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(57) The present invention relates to a touch-sensor-
provided liquid crystal display device (10), the touch-sen-
sor-provided liquid crystal display device (10) including
a liquid crystal display panel (20) which includes a plu-
rality of photo sensors (40) for detecting a touched posi-
tion, and a backlight unit (90) provided on a backside of
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LIQUID CRYSTAL DISPLAY DEVICE WITH TOUCH SENSOR HOUSED THEREIN

the liquid crystal display panel (20). The backlight unit
(90) emits light at least part of which serves as light (L10)
dedicated to sensing which is used for position detection
by the plurality of photo sensors (40), and the light (L10)
dedicated to sensing travels in a direction (D2) which is
different from a direction (D1) toward a main viewer (V)
of the liquid crystal display panel (20).
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Description
Technical Field

[0001] The present invention relates to a touch-sen-
sor-provided liquid crystal display device which is capa-
ble of position detection.

Background Art

[0002] Conventionally, liquid crystal display devices
with built-in touch sensors, i.e., liquid crystal display de-
vices each of which contains a touch sensor have been
widely used.

[0003] According to the liquid crystal display device
with the touch sensor, for example, photo sensors for
detecting light is contained in a pixel of a TFT (Thin Film
Transistor) liquid crystal display panel included in the lig-
uid crystal display device. When a viewer V of the touch-
sensor-provided liquid crystal display device touches the
liquid crystal display panel of the touch-sensor-provided
liquid crystal display device, an amount of light received
by the photo sensors is changed, and the change in the
amount of light is used for detecting a position of the
touch. The light received by the photo sensors can be,
for example, ambient light of the touch-sensor-provided
liquid crystal display device or light emitted from a back-
light unit provided on a backside of the liquid crystal dis-
play panel.

[0004] Various configurations have proposed for such
a touch-sensor-provided liquid crystal display device.

(Patent Literature 1)

[0005] For example, Patent Literature 1 discloses a
display device integrated with a touch panel which de-
tects a shadow generated when external light (corre-
sponding to the ambient light) is obstructed by a touch.
Patent Literature 1 further discloses a technique for im-
proving accuracy of the detection in which technique the
backlight is being turned off during the detection by sen-
sors so that an effect of light emitted from the backlight
can be reduced in detecting the shadow.

(Patent Literature 2)

[0006] Patent Literature 2 discloses a technique to de-
tect a shadow of an object by photo sensor pixels and
then obtain a center position of the shadow, etc., thereby
detecting a coordinate position of the object.

Patent Literature 1

Japanese Patent Application Publication, Tokukai,
No. 2006-317682 A (Publication Date: November
24, 2006)

Patent Literature 2

Japanese Patent Application Publication, Tokukai,
No. 2007-226045 A (Publication Date: September
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6, 2007)
Summary of Invention

[0007] However, according to the conventional touch-
sensor-provided liquid crystal display device, it is difficult
to detect a touch while the liquid crystal display panel is
displaying a black image. The following describes this
problem with reference to the attached drawings.

(Configuration of Touch-sensor-provided Liquid Crystal
Display Device)

[0008] (a) and (b) of Fig. 17 are schematic diagrams
illustrating conventional techniques, where position de-
tection is carried out during a white display. (a) of Fig. 17
illustrates a state where a finger F of a viewer V does not
touch a liquid crystal display panel 20. (b) of Fig. 17 il-
lustrates a state where the finger F of the viewer V is
touching the liquid crystal display panel 20.

[0009] As shown in (a) of Fig. 17, a touch-sensor-pro-
vided liquid crystal display device 10 includes the liquid
crystal display panel 20 and a backlight unit 90 provided
on a backside of the liquid crystal display panel 20. The
liquid crystal display panel 20 includes a first substrate
32 and a second substrate 34 which face each other, and
a liquid crystal layer 36 arranged between the first sub-
strate 32 and the second substrate 34.

[0010] Moreover, according to the configuration shown
in (a) of Fig. 17, a photo sensor 40 is provided on the first
substrate 32. Note that, for example, a plurality of photo
sensors 40 are provided, in a grid pattern, inside the liquid
crystal display panel.

[0011] The backlight unit 90 provided on the backside
of the liquid crystal display panel 20 emits light in a di-
rection D1 toward the main viewer V.

(During White Display)

[0012] During a white display in which the liquid crystal
display panel 20 displays a bright image such as a white
image, most of the light emitted from the backlight unit
90 passes through the liquid crystal display panel 20.
Accordingly, as shown in (a) of Fig. 17, transmissive light
L1 for image display becomes intense.

