US 20120188202A1

12y Patent Application Publication (o) Pub. No.: US 2012/0188202 A1

a9 United States

Tsujino et al.

43) Pub. Date: Jul. 26, 2012

(54) LIQUID-CRYSTAL PANEL EQUIPPED WITH
TOUCH SENSOR FUNCTION

(75) Inventors: Kazuya Tsujino, Osaka-shi (JP);
Keiichi Yamamoto, Osaka-shi (JP)
(73) Assignee: Sharp Kabushiki Kaisha,
Osaka-shi, Osaka (JP)
(21) Appl. No.: 13/499,103
(22) PCT Filed: Sep. 14,2010
(86) PCT No.: PCT/JP2010/065841
§ 371 (e)(1),
(2), (4) Date: Mar. 29, 2012
(30) Foreign Application Priority Data
Sep. 30,2009  (JP) .coevveiicciciene 2009-226877

7 “Position
informatio

Publication Classification

(51) Int.ClL

GO9G 3/36 (2006.01)

GUOGF 3/041 (2006.01)

GOGF 3/044 (2006.01)
(52) US.CL oo 345/174; 345/173; 345/104
7) ABSTRACT

Provided is a liquid crystal panel equipped with a touch
sensor function that can detect pressing force. Multiple dis-
placement detection units (30) are provided between a pair of
substrates (31, 32) arranged opposing each other and output a
signal due to displacement of one of the substrates. A dis-
placement point detection unit (3) binarily detects whether
the one substrate has become displaced at each position of the
displacement detection units (30) based on the signals output
from the displacement detection units (30). A coordinate
detection unit (4) detects the coordinates of, among the dis-
placement detection units (30), the displacement detection
units for which the displacement point detection unit (3)
detected that the one substrate became displaced, and outputs
pressing force position information. A displacement point
counting unit (5) counts the number of displacement detec-
tion units for which the displacement point detection unit (3)
detected that displacement occurred among the displacement
detection units (30), and a pressing force deriving unit (6)
outputs information regarding a pressing force intensity
based on the number of displacement detection units counted
by the displacement point counting unit (5).
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LIQUID-CRYSTAL PANEL EQUIPPED WITH
TOUCH SENSOR FUNCTION

REFERENCE TO RELATED APPLICATTIONS

[0001] This application is the national stage under 35 USC
371 of International Application No. PCT/JP2010/065841,
filed Sep. 14, 2010, which claims priority from Japanese
Patent Application No. 2009-226877, filed Sep. 30, 2009, the
entire contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal
panel equipped with a touch sensor function. In particular, the
present invention relates to a liquid crystal panel equipped
with a touch sensor function that can detect touch pressure
(pressing force) in addition to a touch position (pressing force
position).

BACKGROUND OF THE INVENTION

[0003] Image display devices that can also be used as an
information input device by providing the image display sur-
face with a touch sensor function have been put into practical
use. With such image display devices, generally a position
(touch position) on the image display surface that has been
touched by a user’s finger, touch pen, or the like is detected.
[0004] In recent years, there have been proposals for an
information input device in which an image display device
such as a liquid crystal panel is equipped with a touch panel
having a touch sensor function that can detect the intensity of
pressing force in addition to a touch position and issue dif-
ferent instructions according to the pressing force intensity
(e.g., see JP H11-203044 A, JP H11-203044A, and JP 2008-
276369A).

[0005] Meanwhile, there is also known to be a liquid crystal
panel equipped with a touch sensor function in which detec-
tion elements for realizing the touch sensor function are
incorporated in the liquid crystal panel. Known examples of
detection systems for such a liquid crystal panel include the
in-cell microswitch system (hereinafter, simply referred to as
the “microswitch system”) and the liquid crystal capacitance
system.

[0006] With a microswitch-system liquid crystal panel,
contact and conduction between switch electrodes in liquid
crystal cells is detected when a load has been applied to the
liquid crystal panel. JP 2007-58070A discloses a
microswitch-system liquid crystal panel equipped with a
touch sensor function that can detect pressing force. The
following describes the principle of pressing force detection
in the microswitch-system liquid crystal panel disclosed in JP
2007-58070A with reference to FIG. 15.

[0007] Pixel electrodes that apply a voltage to liquid crystal
901, thin film transistors (TFTs) connected to the pixel elec-
trodes, and the like are formed on a TFT substrate 902, a
counter electrode is formed on a counter substrate 903, and
the TFT substrate 902 and the counter substrate 903 are
arranged opposing each other with a spacer 904 sandwiched
therebetween. A first projecting electrode 905a, a second
projecting electrode 9055, and a third projecting electrode
905¢ that have different heights are formed on the TFT sub-
strate 902. When a finger 906 or a touch pen 907 presses the
surface of the counter substrate 903, the counter substrate 903
flexes, and the gap between the counter substrate 903 and the
TFT substrate 902 becomes narrower. At this time, the flexure
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amount of the counter substrate 903 changes according to the
pressing force intensity. When the pressing force is weak, the
counter electrode of the counter substrate 903 comes into
contact with only the tallest first projecting electrode 9054,
and when the pressing force becomes stronger, the counter
electrode comes into contact with the second projecting elec-
trode 9055 and the third projecting electrode 905¢ as well.
Accordingly, the pressing force intensity can be detected by a
change in the types of projecting electrodes with which the
counter electrodes comes into contact.

[0008] A liquid crystal capacitance-system liquid crystal
panel equipped with a touch sensor function is disclosed in JP
2008-58925A. The following describes the principle of
detection in the liquid crystal capacitance-system liquid crys-
tal panel equipped with a touch sensor function with refer-
ence to FIGS. 16A and 16B. A pair of substrates 912 and 913
sandwich liquid crystal 911, and electrodes are formed on the
substrates so as to oppose each other, thus forming an elec-
trostatic capacitance in a liquid crystal cell. As shown in FIG.
16B, when the substrate 912 on the display surface side is
pressed, the gap between the substrates 912 and 913 becomes
narrower, and the electrostatic capacitance changes. A control
circuit or the like converts this change in the electrostatic
capacitance into a change in current value using a thin film
transistor, an integrating circuit integrates current values in a
predetermined time period, and the resulting value is output
as a detected voltage. Specifically, since the electrostatic
capacitance changes according to the pressing force intensity,
the detected voltage also changes according to the pressing
force intensity. Accordingly, the pressing force intensity can
be detected by detecting the intensity of the detected voltage.

SUMMARY OF THE INVENTION

[0009] With the microswitch-system liquid crystal panel
equipped with a touch sensor function shown in FIG. 15, the
heights of the projecting electrodes 905a, 9055, and 905¢
need to be changed in order to adjust the pressing force
detection sensitivity. This then necessitates a change in the
projecting electrode manufacturing conditions. Specifically,
it is necessary to create a new mask to be used in the project-
ing electrode manufacturing step, and change the exposure
conditions in photolithography, thus making the manufactur-
ing of the projecting electrodes troublesome and causing a
rise in manufacturing cost. It is therefore difficult for the
sensitivity of the liquid crystal panel equipped with a touch
sensor function to be adjusted according to the user and the
usage scenario.

[0010] Also, the dimensional accuracy of the heights of the
projecting electrodes 905a, 9055, and 905¢ directly affects
pressing force detection sensitivity. Accordingly, due to
dimensional variation that unavoidably occurs in projecting
electrode manufacturing, it is not possible to avoid differ-
ences in pressing force detection sensitivity between each
product.

[0011] Here, raising the resolution of pressing force detec-
tion necessitates an increase in the number of types of pro-
jecting electrodes having different heights. In order to achieve
this, dimensional variation in the projecting electrodes needs
to be made very small in projecting electrode manufacturing.
However, there is a limit on how low dimensional variation
can be reduced, and the number of types of projecting elec-
trodes that can actually be manufactured is also limited, and
therefore there is a limit on resolution in pressing force detec-
tion.
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[0012] For this reason, a liquid crystal panel equipped with
a touch sensor function that can resolve the aforementioned
conventional problems is provided. Specifically, provided is a
liquid crystal panel equipped with a touch sensor function in
which the sensitivity of pressing force detection can be
adjusted without changing a manufacturing step.

