poten-
tial difference 1n the first direction, and detects a coordinate 1n
the second direction of the contact location based on a change
in the resistance value detected by impressing a second volt-
age that generates an electric potential difference in the sec-



US 2015/0301660 Al

ond direction. Because the detection device detects the posi-
tion of the contact location at coordinates within a plane that
includes the first direction and the second direction, the appli-
cation of the touch sensor can be widened.

[0014] The present touch sensor may be one wherein the
plurality of lines of first resistive films are arranged into a
plurality of sets arrayed 1n the second direction; the at least
one line of second resistive film are arranged 1nto a plurality
of sets arrayed 1n the first direction; and the detection device
detects the coordinates in the first direction and the second
direction of a contact location based on a matrix of the plu-
rality of sets of the plurality of lines of first resistive films and
the plurality of sets of the at least one second resistive film.
Because the detection device detects the position of the con-
tact location at coordinates within a plane that includes the
first direction and the second direction, the application of the
touch sensor can be widened.

[0015] The present touch sensor may be one wherein the
second electrode includes a plurality of lines of the second
resistive films having end parts in the first direction electri-
cally connected to each other and the plurality of lines of the
second resistive films are disposed to extend 1n the first direc-
tion and arrayed 1n the second direction. The plurality of lines
of first resistive films and the plurality of lines of second
resistive films are disposed such that each line of the first
resistive films corresponds to one line of the second resistive
films. At the time of contact between the plurality of lines of
first resistive films and the plurality of lines of second resis-
tive films, because the resistance value varies even more
greatly at the plurality of lines of second resistive films, which
extend 1n the first direction, the detection performed by the
detection device becomes even easier.

[0016] The present touch sensor may be one that further
comprises: a first connecting member for electrically con-
necting together the end parts in the first direction of the
plurality of lines of the first resistive films; and a plurality of
resistance adding members that are connected between the
plurality of lines of firstresistive films and the first connecting,
member, each resistance adding member adding resistance to
the corresponding line of first resistive film. Because the
resistance value varies even more greatly at the time of con-
tact by the resistance adding members with the plurality of
lines of first resistive films, the detection performed by the
detection device becomes even easier.

[0017] The present touch sensor may be one that further
comprises: a pressure sensitive ink layer that 1s provided
between the plurality of lines of first resistive films and the at
least one second resistive film and whose resistance value
varies 1n accordance with the pressing force between the
plurality of lines of first resistive films and the at least one
second resistive film. Because the change 1n the resistance
value of the pressure sensitive ink layer in accordance with
the pressing force 1s further added to the resistance value
between the plurality of lines of first resistive films and the at
least one second resistive film, the detection of the pressing
force performed by the detection device becomes even easier.

[0018] Anelectronic device according to a second aspect of
the present invention comprises a touch sensor that includes:
a first electrode that comprises a plurality of lines of first
resistive films, the plurality of lines of first resistive films
being disposed to extend 1n a first direction and arrayed 1n a
second direction that intersects the first direction, whose end
parts 1n the first direction are electrically connected to each
other; a second electrode that comprises at least one second
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resistive film disposed opposing the plurality of lines of first
resistive films, the second electrode being arranged such that
contact surface area between the at least one line of second
resistive film and the plurality of lines of first resistive films
varies 1 accordance with a pressing force that narrows a
spacing between the plurality of lines of first resistive films
and the at least one second resistive film; and a detection
device that, based on a change 1n a resistance value from the
first electrode to the second electrode, detects a contact
between the plurality of lines of first resistive films and the at
least one second resistive film and detects the extent of the
contact surface area between the plurality of lines of first
resistive films and the at least one second resistive film; and
also comprises a control apparatus connected to the touch
sensor and that recerves input data related to contact between
the plurality of lines of first resistive films and the at least one
second resistive film detected by the detection device and
related to the extent of a contact surface area between the
plurality of lines of first resistive films and the at least one
second resistive film.

[0019] The present invention can provide, at low cost, a
touch sensor that, 1n conjunction with the detection of the
input operation, can perform detection related to the pressing
force during an 1nput operation; and, 1n turn, an electronic
device that comprises such a touch sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 1s a schematic drawing that shows an over-
view ol a touch sensor according to a first embodiment;

[0021] FIG. 2A 1s a schematic partial cross sectional view
ol a sensor panel that 1s being pressed with a small pressing
force, and FIG. 2B 1s a schematic partial cross sectional view
of the sensor panel that 1s being pressed with a large pressing
force;

[0022] FIG. 3 1s a schematic partial cross sectional view
that shows an overview of the layer structure of the sensor
panel;

[0023] FIG. 4A 1s a plan view that shows upper part elec-
trodes of FIG. 1 and wiring patterns at the peripheries thereot,
and FIG. 4B 1s a plan view that shows lower part electrodes of
FIG. 1 and wiring patterns at the peripheries thereof;

[0024] FIG. 5 1s a conceptual diagram for explaining the
relationship between the pressing force and the resistance
between one of the upper part electrodes and one of the lower
part electrodes;

[0025] FIG. 6 1s a graph that shows the relationship
between the pressing force and the resistance value for the
upper part electrode and the lower part electrode 1n FIG. §;

[0026] FIG. 7 1s a conceptual diagram for explaining the
relationship between the pressing force and the resistance
between an upper part electrode that comprises one upper part
resistive film and a lower part electrode that comprises one
lower part resistive film;

[0027] FIG. 8 1s a graph that shows the relationship
between the pressing force and the resistance value for the
upper part electrode and the lower part electrode 1n FIG. 7;

[0028] FIG. 9 1s a graph wherein the relationship between
the number of resistive films that make contact and the resis-
tance value 1s drawn for various lengths from a contact loca-
tion to a connection pattern;

[0029] FIG. 10 1s a schematic partial cross sectional view
that shows another example of the layer structure of the sen-
sor panel;
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[0030] FIG. 11 1s a schematic drawing that shows an over-
view ol the touch sensor according to a second embodiment;

[0031] FIG. 12A 1s a plan view that shows the upper part
electrode 1n FI1G. 11 and the wiring patterns at the peripheries
thereot, and FIG. 12B 1s a plan view that shows the lower part

clectrode 1n FIG. 11 and the wiring patterns at the peripheries
thereof;

[0032] FIG. 13A 1s a schematic drawing for explaining the
connection of a circuit during the detection of an X coordi-
nate, and FIG. 13B 1s a schematic drawing for explaining the
connection of the circuit during the detection of a’Y coordi-
nate,

[0033] FIG. 14A 1s a schematic drawing that shows the
circuit connection that detects the pressing force at locations
near the Y+ side and the X+ side, and FIG. 14B 1s a schematic
drawing that shows the circuit connection that detects the
pressing force at locations near the Y + side and the X- side;

[0034] FIG. 15A 1s a schematic drawing that shows the
circuit connection that detects the pressing force at locations
near the Y- side and the X - side, and FIG. 15B 1s a schematic
drawing that shows the circuit connection that detects the
pressing force at locations near the Y- side and the X+ side;

[0035] FIG.16A 1s aplan view that shows another example
of the upper part electrode 1n FIG. 11 and the wiring patterns
at the peripheries thereof, and FIG. 16B 1s a plan view that
shows another example of the lower part electrode 1n FIG. 11
and the wiring patterns at the peripheries thereof; and

[0036] FIG. 17A 1s an oblique schematic drawing that
shows an overview of the sensor panel according to a third
embodiment, and FIG. 17B 1s a side schematic drawing that
shows an overview of the touch sensor according to the third
embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

First Embodiment

(1) Overview of Configuration of Touch Sensor

[0037] FIG. 1 1s a schematic drawing that shows an over-
view of a touch sensor according to a first embodiment of the
present invention. A touch sensor 10 comprises a sensor panel
20, a microcontroller 50, switch circuits 60, 61, and a refer-
ence resistor 70. The touch sensor 10 shown 1n FIG. 1 1s
configured such that the position and the pressing force of
contact made by a finger or the like 1n order to perform an
input operation can be detected by a matrix resistive film type.