[0013] When the finger F of the viewer V touches the
liquid crystal display panel 20 during the white display,
the transmissive light L1 for image display is reflected by
the finger F of the viewer V, and accordingly finger re-
flection light L3 is generated (see (b) of Fig. 17). Further,
the photo sensor 40 detects the finger reflection light L3
so as to detect, inside the liquid crystal display panel 20,
a position of the touch by the finger F.

(During Black Display)

[0014] The following describes a case of a black dis-
play, in which the liquid crystal display panel 20 displays
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a dark image such as a black image, with reference to
(a) and (b) of Fig. 18. (a) and (b) of Fig. 18 are schematic
diagrams illustrating conventional techniques, where po-
sition detection is carried out during a black display. (a)
of Fig. 18 illustrates a state where a finger of a viewer
does not touch a liquid crystal display panel. (b) of Fig.
18 illustrates a state where the finger of the viewer is
touching the liquid crystal display panel.

[0015] During the black display of the liquid crystal dis-
play panel 20, most of the light emitted from the backlight
unit 90 is obstructed by the liquid crystal display panel
20. Accordingly, transmissive light L5 for image display,
which light is to pass through the liquid crystal display
panel 20, is less intense than the transmissive light L1
for image display during the white display shown in (a)
of Fig. 17.

[0016] When the finger F of the viewer V touches the
liquid crystal display panel 20 during the black display,
the transmissive light L5 for image display is reflected by
the finger F of the viewer V, and accordingly finger re-
flection light L7 is generated (see (b) of Fig. 18). The
finger reflection light L7 is less intense than the transmis-
sive light L5 for image display because the finger reflec-
tion light L7 is generated by reflection. Further, during
the black display, the transmissive light L5 for image dis-
play itself which is to be reflected is not intense so much.
Accordingly, the finger reflection light L7 becomes less
intense than the finger reflection light L3 during the white
display.

[0017] According to the configuration, the reflected
light used for position detection is not intense so much.
This makes it difficult for the photo sensor 40 to detect
the finger reflection light L7. Consequently, it becomes
difficult to carry out the position detection.

[0018] Ifintensity of the transmissive light L5 forimage
display during the black display is increased so that the
photo sensor 40 can certainly detect the finger reflection
light L7, a problem of deterioration in display quality oc-
curs. For example, the black display can be grayish due
to excess brightness.

[0019] The present invention is accomplished in view
ofthe problem, and an object thereofis to provide a touch-
sensor-provided liquid crystal display device which is ca-
pable of accurate position detection without deteriorating
display quality even while a dark image is being dis-
played.

[0020] Inorderto attain the object, a touch-sensor-pro-
vided liquid crystal display device of the presentinvention
includes: aliquid crystal display panelincluding a plurality
of photo sensors for detecting a touched position; and a
backlight unit provided on a backside of the liquid crystal
display panel, the backlight unit emitting light at least part
of which serves as light dedicated to sensing which is
used for the detection of the touched position by the plu-
rality of photo sensors, and the light dedicated to sensing
traveling out from the liquid crystal display panel in a di-
rection which is different from a direction toward a main
viewer of the liquid crystal display panel.
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[0021] According to the configuration, the light dedi-
cated to sensing which is used for position detection by
the photo sensors travels in the direction different from
the direction toward the main viewer of the liquid crystal
display panel.

[0022] As described above, the position detection is
carried out by the photo sensors when the photo sensors
detect change in intensity of light emitted by the backlight
unit. The change occurs when the light is obstructed by
a finger, etc. which is touching the liquid crystal display
panel. Accordingly, during the position detection, itis nec-
essary that light to be detected by the photo sensors is
being emitted.

[0023] In a case where the liquid crystal display panel
displays a dark image, etc., itis preferable that light emit-
ted by the backlight unit is not intense so that a black
image, etc. can be seen more blackly. However, in such
a case where the light emitted by the backlight unit is not
intense, it is difficult for the photo sensors to detect the
change in intensity of the light.

[0024] Therefore, with the conventional technique, it
is difficult to both (i) secure display quality in displaying
a black image, etc. and (ii) achieve accurate position de-
tection, while the liquid crystal display panel is displaying
a dark image, etc.