[0013] A liquid crystal panel equipped with a touch sensor
function according to an embodiment of the present invention
includes: a touch panel that includes a pair of substrates
arranged opposing each other and a plurality of displacement
detection units that are provided between the pair of sub-
strates and output a signal due to one substrate out of the pair
of substrates being pressed and becoming displaced; a dis-
placement point detection unit that, based on the signals
output from the plurality of displacement detection units,
binarily detects whether the one substrate has become dis-
placed at each position of the plurality of displacement detec-
tion units; a coordinate detection unit that derives coordinates
of, among the plurality of displacement detection units, a
displacement detection unit for which the displacement point
detection unit detected that the one substrate became dis-
placed, and outputs information regarding the position of the
pressing; a displacement point counting unit that counts the
number of displacement detection units for which the dis-
placement point detection unit detected that displacement
occurred among the plurality of displacement detection units;
and a pressing force deriving unit that outputs information
regarding a pressing force intensity based on the number of
displacement detection units counted by the displacement
point counting unit.

[0014] According to this embodiment of the present inven-
tion, it is possible to provide a liquid crystal panel equipped
with a touch sensor function that can detect the intensity of
pressing force in addition to a pressing force position. More-
over, it is possible to adjust the sensitivity of pressing force
detection without changing a manufacturing step.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1is ablock diagram of a touch sensor unit of a
liquid crystal panel equipped with a touch sensor function
according to Embodiment 1 of the present invention.

[0016] FIG. 2A is a circuit diagram of a pixel including a
microswitch-system displacement detection unit in the liquid
crystal panel equipped with a touch sensor function according
to Embodiment 1 of the present invention.

[0017] FIG. 2B is a cross-sectional diagram showing a
schematic configuration of the displacement detection unit in
FIG. 2A.

[0018] FIG. 3A is a block diagram of a displacement point
detection unit that processes an output signal from the dis-
placement detection unit in the liquid crystal panel equipped
with a touch sensor function according to Embodiment 1 of
the present invention.

[0019] FIG. 3B is a timing chart for illustrating operations
of the displacement point detection unit.

[0020] FIG. 4 is a cross-sectional diagram of a counter
substrate configuring the liquid crystal panel equipped with a
touch sensor function according to Embodiment 1 of the
present invention.

[0021] FIG. 5is a side view showing how the liquid crystal
panel equipped with a touch sensor function according to
Embodiment 1 of the present invention is subjected to a
pressing test with a touch pen.
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[0022] FIG. 6A is a diagram showing a distribution of dis-
placement points for which counter substrate displacement
was detected in a state of no pressing force from a touch pen
in a working example of the liquid crystal panel equipped
with a touch sensor function according to the present inven-
tion.

[0023] FIG. 6B is a diagram showing a distribution of dis-
placement points for which counter substrate displacement
was detected when a pressing force of 1.0 was applied with
the touch pen in the working example of the liquid crystal
panel equipped with a touch sensor function according to the
present invention.

[0024] FIG. 6C is a diagram showing a distribution of dis-
placement points for which counter substrate displacement
was detected when a pressing force of 1.2 was applied with
the touch pen in the working example of the liquid crystal
panel equipped with a touch sensor function according to the
present invention.

[0025] FIG. 6D is a diagram showing a distribution of dis-
placement points for which counter substrate displacement
was detected when a pressing force of 1.4 was applied with
the touch pen in the working example of the liquid crystal
panel equipped with a touch sensor function according to the
present invention.

[0026] FIG. 6E is a diagram showing a distribution of dis-
placement points for which counter substrate displacement
was detected when a pressing force of 1.8 was applied with
the touch pen in the working example of the liquid crystal
panel equipped with a touch sensor function according to the
present invention.

[0027] FIG. 6F is a diagram showing a distribution of dis-
placement points for which counter substrate displacement
was detected when a pressing force of 2.7 was applied with
the touch pen in the working example of the liquid crystal
panel equipped with a touch sensor function according to the
present invention.

[0028] FIG. 6G is a diagram showing a distribution of dis-
placement points for which counter substrate displacement
was detected when a pressing force of 4.5 was applied with
the touch pen in the working example of the liquid crystal
panel equipped with a touch sensor function according to the
present invention.

[0029] FIG. 7A is a cross-sectional diagram for illustrating
how the size of a displacement area changes according to
pressing force intensity.

[0030] FIG. 7B is a cross-sectional diagram for illustrating
how the size of the displacement area changes according to
pressing force intensity.

[0031] FIG. 8 is a diagram showing a relationship between
the number of displacement points and pressing force in the
working example of the liquid crystal panel equipped with a
touch sensor function.

[0032] FIG. 9 is a diagram showing a relationship between
the number of displacement points constituting the greatest
width in the X axis direction of the displacement area and
pressing force in the working example of the liquid crystal
panel equipped with a touch sensor function.

[0033] FIG.10is a diagram showing arelationship between
the number of displacement points constituting the greatest
width in the Y axis direction of the displacement area and
pressing force in the working example of the liquid crystal
panel equipped with a touch sensor function.
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[0034] FIG. 11A is a cross-sectional diagram for illustrat-
ing how displacement points (the size of a displacement area)
change according to the size of a finger.

[0035] FIG. 11B is a cross-sectional diagram for illustrat-
ing how displacement points (the size of a displacement area)
change according to the size of a finger.

[0036] FIG. 12 is a block diagram of a touch sensor unit of
a liquid crystal panel equipped with a touch sensor function
according to Embodiment 4 of the present invention.

[0037] FIG.13A is a cross-sectional diagram showing how
displacement points (the size of a displacement area) change
when a narrow finger has first lightly touched a touch surface.
[0038] FIG.13Bis a cross-sectional diagram showing how
displacement points (the size of a displacement area) change
when a narrow finger has strongly pressed against the touch
surface.

[0039] FIG. 14A is a cross-sectional diagram showing how
displacement points (the size of a displacement area) change
when a wide finger has first lightly touched a touch surface.

[0040] FIG. 14B is a cross-sectional diagram showing how
displacement points (the size of a displacement area) change
when a wide finger has strongly pressed against the touch
surface.

[0041] FIG. 15 is a cross-sectional diagram for illustrating
a principle of pressing force detection in a conventional
microswitch-system liquid crystal panel equipped with a
touch sensor function.

[0042] FIG. 16A is a cross-sectional diagram showing a
schematic configuration of a conventional liquid crystal
capacitance-system liquid crystal panel equipped with a
touch sensor function.

[0043] FIG. 16B is a cross-sectional diagram for illustrat-
ing a principle of pressing force detection in the conventional
liquid crystal capacitance-system liquid crystal panel
equipped with a touch sensor function.

DETAILED DESCRIPTION OF THE INVENTION

[0044] A liquid crystal panel equipped with a touch sensor
function according to an embodiment of the present invention
includes: a touch panel that includes a pair of substrates
arranged opposing each other and a plurality of displacement
detection units that are provided between the pair of sub-
strates and output a signal due to one substrate out of the pair
of substrates being pressed and becoming displaced; a dis-
placement point detection unit that, based on the signals
output from the plurality of displacement detection units,
binarily detects whether the one substrate has become dis-
placed at each position of the plurality of displacement detec-
tion units; a coordinate detection unit that outputs coordinates
of, among the plurality of displacement detection units, a
displacement detection unit for which the displacement point
detection unit detected that the one substrate became dis-
placed, and outputs information regarding the position of the
pressing; a displacement point counting unit that counts the
number of displacement detection units for which the dis-
placement point detection unit detected that displacement
occurred among the plurality of displacement detection units;
and a pressing force deriving unit that outputs information
regarding a pressing force intensity based on the number of
displacement detection units counted by the displacement
point counting unit (first configuration).