[0038] The sensor panel 20 1s connected to the reference
resistor 70 via the switch circuit 61. The reference resistor 70
has a constant resistance value. In addition, the sensor panel
20 1s connected to a DC supply 80 for applying a DC voltage
Vcc, via the switch circuit 60. In the reference resistor 70, one
terminal 1s connected to an output terminal of the switch
circuit 61, and the other terminal 1s connected to ground. The
microcontroller 50 1s connected to the one terminal of the
reference resistor 70 and recerves a voltage generated at the
one terminal of the reference resistor 70.

[0039] An mput terminal of the switch circuit 60 1s con-
nected to the DC supply 80, and four output terminals of the
switch circuit 60 are connected to upper part resistive films
31a, four sets of which are arrayed in the Y axial direction. In
response to a command from the microcontroller 50, the
switch circuit 60 switches the connection between the 1nput
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terminal and the output terminals, and thereby the DC voltage
Vcc1s sequentially impressed upon each of the four sets of the
upper part resistive films 31a.

[0040] Input terminals of the switch circuit 61 are con-
nected to lower part resistive films 324, three sets of which are
arrayed 1n the X axial direction. In response to a command
from the microcontroller 50, the switch circuit 61 switches
the connection between the input terminals and the output
terminal, and thereby the three sets of the lower part resistive
films 32a and the one terminal of the reference resistor 70 are
sequentially connected.

[0041] The microcontroller 50 comprises an A/D converter
51 and a detection device 52. The A/D converter 51 outputs a
digital signal in accordance with the value of the voltage that
arises at the one terminal of the reference resistor 70. The
detection device 52 detects, based on the digital signal output
from the A/D converter 51, the value of the voltage that arises
at the reference resistor 70, and detects both the coordinates at
which the upper part resistive films 31a and the lower part
resistive films 32a make contact owing to the input operation
and the pressing force of the input operation.

(2) Operation of Detection Device

[0042] In FIG. 1, a set of four upper part electrodes 31 are
denoted, 1n order from the one pointed at by an arrow Arl, a
first row, a second row, a third row, and a fourth row; a set of
three lower part electrodes 32 are denoted, 1n order from the
one pointed at by the arrow Arl, a first column, a second
column, and a third column; and the explanation below 1s
made accordingly. In addition, in the explanation below, the
coordinates of an overlapping portion between an M” row
upper part electrode 31 and an N” column lower part elec-
trode 32 are represented as (M, N). In the touch sensor 10 of
FIG. 1, M, N are natural numbers that satisty the conditions
1=M=4 and 1=N=3, respectively.

[0043] First, the switch circuit 60 connects the DC supply
80 to the first row upper part electrode 31. In this state, the
switch circuit 61 sequentially switches the connection from
between the first column lower part electrode 32 and the
reference resistor 70 to between the third column lower part
electrode 32 and the reference resistor 70. When the first row
upper part electrode 31 and the first column lower part elec-
trode 32 make contact, the microcontroller 50 detects a drop
in the resistance value between the first row upper part elec-
trode 31 and the first column lower part electrode 32 and
detects that there was an input operation at coordinates (1, 1),
namely, the overlapping portion between the first row upper
part electrode 31 and the first column lower part electrode 32.
[0044] Furthermore, while the switch circuit 60 sequen-
tially switches the connection from between the second row
upper part electrode 31 and the DC supply 80 to between the
fourth row upper part electrode 31 and the DC supply 80, the
switch circuit 61 repeatedly performs, with each row as
described above, the switching from the first column lower
part electrode 32 to the third column lower part electrode 32.
However, because a drop in the resistance value 1s not
detected outside of the overlapping portion between the first
row upper part electrode 31 and the first column lower part
clectrode 32, the microcontroller 50 detects that an 1nput
operation did not occur outside of the coordinates (1, 1).
[0045] In addition, 1f the microcontroller 50 detects that
there was an 1nput operation at the coordinates (1, 1), then 1t
also detects the pressing force during the nput operation.
FIG. 2 1s a view for explaining the relationship between the
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pressing force and the deformation of the sensor panel 20,
wherein FI1G. 2A shows the cross sectional shape of the sensor
panel 20 for the case wherein the pressing force 1s small, and
FIG. 2B shows the cross sectional shape of the sensor panel
20 for the case wherein the pressing force 1s large. In FIG. 2,
the sizes of arrows Ar2, Ar3 represent the magnitudes of the
pressing forces produced by a finger 100 of an operator.
Before explaining the detection of the pressing force in the
microcontroller 50, the structure of the sensor panel 20 will be
explained in detail, referencing FIG. 3.

(3) Structure of Sensor Panel

[0046] FIG. 3 shows an overview of the cross sectional
structure of the sensor panel 20. The sensor panel 20 1n FIG.
3 has a plurality of layers, which principally comprises: a
resin plate 21; a PET (polyethylene terephthalate) film 22,
which 1s layered on the resin plate 21; a PET film 23, which 1s
disposed opposing the PET film 22; an air layer 24, which 1s
formed between the two PET films 22, 23; and a hard coat film
25, which 1s disposed on the PET film 23.

[0047] To formthe airlayer 24, the two PET films 22, 23 are
attached to each other 1n a way that they oppose one another
and are spaced apart by a fixed length by a spacer 27 that
surrounds the perimeter of the air layer 24.

[0048] On a lower surface of the PET film 23, which 1s an
opposing surface that opposes the PET film 22, the upper part
electrode 31 1s formed. The upper part electrode 31 1s formed
of indium tin oxide (ITO) so that light can be transmitted
therethrough. On an upper surface of the PET film 22, which
1s an opposing surface that opposes the PET film 23, the lower
part electrode 32 1s formed. The lower part electrode 32 1s
formed of ITO so that light can be transmitted therethrough.
At the perimeter of the lower part electrode 32, dot spacers 28
are formed. The dot spacers 28 are formed of insulating
bodies made of acrylic urethane resin or the like and are
spaced apart from each other by a constant spacing. The dot
spacers 28 are formed by printing or the like and prevent the
upper part electrodes 31 and the lower part electrodes 32 from
making contact at portions where an input operation 1s not
being performed.

[0049] The hard coat film 25 has greater hardness and
scratch resistance than the PET films 22, 23, has good recov-
erability characteristics with respect to damage, and 1s made
of, for example, PET resin, polyimide, or the like.