[0045] According to the above configuration, the liquid
crystal panel equipped with a touch sensor function includes
the displacement point counting unit and the pressing force
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deriving unit, and therefore can resolve the problems of the
above-described conventional configurations. Specifically,
the sensitivity of pressing force detection can be adjusted by
changing a setting in the pressing force deriving unit, without
changing the heights of projecting electrodes as in the con-
ventional configurations. More specifically, by changing the
setting of a threshold value in the pressing force deriving unit
for the number of displacement detection units counted by the
displacement point counting unit, it is possible to easily
change the relationship between the number of displacement
detection units and the pressing force intensity, thus enabling
the sensitivity of pressing force detection to be easily
adjusted.

[0046] Also, even if variation occurs in the pressing force
intensity according to which a signal is output by the displace-
ment detection units due to dimensional variation in manu-
facturing, pressing force intensity can be precisely detected
by adjusting the relationship between the number of displace-
ment detection units and the pressing force intensity by
changing a setting in the pressing force deriving unit. Fur-
thermore, the respective numbers of displacement detection
units corresponding to pressing force intensities, that is to say,
the resolution, can be freely set according to the pressing
force deriving unit, thus enabling easily raising the resolution
of pressing force detection.

[0047] It is preferable that in the first configuration, the
plurality of displacement detection units each include a pair
ofelectrodes respectively formed on mutually opposing faces
of the pair of substrates and output the signal in a case where
the pair of electrodes have come into contact with each other
due to displacement of the one substrate (second configura-
tion). This enables configuring microswitch-system displace-
ment detection units.

[0048] Alternatively, in the first configuration, the plurality
of displacement detection units may each include an electro-
static capacitance configured by a pair of electrodes respec-
tively formed on mutually opposing faces of the pair of sub-
strates and output the signal in accordance with a change in
the electrostatic capacitance that occurs due to displacement
of the one substrate (third configuration). This enables con-
figuring liquid crystal capacitance-system displacement
detection units.

[0049] In any one of the first to third configurations, the
displacement point counting unit may count the total number
of displacement detection units for which the displacement
point detection unit detected that displacement occurred
among the plurality of displacement detection units (fourth
configuration). This enables more accurately performing
pressing force detection.

[0050] Alternatively, in any one of the first to third configu-
rations, the plurality of displacement detection units may be
arranged so as to be aligned in two orthogonal alignment
directions, and the displacement point counting unit may
count the greatest number of displacement detection units
aligned along one direction out of the two alignment direc-
tions among the displacement detection units for which the
displacement point detection unit detected that displacement
occurred (fifth configuration). This enables shortening the
time for counting the number of displacement detection units
and the subsequent arithmetic operation time.

[0051] In any one of the first to fifth configurations, it is
preferable that the pressing force deriving unit compares the
number of displacement detection units counted by the dis-
placement point counting unit with a relationship between the
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number of displacement detection units and pressing force
that has been set in advance, and outputs the information
regarding the pressing force intensity in accordance with the
number of displacement detection units (sixth configuration).
[0052] Since the number of displacement detection units
for which displacement was detected and the pressing force
are correlated with each other, pressing force detection can be
performed accurately and swiftly by comparing the number
of displacement detection units counted by the displacement
point counting unit and values that have been set in advance,
and outputting information regarding the pressing force
intensity in accordance with the number of displacement
detection units.

[0053] Alternatively, in any one of the first to fifth configu-
rations, the pressing force deriving unit may include: a stor-
age unit that stores the number of displacement detection
units counted by the displacement point counting unit at the
start of a pressing operation; and a comparison calculation
unit that performs a comparison calculation on the number of
displacement detection units counted by the displacement
point counting unit during a pressing operation and the num-
ber of displacement detection units stored in the storage unit
(seventh configuration). This enables reducing differences in
pressing force detection precision caused by finger size, for
example.

[0054] Embodiments of the present invention are described
below with reference to the attached drawings. Note that the
present invention is, needless to say, not intended to be limited
to the following embodiments. For the sake of convenience in
the description, the drawings that are referenced in the fol-
lowing description show simplifications of, among the con-
stituent members ofthe embodiments, only relevant members
that are necessary for describing the present invention. The
present invention can therefore include arbitrary constituent
members not shown in the following drawings. Also, regard-
ing the dimensions of the members in the following drawings,
the dimensions of the actual constituent members, the ratios
of the dimensions of the members, and the like are not shown
faithfully.

Embodiment 1

[0055] FIG. 1is a block diagram of a touch sensor unit of a
liquid crystal panel equipped with a touch sensor function
according to Embodiment 1.

[0056] The touch sensor unit of the liquid crystal panel
equipped with a touch sensor function of Embodiment 1
includes a touch panel 2, a displacement point detection unit
3, a coordinate detection unit 4, a displacement point count-
ing unit 5, and a pressing force deriving unit 6.

[0057] The touch panel 2 includes a pair of opposing sub-
strates and a plurality of displacement detection units pro-
vided between the pair of substrates.

[0058] As the pair of substrates, it is possible to use, for
example, a pair of light-transmitting substrates that configure
part of the liquid crystal panel and sandwich liquid crystal.
[0059] When the surface (touch surface, which is normally
the image display surface) of one substrate (the touch sub-
strate) out of the pair of substrates is pressed, the displace-
ment detection units output a signal in accordance with dis-
placement of the touch substrate (i.e., a change in the gap
between the pair of substrates) that occurs due to the pressing.
The displacement detection units are arranged discretely in a
plane parallel with the touch surface of the touch panel 2,
preferably in a lattice-point configuration. For example, the
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displacement detection units may be provided one for each of
red, green, and blue color picture elements in the liquid crys-
tal panel, one for each pixel (color pixel) constituted by three
picture elements, namely a red, a green, and a blue picture
element, or one for multiple pixels.

[0060] There are no particular limitations on the specific
configuration of the displacement detection units, and it is
possible to use a microswitch system or a liquid crystal
capacitance system, for example.

[0061] The microswitch system is a system in which con-
tact and conduction between a pair of electrodes (mi-
croswitches) formed on respective opposing surfaces of the
pair of substrates due to pressing is detected. There are no
limitations on the specific configuration of the microswitch
system, and it is possible to use, for example, a well-known
microswitch system (e.g., see JP 2006-133788 A and JP 2008-
65302A).

[0062] The liquid crystal capacitance system is a system in
which an electrostatic capacitance is formed by a pair of
electrodes formed on opposing surfaces of a pair of substrates
s0 as to oppose each other and sandwich a liquid layer, and
change in the electrostatic capacitance due to narrowing of
the gap between the pair of electrodes caused by pressing is
detected. There are no limitations on the specific configura-
tion of the liquid crystal capacitance system, and it is possible
to use, for example, a well-known liquid crystal capacitance
system (e.g., see JP 2008-58925A, JP 2007-128514A, and JP
2007-48275A).

[0063] The displacement point detection unit 3 binarily
detects the presence/absence of displacement of the touch
substrate (i.e., change in the gap between the pair of sub-
strates) at the positions of each of the displacement detection
units based on the signals output from the displacement
detection units. The displacement point detection unit 3 bina-
rizes the voltages of detection lines connected to the displace-
ment detection units by comparison with a reference value
(threshold value) set in a comparator. For example, the dis-
placement point detection unit 3 determines that the touch
substrate was displaced (touched) if an output voltage greater
than the threshold value was obtained from a displacement
detection unit, and determines that the touch substrate was not
displaced (not touched) if otherwise. The displacement point
detection unit 3 makes this determination for each of the
displacement detection units.

[0064] The coordinate detection unit 4 detects the coordi-
nates of, from among the displacement detection units, each
displacement detection unit for which the displacement point
detection unit 3 detected that the touch substrate was dis-
placed, and derives information (position information) 7
regarding pressed positions. There are no particular limita-
tions on the method of deriving the pressed position informa-
tion 7, and it is possible to use a well-known method, for
example.

[0065] The above-described touch panel 2, displacement
point detection unit 3, and coordinate detection unit 4 can be
constituted similarly to those of a conventional well-known
touch panel. In this embodiment, the liquid crystal panel
further includes a displacement point counting unit 5 and a
pressing force deriving unit 6.

[0066] The displacement point counting unit 5 counts and
outputs the number of displacement detection units for which
the displacement point detection unit 3 detected that the touch
substrate was displaced among the displacement detection
units.
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[0067] The pressing force deriving unit 6 outputs informa-
tion (intensity information) 8 regarding pressing force inten-
sity based on the number of displacement detection units that
was counted by the displacement point counting unit 5. For
example, the pressing force deriving unit 6 compares the
number of displacement detection units for which touch sub-
strate displacement was detected with a pre-set relationship
between pressing force intensities and respective numbers of
displacement detection units for which displacement was
detected, and outputs the information 8 regarding pressing
force intensity. This enables realizing a touch sensor function
that can detect pressing force in addition to a touch position.

[0068] The following is a specific description of the various
units.
[0069] First, a description will be given of the displacement

detection units formed in the touch panel 2.

[0070] FIG. 2A is a circuit diagram of a pixel including a
microswitch-system displacement detection unit in the liquid
crystal panel equipped with a touch sensor function according
to Embodiment 1. FIG. 2B is a cross-sectional diagram show-
ing the schematic configuration of the displacement detection
unit in FIG. 2A.

[0071] As shown in FIG. 2A, source lines 11 that are par-
allel with the Y axis and receive application of display data
and gate lines 12 that are parallel with the X axis and are for
performing sequential scanning are formed in a matrix con-
figuration on a TFT substrate 31 (see the later-described FIG.
2B) of the liquid crystal panel. A pixel driving thin film
transistor (hereinafter, referred to as a “pixel driving TFT”) 14
connected to a picture element electrode 13 is formed at
positions where the source lines 11 and the gate lines 12
intersect. There are no particular limitations on the above
configuration, and it is possible to use the same configuration
as that of a well-known liquid crystal panel, for example.
[0072] In the present embodiment, detection lines 21 that
are parallel with the Y axis, and scan lines 22 that are parallel
with the X axis are furthermore formed on the TFT substrate
31, and a displacement detection thin film transistor (herein-
after, referred to as a “detection TFT””) 23 and a contact pad 24
are formed at positions where the detection lines 21 and the
scan lines 22 intersect. The gate electrode of each detection
TFT 23 is connected to a scan line 22, and the source electrode
ofeach detection TFT 23 is connected to a contact pad 24, and
the drain electrode of each detection TFT 23 is connected to
a detection line 21.

[0073] FIG. 2B is a cross-sectional view in the case where
the liquid crystal panel has been sectioned along a plane
passing through a contact pad 24. The TFT substrate 31 and a
counter substrate 32 serving as the touch substrate are
arranged so as to oppose each other and sandwich liquid
crystal 33. The contact pad 24 is formed on the surface of the
TFT substrate 31 that is on the side facing the counter sub-
strate 32. A protruding portion 25 is formed on the counter
substrate 32 at a position opposing the contact pad 24. A
transparent counter electrode 34 is formed on the counter
substrate 32 in a region opposing the region of the TFT
substrate 31 where the many picture element electrodes 13 are
formed in a matrix, so as to cover the protruding portion 25.
[0074] The contact bad 24 formed on the TFT substrate 31
and the counter electrode 34 formed on the counter substrate
32 configure a microswitch-system displacement detection
unit 30.

[0075] Although alignment films are formed on the surface
of'the TFT substrate 31 that is on the side facing the counter
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substrate 32, they are not shown in FIG. 2B. Also, alignment
films and color filter layers including red, green, and blue
color layers (color filters) as well as a black matrix for pre-
venting the leakage of light between these color layers are
formed on the side of the counter substrate 32 that is on the
side facing the TFT substrate 31, but they are not shown in
FIG. 2B. Furthermore, although not shown, a pair of polariz-
ing films are formed on the outer sides of the TFT substrate 31
and the counter substrate 32 so as to sandwich the TFT sub-
strate 31 and the counter substrate 32.

[0076] When pressing force from a finger, a touch pen, or
the like is applied to the surface of the counter substrate 32
that is on the side opposite to the TFT substrate 31, the counter
substrate 32 flexes such that the position of the counter sub-
strate 32 changes, and the gap between the counter substrate
32 and the TFT substrate 31 becomes narrower. Then, when
the counter electrode 34 comes into contact with the contact
pad 24, the counter voltage applied to the counter electrode 34
is applied to the contact pad 24. By detecting the counter
voltage applied to this contact pad 24 via the detection line 21,
it is possible to detect that the counter substrate 32 has
become displaced, that is to say, has been touched with a
touch pen, finger, or the like, at the position of that contact pad

[0077] Specifically, the potential of the scan lines 22 is
sequentially switched to H (High). When the potential H is
applied to a scan line 22, the TFTs 23 connected to that scan
line 22 enter the on state for the period in which the potential
H is applied, and the counter voltage applied to the contact
pads 24 are output to the detection lines 21. By detecting the
output voltage of each of the detection lines 21, it is possible
to detect the positions at which the counter substrate 32 was
displaced over the scan line 22 to which the potential H was
applied. By sequentially switching (scanning) the scan line 22
to which the potential H is applied among the scan lines 22, it
is possible to detect positions at which the counter substrate
32 was displaced in a whole screen.

[0078] FIG. 3A is a block diagram of the displacement
point detection unit 3 for processing output the output signal
from the displacement detection units 30, and FIG. 3B is a
timing chart showing an example of operations performed by
the displacement point detection unit 3. Operations per-
formed on the displacement point detection unit 3 will be
described below with reference to these figures.

[0079] First, the potential of the detection lines 21 is reset to
GND due to a reset switch RST being switched on.

[0080] Next, the potential H is applied to the scan line 22
that is connected to a scan driver 26. As result, the detection
TFT 23 enters the on state. At this time, if the counter elec-
trode 34 and the contact pad 24 of the displacement detection
unit 30 that is connected to this detection TFT 23 come into
contact with each other (“in contact”), the counter potential
applied by the counter electrode 34 is output to the detection
line 21 via the contact pad 24. On the other hand, when the
counter electrode 34 and the contact pad 24 are not in contact
(“out of contact™), the voltage of the detection line 21 remains
at GND.

[0081] Next, a detection switch DET is switched on. A
comparator 35 compares the voltage of the detection line 21
with a reference voltage REF that has been set in advance.
Then, in the case where the voltage of the detection line 21 is
higher than the reference voltage REF, it is determined that
the counter substrate 32 was displaced, and the voltage H
(High) is output, and in the case where the voltage of the
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detection line 21 is lower than the reference voltage REF, it is
determined that the counter substrate 32 was not displaced,
and the voltage L (Low) is output.

[0082] As described above, the displacement point detec-
tion unit 3 including the comparator 35 binarily detects
whether or not the counter substrate 32 was displaced at the
positions of the displacement detection units 30.

[0083] The following describes a method for manufactur-
ing the touch panel 2 including the displacement detection
unit 30 shown in FIG. 2B. Note that needless to say, the
following manufacturing method is one example, and there is
no limitation to the following manufacturing method.

[0084] First, a description will be given of an example of a
method of manufacturing the counter substrate 32 including
the protruding portion 25 and the like as shown in FIG. 4.

[0085] First, a glass substrate 40 is prepared as the base
material of the counter substrate 32. A substrate having light-
transmitting characteristics such as silica glass can be used as
the glass substrate 40.