[0050] Attheperimeter of thelower partelectrode 32 on the
upper surface of the PET film 22 and at the perimeter of the
upper part electrode 31 on the lower surface of the PET film
23, metal wiring patterns 33, 34 are formed of a silver paste,
copper foil, or the like. A flexible printed circuits 29 (herein-
below, called FPC), which 1s for making a connection to the
switch circuits 60, 61, 1s connected to the metal wiring pat-
terns 33, 34. FIG. 4A shows one example of a pattern on the
lower surface of the PET film 23, and FIG. 4B shows one
example of a pattern on the upper surface of the PET film 22.
In the example shown 1n FIG. 4A, five sets of the upper part
resistive films 31a are provided, each set having six lines of
upper part resistive films 31a extending in the X axial direc-
tion and arrayed 1n the Y axial direction. In each set, the six
lines of upper part resistive films 31a are connected together
by a connection pattern 315 at one end 1n the X axial direction.
In the example shown 1n FIG. 4B, seven sets of the lower part
resistive films 32a are provided, each set having seven lower
part resistive films 32a extending in the Y axial direction and
arrayed 1n the X axial direction. In each set, the seven lines of
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lower part resistive films 32a are connected together by a
connection pattern 325 at one end 1n the Y axial direction.

(4) Detection of Pressing Force by the Sensor Panel

[0051] In the sensor panel 20, when the pressing force 1s
small, for example, 1n the case shown in FIG. 2A, only one
line of the lower part resistive films 32a makes contact with
the upper part resistive films 31a. Although not shown 1n FIG.
2A, likewise, the number of the upper part electrodes 31 that
makes contact with the lower part electrode 32 is also one
line. In contrast, when the pressing force 1s large, for example,
in the case shown in FIG. 2B, the number of the lower part
resistive films 32a that makes contact with the upper part
resistive films 31a 1s three lines. Although not shown 1n FIG.
2B, likewise, the number of the upper part electrodes 31 that
makes contact with the lower part electrodes 32 1s also three
lines. Furthermore, the number of lines of the upper part
clectrodes 31 and the lower part electrodes 32 that makes
contact as shown herein 1s merely one example; depending on
the way that the pressing 1s done, differences may arise in the
number of lines of the upper part electrodes 31 and the lower
part electrodes 32 that makes contact.

[0052] FIG. 51s a view wherein, for example, the first row
upper part electrode 31 and the first column lower part elec-
trode 32 shown 1n FIG. 1 are extracted. A resistance measur-
ing apparatus 90 1n FIG. 5 1s an apparatus that measures a
resistance value from the upper part electrode 31 to the lower
part electrode 32 and 1s an apparatus that comprises, for
example, the microcontroller 50, the switch circuits 60, 61,
and the reterence resistor 70 shown 1n FIG. 1. The resistances
of the metal wiring patterns 33, 34 shown 1n FIG. 5 are
sufficiently small compared with the upper part resistive films
31a and the lower part resistive films 32a. Consequently, even
if the resistances of the metal wiring patterns 33, 34 are
ignored during the detection of the pressing force, the press-
ing force may be detected. However, to improve accuracy, the
pressing force may be detected while taking into consider-
ation the resistances of the metal wiring patterns 33, 34.
[0053] A comparison between the state shown 1n FIG. 2A,
wherein the pressing force 1s comparatively small, and the
state shown 1n FIG. 2B, wherein the pressing force 1s com-
paratively large, will now be explained. First, in the state
shown 1n FIG. 2A, a contact resistance Rcont arises at a
contact location where one line of upper part resistive film
31a and one line of lower part resistive film 32a make contact.
The resistance value of one line of upper part resistive film
31a, from this contact location to the connection pattern 315,
1s a resistance value RA of the upper part electrode 31 1n the
state shown 1n FIG. 2A. In addition, the resistance value of
one line of lower part resistive film 32a, from the contact
location to the connection pattern 325, 1s a resistance value
RB of the lower part electrode 32 in the state shown 1n FIG.
2 A . Next, in the state shown 1n FIG. 2B, the contact resistance
Rcont arises at the contact location where three lines of upper
part resistive films 31a and three lines of lower part resistive
films 32a make contact. The resistance value of the parallel
connection of the three lines of upper part resistive films 31a,
from the contact location to the connection pattern 315, 1s the
resistance value RA of the upper part electrode 31 in the state
shown 1n FIG. 2B. In addition, the resistance value of the
parallel connection of the three lines of lower part resistive
films 32a, from the contact location to the connection pattern
32b, 1s the resistance value RB of the lower part electrode 32
in the state shown in FIG. 2B.
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[0054] In contrast with the state shown 1 FIG. 2A, where
there 1s one contact point, there are nine contact points in the
state shown 1n FIG. 2B. Therefore it 1s understood that the
contact resistance Rcont 1n the state shown in FIG. 2B 1s
smaller. In addition, because every line of upper part resistive
film 31a 1s formed 1n the same manner, 1t 1s obvious that the
resistance value RA 1n the state shown in FIG. 2B 1s approxi-
mately one third of the resistance value RA of the upper part
electrode 31 1n the state shown 1n FIG. 2 A. Likewise, because
every line of lower part resistive film 32a 1s formed 1n the
same mannetr, 1t 1s also obvious that the resistance value RB in
the state shown 1n FIG. 2B 1s approximately one third of the
resistance value RB of the lower part electrode 32 in the state
shown i FIG. 2A. The resistance value measured by the
resistance measuring apparatus 90 1s derived based on the
sum of the contact resistance Rcont, the resistance value RA,
and the resistance value RB. In such a configuration of the
sensor panel 20, the contact resistance Rcont 1s sufficiently
small compared with the resistance value RA and the resis-
tance value RB, and consequently the magnitudes of the
pressing forces 1n the state shown in FIG. 2A and the state
shown 1n FIG. 2B can be detected based on the sums of the
resistance value RA and the resistance value RB. In this case,
because the sum of the resistance value RA and the resistance
value RB 1n the state shown 1n FIG. 2B 1s approximately one
third of the sum of the resistance value RA and the resistance
value RB 1n the state shown in FIG. 2A, 1t can be easily
detected that the pressing force in the state shown 1n FIG. 2B
1s larger.

[0055] The graph in FIG. 6 generalizes the above explana-
tion and shows the relationship between the pressing force
and the resistance value. In FIG. 6, up until a pressing force P0
occurs, the upper part electrode 31 and the lower part elec-
trode 32 do not make contact, and therefore the contact resis-
tance Rcont, the resistance value RA of the upper part elec-
trode 31, the resistance value RB of the lower part electrode
32, and the resistance value Rcont+RA+RB measured by the
resistance measuring apparatus 90 are extremely large values
that exceed the measurable level. At a pressing force P1, a
state results wherein, for example, two lines of upper part
resistive films 31a and two lines of lower part resistive films
32a make contact. In the graph shown 1n FIG. 6, the change 1n
the resistance value at each step of the graph, which changes
in a stepped manner, 1s large, but the graph can also be made
to approach a smooth curve by increasing the number of lines
of upper part resistive films 31a 1n one set and the number of
lines of lower part resistive films 32a 1n one set.

[0056] Here, to assist in understanding the principle of the
detection of the pressing force, changes in the resistance
values that arise 1n a conventional upper part electrode 131
and a conventional lower part electrode 132 are shown 1n FIG.
7 and FIG. 8. As shown 1n FIG. 7, 1n the upper part electrode
131 and the lower part electrode 132, the number of lines of
the resistive films does not vary with the contact surface area.
Accordingly, both the resistance value RA of the upper part
electrode 131 and the resistance value RB of the lower part
electrode 132 do not vary with the pressing force after contact
1s made. In addition, even though the contact resistance Rcont
of the upper part electrode 131 and the contact resistance
Rcont of the lower part electrode 132 vary, the resistance
values do not vary sufliciently so that they can be stably
measured. Thus, because the upper part electrode 131 and the
lower part electrode 132 do not have shapes like those of the
upper part resistive films 31a and the lower part resistive films
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32a, stable measurement of the pressing force 1s difficult
when using a sensor panel that comprises the upper part
clectrode 131 and the lower part electrode 132 as in the
conventional art.

(5) Detection of Pressing Force by the Detection
Device

[0057] Therelationship between the pressing force and the
resistance value at the same coordinates was explained refer-
encing FIG. 5. If the pressing forces are the same but the
coordinates are different, then the contact resistance value
Rcont 1s the same; nonetheless, the value of the resistance
value RA of the upper part electrode 31 and the value of the
resistance value RB of the lower part electrode 32 will differ
in accordance with the coordinates. For example, the number
of lines of the upper part resistive films 31a of the upper part
clectrode 31 that makes contact 1s substantially the same 1f the
pressing force 1s the same. However, 11 the length of the upper
part resistive films 31a from the contact location to the con-
nection patterns 315 varies 1n accordance with the coordi-
nates, then the resistance value RA will also differ as the X
coordinates differ.

[0058] Accordingly, the detection device 52 1s configured
such that 1t 1s capable of acquiring information that indicates
the relationship between the coordinates and the resistance
values RA, RB. FIG. 9 shows, for each distance, the relation-
ship between the number of lines of resistive films that makes
contact and the resistance value between the contact location
and the connection pattern. The detection device 52, for
example, stores a relational expression or data for deriving the
relationship similar to that shown in FIG. 9. Alternatively, a
configuration may be adopted such that the relational expres-
sion, data, or the like for deriving the relationship similar to
that shown 1n FIG. 9 1s read from an internal or external
storage unit (not shown) of the microcontroller 50.

[0059] In addition, the detection device 52 1s configured
such that 1t can acquire data for calculating, based on the
coordinates, the lengths between the contact location and the
connection patterns 315, 32b6. For example, the detection
device 52 stores a relational expression or data for calculat-
ing, based on the coordinates, the lengths between the contact
location and the connection patterns 315, 325. Alternatively,
a configuration may be adopted such that such a relational
expression, data, or the like 1s read from an 1internal or external
storage unit (not shown) of the microcontroller 50.

(6) Operational Effects of the First Embodiment

[0060] The touch sensor 10 according to the first embodi-
ment comprises the upper part electrodes 31 (one example of
first electrodes), the lower part electrodes 32 (one example of
second electrodes) and the detection device 52. The upper
part electrodes 31 are disposed such that they extend in the X
axial direction (one example of a first direction) and are
arrayed 1n the Y axial direction (one example of a second
direction) that intersects the X axial direction. Furthermore,
each upper part electrode 31 comprises six lines of upper part
resistive films 31a (one example of first resistive films) whose
end parts 1n the X axial direction are electrically connected to
cach other by the connection pattern 315. The lower part
clectrodes 32 are disposed opposing the upper part resistive
films 31a and comprise the lower part resistive films 32a,
whose contact surface area with the upper part resistive films
31a varies, as shown 1n FIG. 2A and FIG. 2B, 1n accordance
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with a pressing force that narrows the spacing between the
upper part resistive films 31a and the lower partresistive films
32a. For example, 1n the configuration explained 1n FIG. 1,
the detection device 52 detects contact between the six lines
of upper part resistive films 31a and the seven lines of lower
part resistive films 32a based on the change 1n the resistance
from the upper part electrodes 31 to the lower part electrodes
32.

[0061] Because the resistance value changes at the time of
contact between the upper part resistive films 31a and the
lower part resistive films 324, the touch sensor 10 can detect,
as 1n the conventional art, an input operation performed on the
touch sensor 10. Meanwhile, at the time of contact between
the six lines of upper part resistive films 31a and the seven
lines of lower part resistive films 32a, because the resistance
value RA greatly varies in accordance with the number of
lines of the upper part resistive films 31a, which extend in the
X axial direction, that makes contact, the magnitude of the
pressing force during the input operation can be detected
based on the extent of the contact surface area between the
upper part resistive films 31a and the lower part resistive films
32a, which can be easily detected by the detection device 52.
[0062] Likewise, i the touch sensor 10, seven lines of the
lower part resistive films 32a, whose end parts 1n the Y axial
direction are electrically connected together by the connec-
tion pattern 325, are also disposed such that they extend 1n the
Y axial direction and are arrayed 1n the X axial direction.
Because the resistance value RB varies greatly 1n accordance
with the number of lines of the lower part resistive films 32a,
which extend in the Y axial direction, that makes contact with
the upper part resistive films 31a, the detection performed by
the detection device 52 becomes easy.

[0063] In addition, in the example shown in FIG. 1, the
touch sensor 10 1s provided with the four sets of six lines of
upper part resistive films 31q arrayed 1n the Y axial direction
and the three sets of seven lines of lower part resistive films
32a arrayed 1n the X axial direction. Furthermore, the detec-
tion device 52 can detect the contact location by the coordi-
nates within the XY plane of the matrix of the four sets of
upper part resistive films 31a and the three sets of lower part
resistive films 32a. For example, the touch sensor 10 of this
type can be adapted to an electronic device wherein, 11 the
touch sensor 10 1s provided on a surface of an LCD of the
electronic device, then an input can be performed while the
display 1s being viewed. A smart phone, a tablet PC, a portable
music player, a mobile phone, an electronic book reader, an
IC recorder, and the like are examples of such electronic
devices. Although not illustrated, if the microcontroller 50 of
the touch sensor 10 1s connected to a central processing unit
(one example of a control apparatus) of an electronic device,
then the XY coordinates and the pressing force on the surface
of the LCD of the electronic device at which an iput opera-
tion has been performed by a finger or the like can be input
into the central processing unit (CPU) or the like. Further-
more, the location at which the touch sensor 10 1s provided 1s
not limited to the surface of an LCD and may be some other
locations such as a surface of a casing of an electronic device.
Furthermore, the input into the electronic device wherein the
touch sensor 10 1s used 1s not limited to being performed
while the display 1s being viewed.

(7) Modified Example 1A

[0064] The abovementioned first embodiment described a
case wherein the upper part resistive films 31a and the lower
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part resistive films 32a make direct contact, but the upper part
resistive films 31a and the lower part resistive films 32a may
make contact via another member. For example, as shown in
FIG. 10, a pressure sensitive ink layer 35 may be provided on
the lower surface of the upper part resistive films 31a. It the
pressure sensitive 1k layer 35 1s provided like this, then the
contact resistance Rcont when the upper part resistive films
31a and the lower part resistive films 32a make contact can be
made to vary greatly 1n accordance with the pressing force. As
a result, 1t becomes possible for the contact resistance Rcont
shown 1n FIG. 9 to contribute to the detection of the pressing
force 1n the detection device 52.

Second Embodiment

(8) Overview of Configuration of Touch Sensor

[0065] FIG. 11 1s a schematic drawing that shows an over-
view of the touch sensor according to a second embodiment
of the present invention. A touch sensor 10A comprises a
sensor panel 20A, a microcontroller 50A, switch circuits
60A, 61A,62A, 63A, and a reference resistor 70A. The touch
sensor 10A shown 1n FIG. 11 detects, using a four-wire ana-
log resistive type sensor, the position and the pressing force of
contact made by a finger or the like 1n order to perform an
input operation.