[0086] A photosensitive resist layer containing a hydro-
philic resin is formed on the glass substrate 40. This photo-
sensitive resist layer is then exposed via a black matrix pho-
tomask, and thereafter developed, thus forming a black
matrix pattern. Next, by bringing the black matrix pattern on
the glass substrate 40 into contact with an electroless plating
solution, metal particles are caused to precipitate in the pat-
tern so as to cause blackening, thus forming a black matrix 41.
The black matrix 41 has light transmission portions 42 serv-
ing as openings in which the later-described red, green, and
blue color layers are to be formed. Furthermore, between
adjacent light transmission portions 42, the black matrix 41
has a substantially rectangular region for the formation of the
projecting portion 25 and a later-described photospacer 48.
[0087] Next, a resin film (dry film) having a red pigment
dispersed therein is laminated in the entirety of a predeter-
mined region on the glass substrate 40, and then exposure,
developing, and baking (heating) are performed, thus forming
a red color layer 43 (not shown) in the light transmission
portion 42. Next, a resin film having a green pigment dis-
persed in a predetermined region is laminated over the
entirety of the red color layer 43, and then exposure, devel-
oping, and baking (heating) are performed, thus forming a
green color layer 44 in a light transmission portion 42 adja-
cent to the red color layer. Similarly, a blue color layer 45 is
formed in the light transmission portion 42 that is between the
green color layer and the red color layer. The red, green, and
blue color layers are formed so as to be in an array of stripes
with respect to each other. At this time, one color layer (in the
present embodiment, the blue color layer 45) among the red,
green, and blue color layers is also formed in a predetermined
region within the substantially rectangular region of the black
matrix 41, thus forming a spacer pedestal portion 46.

[0088] Note that the method for forming the red, green, and
blue color layers is not limited to the above-described method
of laminating resin films, and a configuration is possible in
which, for example, the color layers are formed by photosen-
sitive resin materials having pigments dispersed therein being
applied to the entire surface of the glass substrate 32 by spin
coating, slit coating, or the like. Furthermore, the order of
formation of the red, green, and blue color layers is not
limited to the above-described order, and another order is
possible.
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[0089] Next, a photolithography method is used to form the
projecting portion 25 made up of a photosensitive resin or the
like in the substantially rectangular region of the black matrix
41.

[0090] Next, a transparent electrode 47 is formed by vapor
depositing ITO (Indium Tin Oxide) on the black matrix 41,
the color layers 43, 44, and 45, the spacer pedestal portion 46,
and the projecting portion 25.

[0091] Next, a photolithography method is used to form the
photospacer 48 made up of a photosensitive resin or the like
on the transparent electrode 47 in the region of the spacer
pedestal portion 46. The photospacer 48 is for maintaining a
constant gap between the TFT substrate 31 and the counter
substrate 32.

[0092] Next, an alignment film 49 is formed so as to cover
the black matrix 41, the color layers 43, 44, and 45, the spacer
pedestal portion 46, the projecting portion 25, and the photo-
spacer 48.

[0093] Next, alignment processing is carried out on the
alignment film 49 using the following techmque that employs
rubbing. First, the glass substrate 40 is fixed on a stage with
the alignment film 49 facing upwards. Next, the surface of the
alignment film 49 of the glass substrate 40 fixed on the stage
is rubbed at a predetermined pressure with a cylindrical rub-
bing roller around which a rubbing cloth or the like is
wrapped.

[0094] Lastly, the alignment film 49 on the projecting por-
tion 25 is removed by a photolithography method and an
ashing method.

[0095] Accordingly, the counter substrate 32 having the
configuration shown in FIG. 4 is obtained.

[0096] Next is a description of an example of a method for
forming the TFT substrate 31.

[0097] One difference from conventional TFT substrates in
the present embodiment is that, as described above, the detec-
tion lines 21, the scan lines 22, the detection TFTs 23, and the
contact pads 24 need to be formed on the TFT substrate 31
(see FIG. 2A). Note that the detection lines 21 and the scan
lines 22 can be formed similarly to the source lines 11 and the
gate lines 12, and the detection TFTs 23 can be formed simi-
larly to the pixel driving TFTs 14. Also, the contact pads 24
can be formed similarly to the picture element electrodes 13.
Accordingly, the TFT substrate 31 of the present embodiment
can be manufactured by applying a conventionally well-
known TFT substrate manufacturing method. Note that since
it is necessary for the microswitch-system displacement
detection units 30 to be configured by the contact pads 24
along with the counter electrodes 34 formed at the top of the
projecting portions 25 of the counter substrate 32 (see FIG.
2B), attention needs to be given to the fact that exposure needs
to be performed, unlike the picture element electrodes 13
covered by the alignment film.

[0098] The following describes a specific example of a
method for manufacturing the TFT substrate 31 of the present
embodiment.

[0099] First, a glass substrate is prepared as the base mate-
rial of the TFT substrate 31. A substrate having light-trans-
mitting characteristics such as silica glass can be used as the
glass substrate.

[0100] A thin-film made of Ta or Al/Ti is formed on the
glass substrate using a sputtering method, and then patterning
is performed, thus forming a gate electrode.
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[0101] Next, a gate insulating film made of SiNx is formed,
and an a-Si semiconductor layer is formed by performing
patterning.

[0102] Next, a drain electrode and a source electrode are
formed.

[0103] Next, an SiNx film is formed as a channel protective
film, and an interlayer insulating film is formed. Next, a
contact hole is formed.

[0104] Next, the picture element electrode 13 serving as the
transparent electrode and the contact pad 24 are formed by
vapor-depositing ITO.

[0105] Next, the alignment film is provided, and alignment
processing is carried out through rubbing.

[0106] Lastly, the alignment film on the contact pad 24 is
removed by a photolithography method and an ashing
method.

[0107] Accordingly, the TFT substrate 31 is obtained.
[0108] The counter substrate 32 and TFT substrate 31
obtained as described above are attached together using a
well-known method, and the liquid crystal 33 is injected
therebetween, thus obtaining the touch panel 2.

[0109] The following describes the touch sensor function
of'the liquid crystal panel equipped with a touch sensor func-
tion of the present embodiment having the above-described
configuration.

[0110] As shown in FIG. 5, the touch panel 2 of the present
embodiment was manufactured, a touch pen 51 that has a
hemispherical tip and a diameter of 0.8 mm was connected to
the probe of a push-pull force gauge (DIGITAL FORCE
GAUGE ZP-20N (IMADA), not shown), and the touch sur-
face of the touch panel 2 was pressed in the perpendicular
direction.

[0111] When a certain amount or more of pressing force is
applied to the touch surface of the touch panel 2, the counter
substrate 32 becomes displaced, a contact bad 24 and a
counter electrode 24 that configure a displacement detection
unit 30 come into contact (see FIG. 2B), and the counter
potential applied to the counter electrode 34 is output from a
detection line 21. As described with reference to FIGS. 3A
and 3B, the displacement point detection unit 3 detects
whether or not the counter substrate 32 was displaced, that is
to say, whether or not a contact bad 24 and a counter electrode
34 cameinto contact, based on the potential ofa detection line
21. The coordinate detection unit 4 derives the coordinates of
the displacement detection unit 30 for which the displace-
ment point detection unit 3 determined that the contact bad 24
and the counter electrode 34 came into contact (i.e., the
counter substrate 32 became displaced).

[0112] FIGS. 6A to 6G are diagrams showing the positions
ofthe displacement detection units 30 for which the displace-
ment point detection unit 3 determined that displacement
occurred (hereinafter referred to as “displacement points™)
when the touch pen 51 applied a predetermined pressing force
in the center of the region in which the displacement detection
units 30 are arranged in a matrix. Note that in FIGS. 6 A to 6G,
the displacement detection units 30 are arranged in a matrix
having 64 points in the X axis direction and 64 points in the Y
axis direction. Specifically, the displacement detection units
30 are arranged so as to be aligned in two orthogonal align-
ment directions.

[0113] FIG. 6A shows the case of no pressing force (not
touched), and FIGS. 6B to 6G show results in the case of
pressing force that gradually increases in the order of the
figures. The pressing force values noted in the figures are
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numerical values indicating the intensity of the pressing force
in the case of gradually increasing the pressing force from a
state of no pressing force, letting the pressing force intensity
when a displacement point was first detected be 1. In FIGS.
6A to 6G, the displacement points are colored solid black. It
can be understood from FIGS. 6A to 6G that the area where
the displacement points are distributed (hereinafter referred
to as the “displacement area”) expands substantially concen-
trically as the pressing force increases.