[0066] The sensor panel 20A 1s configured such that 1t can
connect to the reference resistor 70A via the switch circuit
61A. The reference resistor 70A has a constant resistance
value. In addition, the sensor panel 20A 1s connected to the
DC supply 80, which impresses a DC voltage Vcc, via the
switch circuit 60A. One terminal of the reference resistor 70A
1s connected to an output terminal of the switch circuit 61A,
and the other terminal of the reference resistor 70A 1s con-
nected to ground. The microcontroller 50A 1s configured such
that 1t can connect to the one terminal of the reference resistor
70A or to a connection pattern 32Ab2 via the switch circuit
62A and inputs a voltage generated by the reference resistor
70A or the connection pattern 32Ab2. Furthermore, the sen-
sor panel 20A 1s configured such that 1t can connect to ground
via the switch circuit 63A.

[0067] An mnput terminal of the switch circuit 60A 1s con-
nected to the DC supply 80. Three output terminals of the
switch circuit 60A are connected to connection patterns
31Abl, 31 Ab2 on two ends of upper part resistive films 31 Aa
extending in the X axial direction and to the connection
pattern 32Ab2 of lower part resistive films 32Aa extending in
the Y axial direction. The switch circuit 60A switches the
connection between the mput terminal and the output termi-
nals 1n response to a command from the microcontroller S0A,
and thereby the DC voltage Vcc 1s impressed on any of the
three connection patterns 31Abl, 31Ab2, 32Ab2.

[0068] The switch circuit 61 A has three input terminals and
one output terminal and connects the output terminal to an
input terminal selected among the three mnput terminals.
[0069] 'Two of the input terminals of the switch circuit 61 A
are connected to a connection pattern 32Ab1 and the connec-
tion pattern 32Ab2 on two ends of the lower part resistive
films 32Aa extending 1n the Y axial direction. In addition, the
remaining one input terminal 1s not connected to anything and
1s 1n an open state. Furthermore, the output terminal of the
switch circuit 61A 1s connected to the one terminal of the
reference resistor 70A. Based on such a circuit configuration,
the switch circuit 61A switches the connection between the
input terminals and the output terminal 1n response to a com-
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mand from the microcontroller 50A, and thereby the one
terminal of the reference resistor 70A and either of the two
connection patterns 32Ab are connected, or the one terminal
of the reference resistor 70 A 1s not connected to anything and
1S 1n an open state.

[0070] The switch circuit 62 A has three input terminals and
one output terminal and connects the output terminal to an
input terminal selected among the three input terminals. One
of the input terminals of the switch circuit 62 A 1s connected to
the connection pattern 32Ab2, another input terminal 1s con-
nected to the connection pattern 31Ab1 of the upper part
resistive films 31Aa, and yet another input terminal 1s con-
nected to the one terminal of the reference resistor 70A.
Furthermore, the output terminal of the switch circuit 62A 1s
connected to an A/D converter 51 A 1n the microcontroller
50A. Based on such a circuit configuration, the switch circuit
62 A switches the connection between the input terminals and
the output terminal 1n response to a command from the micro-
controller 50A and thereby the A/D converter S1A 1s con-
nected to the connection pattern 32Ab2 of the lower part
resistive films 32Aa, the connection pattern 31Abl of the
upper part resistive films 31Aa, or the one terminal of the
reference resistor 70A.

[0071] The microcontroller 50A comprises the A/D con-
verter S1A and a detection device S2A. The A/D converter
51A outputs a digital signal 1n accordance with the value of a
voltage that arises at the connection pattern 31Abl of the
upper part resistive films 31Aa, the connection pattern 32Ab2
of the lower part resistive films 32Aa, or the one terminal of
the reference resistor 70A. The detection device 52 A senses,
based on the digital signal output from the A/D converter
51A, the value of the voltage that arises at the reference
resistor 70A and detects both the coordinates at which the
upper part resistive films 31Aa and the lower part resistive
films 32Aa make contact due to the input operation and the
pressing force produced by that input operation.

(9) Structure of Sensor Panel

[0072] The cross sectional structure of the sensor panel
20A 1s the same as the cross sectional structure of the sensor
panel 20 shown i FIG. 3, and therefore an explanation
thereof 1s omitted. FIG. 12A shows one example of a pattern
on a lower surface of a PET film 23A, and FIG. 12B shows
one example of a pattern on an upper surface of a PET film
22A. Inthe example shown 1n FIG. 12 A, numerous upper part
resistive films 31 Aa, which are disposed such that they extend
in the X axial direction and are arrayed in the Y axial direc-
tion, are provided on the lower surface of the PET film 23A.
Two ends of the upper part resistive films 31 Aa 1n the X axial
direction are connected respectively to two connection pat-
terns 31Ab. In the example shown 1n FIG. 12B, numerous
lower part resistive films 32 Aa, which are disposed such that
they extend in the Y axial direction and are arrayed in the X
axial direction, are provided on the upper surface of the PET
film 22A. Two ends of the lower part resistive films 32Aa 1n
the Y axial direction are connected respectively by two con-
nection patterns 32Ab.

(10) Operation of Detection Device

[0073] The four-wire analog resistive type touch sensor
10A shown 1n FIG. 11 detects, using a method that1s the same
as a conventional method, the coordinates at which the upper
part resistive films 31Aa and the lower part resistive films
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32Aa make contact due to an mput operation. Because the
detection of the coordinates 1s performed 1n the same manner
as 1n the conventional art, the connection state of the touch
sensor will be explained herein, but an explanation of the
detection operation performed at that time 1s omitted.

[0074] The detection of the X coordinate 1s performed, as
shown 1 FIG. 13A, by the switch circuits 60A, 61A, 62A,
63 A impressing the DC voltage Vcc on the connection pattern
31Ab2 of the upper part resistive films 31 Aa and grounding
the connection pattern 31 Abl of the upper part resistive films
31Aa. At this time, the A/D converter 51 A 1s connected to the
connection pattern 32Ab2 of the lower part resistive films
32Aa. Furthermore, the one terminal of the reference resistor
70 1s 1n the open state due to the switch circuits 61A, 62A, and

the reference resistor 70 1s not connected to the sensor panel
20A.

[0075] The detection of the Y coordinate 1s performed, as
shown 1 FIG. 13B, by the switch circuits 60A, 61A, 62A,
63 A impressing the DC voltage Vcc on the connection pattern
32Ab2 of the lower part resistive films 32Aa and grounding
the connection pattern 32Ab1 of the lower part resistive films
32Aa. At this time, the A/D converter 51 A 1s connected to the
connection pattern 31Ab1 of the upper part resistive films
31Aa. At this time, the one terminal of the reference resistor
70 1s 1n the open state due to the switch circuits 61A, 62A, and
the reference resistor 70 1s not connected to the sensor panel

20A.

[0076] The detection of the pressing force 1s performed by
splitting, into four parts, the area wherein an upper part elec-
trode 31 A and a lower part electrode 32 A overlap. The micro-
controller 50A determines whether the input operation 1s near
the connection pattern 31Ab1 on the Y+ side or near the
connection pattern 31Ab2 on the Y- side and determines
whether the input operation i1s near the connection pattern
32Ab1 on the X+ side or near the connection pattern 32Ab2
on the X- side.

[0077] Forexample, if a location indicated by an arrow Ar4
1s pressed and the upper part resistive film 31 Aa and the lower
part resistive film 32 Aa at that portion make contact, then the
resistance from the connection pattern 31 Ab1 on the Y+ side
to the connection pattern 32Abl on the X+ side 1s at its
smallest. Accordingly, the detection of the coordinates and
the detection of the pressing force are performed between the
connection pattern 31Abl on the Y+ side and the connection
pattern 32Ab1 on the X+ side, where the resistance 1s small-
est. Under such circumstances the value of resistance change
become apparent 1n the number of lines of the upper part
resistive films 31Aa and the lower part resistive films 32Aa
that makes contact.

[0078] Thus, when pressed at the location indicated by the
arrow Ard4, as shown 1n FIG. 14A, the DC supply 80 1s con-
nected to the connection pattern 31Ab1 of the upper part
resistive film 31Aa by the switch circuit 60A, and the one
terminal of the reference resistor 70A 1s connected to the X+
side connection pattern 32Ab1 of the lower part resistive film
32Aa by the switch circuits 61A, 62A. In addition, for
example, as shown 1n FIG. 11, 1n the switch circuit 63 A, the
position at which the sensor panel 20A 1s not grounded 1s
selected. Furthermore, the value of the voltage of the connec-
tion pattern 32Ab1 1s converted to a digital signal by the A/D
converter 51 A. The pressing force 1s detected by the detection
device 52A using this digital signal.

[0079] The connections m FIG. 11 are the same as the
connections 1n FIG. 14A and show a case wherein the DC



US 2015/0301660 Al

supply 80 1s connected to the upper part electrode 31A, the
DC voltage Vcc 1s impressed 1n the Y axial direction, the
lower part electrode 32A 1s connected to the microcontroller
50A, and the pressing force 1s detected.

[0080] Moreover, 1f the pressed location 1s near the connec-
tion pattern 31Ab1 on the Y+ side and near the connection
pattern 32Ab2 on the X-side, then, as shown in FIG. 14B, the
DC supply 80 1s connected to the connection pattern 31 Ab1 of
the upper part resistive film 31 Aa by the switch circuit 60A. In
addition, at this time, the one terminal of the reference resistor
70A 1s connected to the X~ side connection pattern 32Ab2 of
the lower part resistive film 32 Aa by the switch circuits 61A,
62A. The value of the voltage of the connection pattern
32Ab2 1s converted to a digital signal by the A/D converter
51A, and the pressing force 1s detected by the detection device
52 A. Furthermore, at this time, in the switch circuit 63 A, the
position at which the sensor panel 20A 1s not grounded 1s
selected.

[0081] In addition, 1t the pressed location 1s near the con-
nection pattern 31 Ab2 on the Y- side and near the connection
pattern 32Ab2 on the X- side, then, as shown in FIG. 15A, the
DC supply 80 1s connected to the connection pattern 31 Ab2 of
the upper part resistive film 31 Aa by the switch circuit 60A. In
addition, at this time, the one terminal of the reference resistor
70A 1s connected to the X~ side connection pattern 32Ab2 of
the lower part resistive film 32Aa by the switch circuits 61A,
62A. The value of the voltage of the connection pattern
32Ab2 1s converted to a digital signal by the A/D converter
51A, and the pressing force 1s detected by the detection device
52 A. Furthermore, at this time, 1n the switch circuit 63 A, the
position at which the sensor panel 20A 1s not grounded 1s
selected.

[0082] In addition, 1f the pressed location 1s near the con-
nection pattern 31 Ab2 on the Y - side and near the connection
pattern 32Ab1 on the X+ side, then, as shown 1n FIG. 15B, the
DC supply 80 1s connected to the connection pattern 31 Ab2 of
the upper part resistive film 31 Aa by the switch circuit 60A. In
addition, at this time, the one terminal of the reference resistor
70A 1s connected to the X+ side connection pattern 32Ab1 of
the lower part resistive film 32Aa by the switch circuits 61A,
62A. The value of the voltage of the connection pattern
32Abl 1s converted to a digital signal by the A/D converter
51A, and the pressing force 1s detected by the detection device
52 A. Furthermore, at this time, 1n the switch circuit 63 A, the
position at which the sensor panel 20A 1s not grounded 1s
selected.

[0083] This 1s performed repetitively, and the microcon-
troller SOA selects one circuit connection among the circuit
connections shown 1n FIG. 14A, F1G. 14B, FIG. 15A, or FIG.
15B according to the XY coordinates of the pressing location
obtained based on the circuit connections 1n FIG. 13A and

FIG. 13B.

[0084] Although omitted from the explanation, as in the
detection device 52 of the first embodiment, the detection
device 52A of the second embodiment 1s also configured such
that 1t 1s capable of acquiring information that indicates the
relationship between the coordinates and the resistance val-
ues RA, RB. The detection device 52A stores, for example,
the relational expression or data for deriving the relationship
similar to that shown in FIG. 9. Alternatively, a configuration
may be adopted such that the relational expression, data, or
the like for deriving the relationship similar to that shown in
FIG. 9 1s read from an internal or external storage umit (not
shown) of the microcontroller S0A.
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[0085] In addition, the detection device 52A 1s configured
such that 1t 1s capable of acquiring data for calculating, based
on the coordinates, the lengths between the contact location
and the connection patterns 31Ab, 32Ab. For example, the
detection device 52 A stores a relational expression or data for
calculating, based on the coordinates, the lengths between the
contact location and the connection patterns 31Ab, 32Ab.
Alternatively, a configuration may be adopted such that the
relational expression, data, or the like of this type 1s read from
an 1nternal or external storage unit (not shown) of the micro-
controller 50A.

[0086] Furthermore, 1f the detection device 52A 1s config-
ured such that no same resistance values are obtained in
accordance with the coordinates and the pressing force, do
not overlap, then the coordinates and the pressing force can be
detected simultaneously. For example, if the sensor panel
20A 1s configured such that two lines of the resistive films are
connected when the pressing force 1s large and one line of the
resistive films 1s connected when the pressing force 1s small,
then the change in the resistance value due to the pressing
force will either be the resistance value of one line of resistive
film or one half of that value. Accordingly, 11 the range of the
change 1n the resistance value due to the coordinates 1s made
smaller than one half of the resistance value of one line of
resistive film, then the resistance value due to the combination
of the coordinates and the pressing force can be uniquely
determined.

(11) Operational Effects of Second Embodiment

[0087] The touch sensor 10A according to the second
embodiment comprises the upper part electrode 31A (one
example of the first electrode), the lower part electrode 32A
(one example of the second electrode), and the detection
device 52A. The upper part electrode 31A 1s disposed such
that 1t extend 1n the X axial direction (one example of the first
direction) and 1s arrayed 1n the Y axial direction (one example
of the second direction), which intersects the X axial direc-
tion. The upper part electrode 31 A comprises multiple lines
of upper part resistive films 31Aa (one example of the first
resistive films) whose end parts 1n the X axial direction are
clectrically connected to each other by the connection pat-
terns 3 1Ab. The lower part electrode 32A 1s disposed oppos-
ing the upper part resistive films 31Aa, the lower part elec-
trode 32A comprising the lower part resistive films 32Aa
whose contact surface area with the upper part resistive films
31Aa varies, as shown 1n FIG. 2A, FIG. 2B, and the like, in
accordance with the pressing force that narrows the spacing to
the upper part resistive films 31 Aa. The detection device S2A
detects contact between the upper part resistive films 3 1Aa
and the lower part resistive films 32 Aa based on the change 1n
the resistance from the upper part electrode 31A to the lower
part electrode 32A.