[0114] FIGS. 7A and 7B schematically show the deforma-
tion of the counter substrate 32 pressed by the touch pen 51.
Among the projecting portions 25 formed on the counter
substrate 32 in FIGS. 7A and 7B, the projecting portions 25
that configure the displacement detection units 30 for which
the displacement point detection unit 3 determined that dis-
placement occurred are colored solid black. On the other
hand, in FIGS. 7A and 7B, the projecting portions 25 that
configure the displacement detection units 30 for which the
displacement point detection unit 3 determined that the
counter substrate 32 was not displaced are shown hollowed. It
can be understood that compared to FIG. 7A in which a
relatively weak pressing force was applied, in FIG. 7B in
which a relatively strong pressing force was applied, the
region of deformation of the counter substrate 32 has
expanded outside the region in the vicinity of the position of
contact with the touch pen 51 as well, and the displacement
area has expanded.

[0115] The relationship between the pressing force and the
size of the displacement area can be arbitrarily changed by
changing the thickness of the glass substrate 40 configuring
the counter substrate 32, the gap between the contact pads 24
and the counter electrodes 34 (i.e., the height of the protrud-
ing portions 25, the liquid crystal cell gap, etc.), and the like.
However, the relationship in which the displacement amount
of the counter substrate 32 increases and the displacement
area expands as the pressing force is increased holds regard-
less of the above-described conditions. Accordingly, the
present embodiment is not limited to being applied to a touch
panel 2 having a specific structure and specifications.

[0116] Note that with a touch pen having a small and con-
stant area of contact with the touch surface, the relationship
between the pressing force and the displacement area is deter-
mined uniquely, pressing force detection is simple, and there
are fewer errors in pressing force detection, thus making such
a touch pen preferable as the method of pressing. Note that as
will be described later, pressing force detection is possible in
the case of a finger as well.

[0117] FIG. 8 is a diagram showing the relationship
between pressing force and the number of displacement
points obtained from FIGS. 6A to 6G. The number of dis-
placement points on the vertical axis was obtained by count-
ing the total number of displacement points in the displace-
ment area. In the present embodiment, the displacement point
counting unit 5 performs this displacement point counting.
[0118] It can be understood from FIG. 8 that, for example,
the number of displacement points when the pressing force is
1.2 is double that when the pressing force is 1, and the press-
ing force of 1 and the pressing force of 1.2 can be distin-
guished from each other by counting the number of displace-
ment points. Furthermore, the number of displacement points
increases as the pressing force is increased to 1.4, 1.8,2.7, and
4.5. Accordingly, it can be understood that the pressing force
intensity can be detected by counting the number of displace-
ment points.
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[0119] The pressing force intensity can be detected by
obtaining the relationship between the pressing force and the
number of displacement points as shown in FIG. 8 inadvance,
and comparing the number of displacement points when
pressing force was actually applied to the relationship that
was obtained in advance. More specifically, stepwise levels of
pressing force can be detected by setting at least one threshold
value for the number of displacement points and comparing
the number of displacement points when pressing force was
applied to the at least one threshold value. Alternatively, the
pressing force intensity can be obtained by setting an approxi-
mation expression that indicates the relationship between the
pressing force and the number of displacement points as
shown in FIG. 8 in advance, and substituting the number of
displacement points when pressing force was applied into the
approximation expression. In the present embodiment, the
above-described threshold values and approximation expres-
sion are set in the pressing force deriving unit 6 in advance.
Then, the pressing force deriving unit 6 derives the pressing
force intensity using these threshold values and the approxi-
mation expression.

[0120] As described above, according to the present
embodiment, the displacement point counting unit 5 that
counts the number of displacement points and the pressing
force deriving unit 6 that derives information regarding the
pressing force intensity based on the number of displacement
points are provided. This enables realizing a microswitch-
system liquid crystal panel equipped with a touch sensor
function that can detect pressing force intensity.

[0121] Also, by providing the displacement point counting
unit 5 and the pressing force deriving unit 6 as described
above, the above-described problems in the microswitch sys-
tem disclosed in the aforementioned JP 2007-58070A (see
FIG. 15) can be resolved as described below.

[0122] Specifically, with the configuration disclosed in JP
2007-58070A (see F1G. 15), adjusting the sensitivity of press-
ing force detection required changing the heights of the pro-
jecting electrodes, which required changing the manufactur-
ing conditions for the projecting electrodes 905a, 90556, and
905c¢. In contrast, according to the present embodiment, the
sensitivity of pressing force detection can be adjusted by
changing a setting of the pressing force deriving unit 6, which
is an external circuit, without changing the height of the
projecting portions 25 (see FIG. 2B).

[0123] For example, the following is a specific description
ofthe case of detecting three levels of pressing force (pressing
force: weak, medium, and strong). In order to set weak press-
ing forceto 1.2 or lower, strong pressing force to 1.8 or higher,
and medium pressing force to between 1.2 and 1.8, according
to FIG. 8 it is sufficient to set 25 and 78 as threshold values for
the number of displacement points. In order to set weak
pressing force to 1.4 or lower, strong pressing force to 2.7 or
higher, and medium pressing force to between 1.4 and 2.7,
according to FIG. 8 it is sufficient to set 25 and 141 as
threshold values for the number of displacement points. In
this way, the sensitivity of pressing force detection can be
adjusted through the setting of the threshold values for the
number of displacement points. Accordingly, there is no need
to change a manufacturing step in order to perform sensitivity
adjusting as with the configuration disclosed in JP 2007-
58070A (see FIG. 15), and the sensitivity can be easily
adjusted according to the user and the usage scenario.
[0124] Also, the configuration disclosed in JP 2007-
58070A (see FIG. 15) has the problem that the pressing force
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detection sensitivity differs for each product due to dimen-
sional variation that unavoidably occurs in the manufacturing
of'the projecting electrodes 9054, 9055, and 905¢. In contrast,
according to the present embodiment, variation in the height
of the projecting portions 25 (see FIG. 2B) can be corrected
by changing a setting of the pressing force deriving unit 6,
which is an external circuit.

[0125] Forexample, consider the case where the projecting
portions 25 have been formed with a height greater than the
design value due to dimensional variation. In this case, the
gap between the contact bad 24 and the counter electrode 34
becomes narrower, and the contact bad 24 and the counter
electrode 34 come into contact even when the displacement
amount of the counter substrate 32 is less than the design
value. Accordingly, the number of pressed displacement
points is higher than that in FIG. 8 with respect to the same
pressing force. For example, in the case of determining that
the pressing force is weak when the pressing force is 1.2 or
lower, if the height of a projecting portion 25 is the design
value, according to FIG. 8 it is sufficient to set the threshold
value for the number of displacement points to 25. However,
in the case where the height of the projecting portions 25 is
greater than the design value, it is possible that, for example,
the number of pressed points is 25 when the pressing force is
1, the number of pressed points is 41 when the pressing force
is 1.2, and the number of pressed points is 78 when the
pressing force is 1.4. In such a case, it is sufficient to change
the threshold values for the number of displacement points to
41.

[0126] Inthis way, in the step of inspecting the liquid crys-
tal panel equipped with a touch sensor function, it is sufficient
to obtain the relationship between the pressing force and the
number of displacement points for each product, and if there
is adifference from a design value, to adjust the pressing force
detection sensitivity by changing the threshold value settings
in the pressing force deriving unit 6. Merely doing this
enables easily correcting dimensional variation in the project-
ing portions 25.

[0127] Furthermore, with the configuration disclosed in JP
2007-58070A (see FIG. 15), raising the pressing force detec-
tion resolution requires an increase in the number of types of
projecting electrodes with different heights, and in reality
there is a limit to the number of types. In contrast, according
to the present embodiment, the pressing force detection reso-
lution can be easily raised by changing a setting of the press-
ing force deriving unit 6, which is an external circuit. For
example, FIGS. 6 A and 6G show that the number of displace-
ment points changes in accordance with changing the press-
ing force in six levels. Accordingly, the pressing force can be
detected with six levels of resolution by appropriately setting
threshold values in the pressing force deriving unit 6. As
described above, in view of the fact that the number of dis-
placement points increases when the pressing force is
increased, a resolution higher or lower than six levels can also
be realized by arbitrarily setting the number of threshold
values.

[0128] The above description is directed to a liquid crystal
panel equipped with a touch sensor function that includes
microswitch-system displacement detection units 30. How-
ever, the liquid crystal panel equipped with a touch sensor
function of the present invention may include liquid crystal
capacitance-system displacement detection units. With the
liquid crystal capacitance system, the detected voltage, which
changes according to a change in the electrostatic capacitance
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configuring a displacement detection unit, is binarized by
being compared by the displacement point detection unit 3
with the reference value (threshold value) set in the compara-
tor. Accordingly, signal processing in the later stage coordi-
nate detection unit 4, displacement point counting unit 5, and
pressing force deriving unit 6 can be performed similarly to
the case of the microswitch system. As a result, the present
embodiment resolves a problem in the conventional liquid
crystal capacitance system disclosed in the aforementioned
JP 2008-58925A (see FIG. 16), that is to say, the problem of
being readily subjected to the influence of noise due to pro-
cessing a detected voltage in its original analog amount state,
thus making it difficult to accurately detect the pressing force
intensity.

Embodiment 2

[0129] In Embodiment 1, the displacement point counting
unit 5 counts the total number of displacement points that
constitute the two-dimensionally expanding displacement
area shown in FIGS. 6A to 6G. In contrast, in Embodiment 2,
the displacement point counting unit 5 counts the number of
displacement points that constitute the greatest width in the X
axis direction of the displacement area. Specifically, the dis-
placement point counting unit 5§ counts the number of dis-
placement points aligned in the X axis direction at the Y axis
direction position where the width in the X axis direction of
the displacement area is the greatest.

[0130] FIG. 9 is a diagram showing the relationship
between the number of displacement points constituting the
greatest width in the X axis direction of the displacement area
(the greatest number of displacement points in the X axis
direction) and the pressing force, which was obtained from
FIGS. 6A to 6G. It can be understood from FIG. 9 that, for
example, the greatest number of displacement points in the X
axis direction when the pressing force is 1.4 is 1.6 times that
when the pressing force is 1, and the pressing force of 1 and
the pressing force 1.4 can be distinguished from each other by
counting the greatest number of displacement points in the X
axis direction. Furthermore, the greatest number of displace-
ment points in the X axis direction increases as the pressing
force is increased to 1.8, 2.7, and 4.5. It can be understood
from the above that the intensity of pressing force can be
detected by counting the greatest number of displacement
points in the X axis direction.

[0131] The pressing force intensity can be detected by
obtaining the relationship between the pressing force and the
greatest number of displacement points in the X axis direction
as shown in FIG. 9 in advance, and comparing the greatest
number of displacement points in the X axis direction when
pressing force was actually applied to the relationship that
was obtained in advance.

[0132] Other aspects of Embodiment 2 are the same as
those in Embodiment 1, and effects similar to those in
Embodiment 1 are achieved.

[0133] Furthermore, with Embodiment 2, the time required
for counting can be shortened since there is no need for the
displacement point counting unit 5 to count the total number
of displacement points in the displacement area as in Embodi-
ment 1, and the time required for arithmetic calculation in the
pressing force deriving unit 6 can be shortened since the
amount of data to be processed is reduced.

Embodiment 3

[0134] In Embodiment 2, the displacement point counting
unit 5 counts the number of displacement points that consti-
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tute the greatest width in the X axis direction of the displace-
ment area. In contrast, in Embodiment 3, the displacement
point counting unit 5 counts the number of displacement
points that constitute the greatest width in the'Y axis direction
of'the displacement area. Specifically, the displacement point
counting unit 5 counts the number of displacement points
aligned in the Y axis direction at the X axis direction position
where the width in the Y axis direction of the displacement
area is the greatest.

[0135] FIG. 10 is a diagram showing the relationship
between the number of displacement points constituting the
greatest width in the Y axis direction of the displacement area
(the greatest number of displacement points in the Y axis
direction) and the pressing force, which was obtained from
FIGS. 6A to 6G. It can be understood from FIG. 10 that, for
example, the greatest number of displacement points in the Y
axis direction when the pressing force is 1.2 is 2 times that
when the pressing force is 1, and the pressing force of 1 and
the pressing force 1.2 can be distinguished from each other by
counting the greatest number of displacement points in the' Y
axis direction. Furthermore, the greatest number of displace-
ment points in the Y axis direction increases as the pressing
forceis increasedto 1.4,1.8,2.7,and 4.5. It can be understood
from the above that the intensity of pressing force can be
detected by counting the greatest number of displacement
points in the Y axis direction.

[0136] The pressing force intensity can be detected by
obtaining the relationship between the pressing force and the
greatest number of displacement points in the'Y axis direction
as shown in FIG. 10 in advance, and comparing the greatest
number of displacement points in the Y axis direction when
pressing force was actually applied to the relationship that
was obtained in advance.

[0137] Other aspects of Embodiment 3 are the same as
those in Embodiment 1, and effects similar to those in
Embodiment 1 are achieved.

[0138] Furthermore, with Embodiment 3, the time required
for counting can be shortened since there is no need for the
displacement point counting unit 5 to count the total number
of displacement points in the displacement area as in Embodi-
ment 1, and the time required for arithmetic calculation in the
pressing force deriving unit 6 can be shortened since the
amount of data to be processed is reduced.

Embodiment 4

[0139] In Embodiments 1 to 3, mainly the case of using a
touch pen is described as the method of applying pressing
force. Embodiment 4 describes the case of using a finger.

[0140] Inthe case of applying pressing force using a finger,
it is difficult to uniquely determine the relationship between
the number of displacement points and the pressing force
since the finger size differs from person to person. FIGS. 11A
and 11B are cross-sectional diagrams showing how displace-
ment points (the size of a displacement area) change accord-
ing to the size of a finger. Similarly to FIGS. 7A and 7B,
among the projecting portions 25 formed on the counter sub-
strate 32 in FIGS. 11A and 11B, the projecting portions 25
that configure the displacement detection units 30 for which
the displacement point detection unit 3 determined that the
counter substrate 32 was displaced are colored solid black.
On the other hand, in FIGS. 11A and 11B, the projecting
portions 25 that configure the displacement detection units 30
for which the displacement point detection unit 3 determined
that the counter substrate 32 was not displaced are shown
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hollowed. As shown schematically in FIGS. 11A and 11B; it
can be understood that even with the same pressing force, the
contact bad 24 and the counter electrode 34 come into contact
in more displacement detection units 30, and the number of
displacement points is higher in the case of being pressed by
a wide finger 53 shown in FIG. 11B than the case of being
pressed with a narrow finger 52 shown in FIG. 11A (the
number of displacement points is four in FIG. 11A and six in
FIG. 11B).

[0141] If the sensitivity of pressing force detection is set
based on the narrow finger 52, when the person with the wide
finger 53 merely lightly presses the finger 53, the number of
displacement points that is counted is approximately the same
as that in the case where the person with the narrow finger 52
has strongly pressed the finger 52, and the pressing force is
detected as being high. This results in the problem that it is
difficult for a person with a wide finger to use a light pressing
function.

[0142] Conversely, ifthe sensitivity of pressing force detec-
tion is set based on the wide finger 53, the person with the
narrow finger 52 needs to press the finger 52 with more force
than the person with the wide finger in order for the same
number of displacement points to be counted, thus resulting
in the problem of a feeling of tiredness.

[0143] As one method of resolving the above-described
problem, there is a method of setting the pressing force detec-
tion reference in accordance with an average finger size. With
this method, it is possible for a person with a finger size far
away from the average finger size to feel a sense of user-
unfriendliness.

[0144] The present embodiment proposes a different
resolving method. Specifically, in the present embodiment,
pressing force detection in the pressing force deriving unit 6
is performed not based on an absolute value of the number of
displacement points as in Embodiments 1 to 3, but rather
based on an amount of change in the number of displacement
points during a pressing operation (i.e., a change in pressing
force intensity).