[0088] Because the resistance value varies at the time of
contact between the upper part resistive films 31Aa and the
lower part resistive films 32Aa, the touch sensor 10A can
detect, as in the conventional art, an input operation per-
formed on the touch sensor 10A. Moreover, at the time of
contact between the upper part resistive films 31Aa and the
lower part resistive films 32 Aa, because the resistance value
RA varies greatly in accordance with the number of lines of
the upper part resistive films 31Aa, which extend 1n the X
axial direction, that makes contact, the magnitude of the
pressing force during the input operation can be detected
based on the extent of the contact surface area between the
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upper part resistive films 31Aa and the lower part resistive
films 32Aa, which can be easily detected by the detection
device S2A.

[0089] Likewise, in the touch sensor 10A, multiple lines of
lower part resistive films 32 Aa, whose end parts in the Y axial
direction are electrically connected to each other by the con-
nection patterns 32Ab, are also disposed such that they extend
in the Y axial direction and are arrayed 1n the X axial direc-
tion. At the time of contact between the upper part resistive
films 31Aa and the lower part resistive films 32Aa, because
the resistance value RB varies greatly 1in accordance with the
number of lines of the lower part resistive films 32Aa, which
extend 1n the Y axial direction, that makes contact, the detec-
tion performed by the detection device 52 A becomes easy.

[0090] In addition, the touch sensor 10A 1s provided with
the multiple lines of upper part resistive films 31 Aa, which are
arrayed 1n the Y axial direction, and 1s provided with the
multiple lines of lower part resistive films 32Aa, which are
arrayed 1n the X axial direction. Furthermore, the detection
device 52 A can detect the contact location at the coordinates
within the XY plane using a four-wire analog resistive type
sensor wherein the upper part resistive films 31 Aa and lower
part resistive films 32Aa are used. For example, 1t the touch
sensor 10A of this type 1s provided to the surface of an LCD,
it can be used as a touch panel. For example, if the touch
sensor 10A of this type 1s provided to the surface of an LCD
of an electronic device and the microcontroller S0A 1s con-
nected to the CPU of the electronic device, then the ability to
input, mto the CPU, the XY coordinates and the pressing
force on the surface of the LCD at which an input operation
was performed by a finger or the like 1s the same as i1n the
touch sensor 10 of the first embodiment. In addition, as in the
touch sensor 10, the location at which the touch sensor 10A 1s
provided 1s also not limited to the surface of an LCD, and may
be some other locations such as the surface of a casing of an
electronic device. Furthermore, the input 1nto the electronic
device wherein the touch sensor 10A 1s used 1s also not
limited to being performed while the display 1s being viewed.

(12) Modified Example 2A

[0091] The  abovementioned second embodiment
described the case wherein the upper part resistive films 31 Aa
and the lower part resistive films 32Aa are directly connected
to the connection patterns 31Ab, 32Ab, which have high
electrical conductivity, but the upper part resistive films 31 Aa
and the lower part resistive films 32Aa may be connected to
the connection patterns 31 Ab, 32Ab via high resistance mem-
bers 36, 37 (an example of resistance adding members) as
shown 1n FIG. 16A and FIG. 16B. The high resistance mem-
bers 36, 37 can be formed of, for example, carbon paste or the
like. Thus increasing the resistance value of each resistive
film of the upper part resistive films 31Aa and the lower part
resistive films 32 Aa makes 1t possible to increase the change
in the resistance value attributable to the number of lines of
the resistive films that makes contact. Thereby, it becomes
casier to detect the change 1n the pressing force.

Third Embodiment

(13) Overview of Configuration of Touch Sensor

[0092] The touch sensors 10, 10A of the abovementioned
first embodiment and second embodiment can detect both the
XY coordinates and the pressing force; however, the present
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invention can also be adapted to a simple configuration
wherein 1t 1s possible to detect contact and non-contact and to
detect the pressing force. In a touch sensor 10B shown 1n FIG.
17A and FIG. 17B, six lines of upper part resistive films 31Ba
(one example of the first resistive films) of an upper part
clectrode 31B (one example of the first electrode), which are
formed of a transparent electrically conductive film such as
ITO, are disposed such that they extend 1n the X axial direc-
tion (one example of the first direction) and are arrayed 1n the
Y axial direction (one example of the second direction). Fur-
thermore, six lines of lower part resistive films 32Ba (one
example of second resistive films) of a lower part electrode
32B (one example of the second electrode), which are formed
ol a transparent electrically conductive film such as ITO, are
disposed such that they extend 1n the X axial direction and are
arrayed in the Y axial direction. In addition, the touch sensor
10B comprises a reference resistor 70B. Although not 1llus-
trated in FIG. 17A and FIG. 17B, amicrocontroller 50B of the
touch sensor 10B likewise has the same configuration as the

microcontrollers 50, 50A, which comprise the A/D converters
51, 51A and the detection devices 52, 52A.

[0093] The end parts 1in the X axial direction of the six lines
of upper part resistive films 31Ba are electrically connected to
cach other by a connection pattern 31Bb, and the end parts 1n
the X axial direction of the six lower part resistive films 32Ba
are electrically connected to each other by a connection pat-
tern 32Bb. The six lines of upper part resistive films 31Ba and
the six lines of lower part resistive films 32Ba are disposed
such that they have a one-to-one correspondence to one
another. At the time of contact between the six upper part
resistive films 31Ba and the six lower part resistive films
32Ba, because the resistance value varies greatly at the upper
part resistive films 31Ba and the lower part resistive films
32Ba, which extend 1n the X axial direction, the detection
performed by the detection device becomes easy.

(14) Modified Example 3A

[0094] The abovementioned third embodiment described a
case wherein there 1s a multiple lines of both the upper part
resistive films 31Ba of the upper part electrode 31B and the
lower part resistive films 32Ba of the lower part electrode
32B, but the third embodiment may comprise just one line of
upper part resistive film 31Ba or one line of lower part resis-
tive film 32Ba, as in the upper part electrode 131 and the lower
part electrode 132 shown in FIG. 7.

(15) Modified Example 3B

[0095] The abovementioned third embodiment described a
case wherein the upper part electrode 31B and the lower part
clectrode 32B are transparent electrodes made of ITO or the
like, but the upper part electrode 31B, the lower part electrode
32B, the connection patterns 31Bb, 32Bb, and the wiring
patterns (not shown) connected thereto can also all be made of
an opaque electrode material, such as silver paste, copper thin
film, or the like.

[0096] The above described an embodiment of the present
invention, but the present invention 1s not limited to the
abovementioned embodiment, and it 1s understood that varia-
tions and modifications may be effected without departing
from the spirit and scope of the mvention. In particular, a
plurality of the embodiments and modified examples
described 1n the present specification can be arbitrarily com-
bined as needed. For example, the modified example 1A can
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be adapted to the touch sensor 10A of the second embodiment
and the touch sensor 10B of the third embodiment. In addi-
tion, the modified example 2A can be adapted to the touch

sensor 10 of the first embodiment and the touch sensor 10B of

the third embodiment. Furthermore, the modified examples
3A, 3B can be adapted to the touch sensor 10 of the first
embodiment and the touch sensor 10A of the second embodi-
ment.