[0145] FIG. 12 is a block diagram of a touch sensor unit of
a liquid crystal panel equipped with a touch sensor function
according to Embodiment 4 of the present invention. In
Embodiment 4, the pressing force deriving unit 6 differs from
the pressing force deriving unit 6 in FIG. 1 in that a storage
unit 6a and a comparison calculation unit 65 are included
therein.

[0146] The following describes pressing force detection of
the present embodiment using a specific example.

[0147] If a pressing operation performed using a finger is
considered moment to moment, such an operation is gener-
ally considered to be performed such that first the touch
surface is lightly touched by the finger, and then the touch
surface is strongly pressed.

[0148] Inview ofthis, the number of displacement points at
the point in time when the touch surface was first lightly
touched by the finger is counted by the displacement point
counting unit 5 and stored in the storage unit 6a. Then data
regarding the number of displacement points stored in the
storage unit 6a and data regarding the number of displace-
ment points counted by the displacement point counting unit
5 is sent to the comparison calculation unit 65. The compari-
son calculation unit 65 performs a comparison calculation on
the two data pieces. The comparison calculation unit 65 out-
puts intensity information 8 indicating light pressing since
neither data piece is zero, and furthermore the difference
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between the data pieces is zero. For example, the number of
displacement points when the touch surface is first lightly
touched by the finger is four in the case of the narrow finger 52
shown in FIG. 13 A and six in the case of the wide finger 53
shown in FIG. 14A. In this way, although the number of
displacement points differs depending on the finger size, it is
determined that the press is a weak press in both cases.
[0149] Thereafter, when the touch surface is pressed with a
high force, the number of displacement points increases. The
number of displacement points at this time is counted by the
displacement point counting unit 5, and data regarding the
number of displacement points is sent to the comparison
calculation unit 6. The comparison calculation unit 65 per-
forms a comparison calculation on the data regarding the
number of displacement points sent from the displacement
point counting unit 5 and the data regarding the number of
displacement points stored in the storage unit 6a. The com-
parison calculation unit 65 calculates an amount of change
(amount of increase) in the number of displacement points
sent from the displacement point counting unit 5 relative to
the number of displacement points stored in the storage unit
6a, and outputs intensity information 8 in accordance with the
amount of change. For example, in the case of the narrow
finger 52, the number of displacement points when the finger
is strongly pressed is eight as shown in FIG. 13B, and the
amount of increase in the number of displacement points
compared to FIG. 13A is four, and therefore it is determined
that the pressing force in FIG. 13B is strong pressing. Also, in
the case of the wide finger 52, the number of displacement
points when the finger is strongly pressed is ten as shown in
FIG. 14B, and the amount of increase in the number of dis-
placement points compared to FIG. 14A is four, and therefore
it is determined that the pressing force in FIG. 14B is strong
pressing. In this way, although the number of displacement
points differs depending on the finger size, it is determined
that the press is a strong press in both cases since the amount
of increase in the number of displacement points is the same.
[0150] Although setting is performed such that it is deter-
mined that a press is a strong press if the amount of increase
in the number of displacement points is four or more in the
above-described specific example, the value of the threshold
and the number of threshold values for making a determina-
tion regarding the amount of increase in the number of dis-
placement points is not limited to this. For example, the
pressing force detection resolution can be set arbitrarily, such
as determining that a press is a medium press if the amount of
increase in the number of displacement points is greater than
or equal to four and less than eight, and is a strong press if the
amount of increase in the number of displacement points is
greater than or equal eight.

[0151] Note that in FIGS. 13A, 13B, 14A, and 14B, simi-
larly to FIGS. 11 A and 11B, among the projecting portions 25
formed on the counter substrate 32, the projecting portions 25
that configure the displacement detection units 30 for which
the displacement point detection unit 3 determined that the
counter substrate 32 was displaced are colored solid black.
[0152] In the above description, the displacement point
counting unit 5 counts the number of displacement points
constituting the greatest width in the X axis direction or the Y
axis direction of the displacement area as described in
Embodiments 2 and 3, but the total number of displacement
points constituting the displacement area may be counted.
Note that compared with the latter case, in the former case the
time required for counting in the displacement point counting
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unit S can be shortened, and the time required for arithmetic
calculation in the pressing force deriving unit 6 can be short-
ened, and thus the former case is preferable.

[0153] As described above, with Embodiment 4, the inten-
sity of pressing force can be detected regardless of the abso-
lute value of the number of displacement points, thus
enabling accurately detecting pressing force regardless of the
finger size. Also, Embodiment 4 is not limited to the case of
pressing with a finger, and can also be applied to the case of
pressing with a touch pen.

[0154] Other aspects of Embodiment 4 are the same as
those in Embodiment 1, and effects similar to those in
Embodiment 1 are achieved.

[0155] The present invention enables different information
to be input through differences in pressing force, and there-
fore can be used as a liquid crystal panel equipped with a
touch sensor function.

1. A liquid crystal panel equipped with a touch sensor
function comprising:

a touch panel that comprises a pair of substrates arranged
opposing each other and a plurality of displacement
detection units that are provided between the pair of
substrates and output a signal due to one substrate out of
the pair of substrates being pressed and becoming dis-
placed;

a displacement point detection unit that, based on the sig-
nals output from the plurality of displacement detection
units, binarily detects whether the one substrate has
become displaced at each position of the plurality of
displacement detection units;

a coordinate detection unit that detects coordinates of,
among the plurality of displacement detection units, a
displacement detection unit for which the displacement
point detection unit detected that the one substrate
became displaced, and outputs information regarding
the position of the pressing;

a displacement point counting unit that counts the number
of displacement detection units for which the displace-
ment point detection unit detected that displacement
occurred among the plurality of displacement detection
units; and

a pressing force deriving unit that outputs information
regarding a pressing force intensity based on the number
of displacement detection units counted by the displace-
ment point counting unit.

2. The liquid crystal panel equipped with a touch sensor
function according to claim 1, wherein the plurality of dis-
placement detection units each include a pair of electrodes
respectively formed on mutually opposing faces of the pair of
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substrates and output the signal in a case where the pair of
electrodes have come into contact with each other due to
displacement of the one substrate.

3. The liquid crystal panel equipped with a touch sensor
function according to claim 1, wherein the plurality of dis-
placement detection units each include an electrostatic
capacitance configured by a pair of electrodes respectively
formed on mutually opposing faces of the pair of substrates
and output the signal in accordance with a change in the
electrostatic capacitance that occurs due to displacement of
the one substrate.

4. The liquid crystal panel equipped with a touch sensor
function according to claim 1, wherein the displacement point
counting unit counts the total number of displacement detec-
tion units for which the displacement point detection unit
detected that displacement occurred among the plurality of
displacement detection units.

5. The liquid crystal panel equipped with a touch sensor
function according to claim 1,

wherein the plurality of displacement detection units are
arranged so as to be aligned in two orthogonal alignment
directions, and

the displacement point counting unit counts the greatest
number of displacement detection units aligned along
one direction out of the two alignment directions among
the displacement detection units for which the displace-
ment point detection unit detected that displacement
occurred.

6. The liquid crystal panel equipped with a touch sensor
function according to claim 1, wherein the pressing force
deriving unit compares the number of displacement detection
units counted by the displacement point counting unit with a
relationship between the number of displacement detection
units and pressing force that has been set in advance, and
outputs the information regarding the pressing force intensity
in accordance with the number of displacement detection
units.

7. The liquid crystal panel equipped with a touch sensor
function according to claim 1,

wherein the pressing force deriving unit comprises:

a storage unit that stores the number of displacement detec-
tion units counted by the displacement point counting
unit at the start of a pressing operation; and

a comparison calculation unit that performs a comparison
calculation on the number of displacement detection
units counted by the displacement point counting unit
during a pressing operation and the number of displace-
ment detection units stored in the storage unit.
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