1. A touch sensor comprising;:

a first electrode that comprises a plurality of lines of first

resistive films, the plurality of lines of first resistive films
being disposed to extend 1n a first direction and arrayed
in a second direction that intersects the first direction,
whose end parts in the first direction are electrically
connected to each other;

first connection pattern for electrically connecting
together the end parts 1n the first direction of the plurality
of lines of the first resistive films;

a second electrode that comprises at least one line of sec-

ond resistive film disposed opposing the plurality of
lines of first resistive films, the second electrode being
arranged such that contact surface area between the at
least one line of second resistive film and the plurality of
lines of first resistive films varies in accordance with a
pressing force that narrows a spacing between the plu-
rality of lines of first resistive films and the at least one
second resistive film;

a second connection pattern for electrically connecting the

end part 1n the second direction of the at least one second
resistive film; and

a detection device that, based on a change 1n a resistance

2.
3.

value from the first electrode to the second electrode,
detects a contact between the plurality of lines of first
resistive films and the at least one line of second resistive
film and detects the extent of the contact surface area
between the plurality of lines of first resistive films and
the at least one line of second resistive film based on a
resistance value that 1s measured by a resistance mea-
suring apparatus connecting to the first connection pat-
tern and the second connection pattern.

(canceled)

The touch sensor according to claim 1, wherein

the second electrode includes a plurality of lines of the

4.

second resistive films having end parts 1n the second
direction electrically connected to each other by the
second connection pattern and the plurality of lines of
the second resistive films are disposed to extend 1n the
second direction and arrayed 1n the first direction.

The touch sensor according to claim 1, wherein

the detection device detects a coordinate 1n the first direc-

S.

tion of a contact location between the first electrode and
the second electrode based on a change in the resistance
value detected by impressing a first voltage that gener-
ates an electric potential difference in the first direction,
and detects a coordinate in the second direction of the
contact location based on a change 1n the resistance
value detected by impressing a second voltage that gen-
erates an electric potential difference in the second
direction.

The touch sensor according to claim 1, wherein

the plurality of lines of first resistive films are arranged 1nto

a plurality of sets arrayed in the second direction;

the at least one line of second resistive film are arranged

into a plurality of sets arrayed in the first direction; and
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the detection device detects the coordinates in the first

direction and the second direction of a contact location
based on a matrix of the plurality of sets of the plurality
of lines of first resistive films and the plurality of sets of
the at least one of second resistive films.

6. A touch sensor comprising:
a first electrode that comprises a plurality of lines of first

resistive films, the plurality of lines of first resistive films
being disposed to extend 1n a first direction and arrayed
in a second direction that intersects the first direction,
whose end parts 1n the first direction are electrically
connected to each other,

a second electrode that comprises a plurality of lines of

second resistive films disposed opposing the plurality of
lines of first resistive films, the second electrode being
arranged such that contact surface area between the plu-
rality of lines of second resistive films and the plurality
of lines of first resistive films varies 1n accordance with
a pressing force that narrows a spacing between the
plurality of lines of first resistive films and the plurality
of lines of second resistive films, the plurality of lines of
second resistive films having end parts 1n the first direc-
tion are electrically connected to each other and the
plurality of lines of second resistive films being disposed
to extend 1n the first direction and arrayed 1n the second
direction, and the plurality of lines of first resistive films
and the plurality of lines of second resistive films being
disposed such that each line of the first resistive films
corresponds to one line of the second resistive films; and

a detection device that, based on a change 1n a resistance

value from the first electrode to the second electrode,
detects a contact between the plurality of lines of first
resistive films and the plurality of lines of second resis-
tive film and detects the extent of the contact surface area
between the plurality of lines of first resistive films and
the plurality of lines of second resistive film.

7. The touch sensor according to claim 1, further compris-

a plurality of resistance adding members that are connected

between the plurality of lines of first resistive films and
the first connection pattern, each resistance adding
member adding resistance to a corresponding line of first
resistive film.

8. The touch sensor according to claim 1, further compris-

a pressure sensitive 1k layer that 1s provided between the

plurality of lines of first resistive films and the at least
one second resistive film and whose resistance value
varies 1n accordance with the pressing force between the
plurality of lines of first resistive films and the at least
one second resistive film.

9. An electronic device, comprising:
a touch sensor according to claim 1; and
a control apparatus connected to the touch sensor and that

receives mput data related to contact between the plu-
rality of lines of first resistive films and the at least one
second resistive film detected by the detection device
and related to the extent of the contact surface area
between the plurality of lines of first resistive films and
the at least one second resistive film.

10. The touch sensor according to claim 6, further com-
prising:
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a first connection pattern, for electrically connecting
together the end parts 1n the first direction of the plurality
of lines of the first resistive films; and

a plurality of resistance adding members that are connected
between the plurality of lines of first resistive films and
the first connection pattern, each resistance adding
member adding resistance to a corresponding line of first
resistive film.

11. The touch sensor according to claim 6, further com-

prising:

a pressure sensitive 1nk layer that 1s provided between the
plurality of lines of first resistive films and the at least
one second resistive film and whose resistance value
varies 1n accordance with the pressing force between the
plurality of lines of first resistive films and the at least
one second resistive film.

12. An electronic device, comprising:
a touch sensor according to claim 6; and

a control apparatus connected to the touch sensor and that
receives mput data related to contact between the plu-
rality of lines of first resistive films and the at least one
second resistive film detected by the detection device
and related to the extent of the contact surface area
between the plurality of lines of first resistive films and
the at least one second resistive film.

13. The touch sensor according to claim 3, wherein

the detection device detects a coordinate 1n the first direc-
tion of a contact location between the first electrode and
the second electrode based on a change 1n the resistance
value detected by impressing a first voltage that gener-
ates an electric potential difference in the first direction,
and detects a coordinate in the second direction of the
contact location based on a change 1n the resistance
value detected by impressing a second voltage that gen-
erates an electric potential difference in the second
direction.

14. The touch sensor according to claim 13, further com-
prising

11
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a plurality of resistance adding members that are connected
between the plurality of lines of first resistive films and
the first connection pattern, each resistance adding
member adding resistance to a corresponding line of first
resistive film.

15. The touch sensor according to claim 13, further com-

prising:

a pressure sensitive 1k layer that 1s provided between the
plurality of lines of first resistive films and the at least
one second resistive film and whose resistance value
varies 1n accordance with the pressing force between the
plurality of lines of first resistive films and the at least
one second resistive film.

16. The touch sensor according to claim 3, wherein

the plurality of lines of first resistive films are arranged into
a plurality of sets arrayed 1n the second direction;

the at least one line of second resistive film are arranged
into a plurality of sets arrayed in the first direction; and

the detection device detects the coordinates in the first
direction and the second direction of a contact location
based on a matrix of the plurality of sets of the plurality
of lines of first resistive films and the plurality of sets of
the at least one of second resistive films.

17. The touch sensor according to claim 16, further com-

prising

a plurality of resistance adding members that are connected
between the plurality of lines of first resistive films and
the first connection pattern, each resistance adding
member adding resistance to a corresponding line of first
resistive film.

18. The touch sensor according to claim 16, further com-

prising:

a pressure sensitive 1k layer that 1s provided between the
plurality of lines of first resistive films and the at least
one second resistive film and whose resistance value
varies 1n accordance with the pressing force between the
plurality of lines of first resistive films and the at least
one second resistive film.

x s e e s
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