[0025] Inview of this, according to the configuration of
the present invention, the light dedicated to sensing trav-
els in the direction different from the direction toward the
main viewer of the liquid crystal display panel. With the
configuration, itis difficult for the main viewer to recognize
the light dedicated to sensing. Therefore, even while the
liquid crystal display panel is displaying a dark image,
etc., the light dedicated to sensing can be emitted without
deteriorating the display quality. This allows the photo
sensors to easily detect the change in intensity of light,
even while the liquid crystal display panel is displaying a
dark image, etc.

[0026] As described above, according to the configu-
ration of the present invention, it is possible to provide
the touch-sensor-provided liquid crystal display device
which enables accurate position detection without dete-
riorating display quality, even while a dark image is being
displayed.

[0027] According to the touch-sensor-provided liquid
crystal display device of the present invention, it is pref-
erable that the liquid crystal display panel includes a first
substrate and a second substrate which face each other,
the first substrate and the second substrate being pro-
vided with respective light-shielding layers for controlling
a direction in which the light dedicated to sensing travels;
and the light dedicated to sensing which is originally emit-
ted by the backlight unitis not shielded by the light-shield-
ing layers, and subsequently passes through the liquid
crystal display panel so as to travel out from the liquid
crystal display panel in the direction different from the
direction toward the main viewer of the liquid crystal dis-
play panel.

[0028] According to the touch-sensor-provided liquid
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crystal display device of the present invention, it is pref-
erable that: the light-shielding layers, which are provided
in the first substrate and the second substrate, respec-
tively have slits which are openings provided in the light-
shielding layers, the slits not overlapping each other as
seen from a normal direction with respect to the liquid
crystal display panel; and the light dedicated to sensing
which is originally emitted by the backlight unit passes
through the slits provided in the light-shielding layers,
and subsequently passes through the liquid crystal dis-
play panel so as to travel out from the liquid crystal display
panel in the direction different from the direction toward
the main viewer of the liquid crystal display panel.
[0029] The configuration makes it possible to easily
control, by providing the light-shielding layers on both the
substrates which are provided in the liquid crystal display
panel, a direction in which the light dedicated to sensing
travels.

[0030] In particular, according to the configuration in
which slits are openings provided in the light-shielding
layers, the direction in which the light dedicated to sens-
ing travels can be easily controlled by changing a posi-
tional relation between the slit in the first substrate and
the slitin the second substrate. Further, the configuration
makes it possible to easily reduce a range of the direction
in which the light dedicated to sensing travels.

[0031] According to the touch-sensor-provided liquid
crystal display device of the present invention, it is pos-
sible that: the liquid crystal display panel includes (i) a
first substrate which is provided on a display surface side
of the liquid crystal display panel and (ii) a second sub-
strate which is provided on a side of the liquid crystal
display panel on which side the backlight unit is provided,
the first substrate and the second substrate being pro-
vided so as to face each other, and at least the first sub-
strate being provided with a parallax barrier which has a
striped shape and controls light emitted from the liquid
crystal display panel to travel in two or more arbitrary
directions; and the light dedicated to sensing is at least
one of light beams traveling in the two or more arbitrary
directions.

[0032] According to the touch-sensor-provided liquid
crystal display device of the present invention, it is pref-
erable that: the liquid crystal display panel is a dual view
liquid crystal display panel.

[0033] According to the configuration, the light dedi-
cated to sensing travels in at least one of directions in
which light controlled by the parallax barrier travels.
[0034] The parallax barrier is a lattice-shaped light-
shielding layer, such as a light-shielding layer having a
striped shape, which controls light emitted from a liquid
crystal display panel to travel in, for example, two or three
directions. The liquid crystal display panel which includes
the parallax barrier can be, for example, a so-called dual
view liquid crystal display panel, a VeilView liquid crystal
display panel, a 3D (Three Dimensional) liquid crystal
display panel, or the like, with which emitted light is con-
trolled to travel intwo directions. Moreover, a liquid crystal
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display panel with which emitted light is controlled to trav-
el in three directions can be, for example, a so-called
triple view liquid crystal display panel.

[0035] In a case where the liquid crystal display panel
(e.g., the dual view liquid crystal display panel) which
includes the parallax barrier is used for controlling a di-
rection in which the light dedicated to sensing travels, it
is not necessary to additionally provide, inside the liquid
crystal display panel, a region for transmitting the light
dedicated to sensing. This makes it possible to easily
control the direction in which the light dedicated to sens-
ing travels.

[0036] According to the touch-sensor-provided liquid
crystal display device of the present invention, it is pos-
sible that: the light dedicated to sensing is being emitted
while the liquid crystal display panel is displaying an im-
age.

[0037] According to the configuration, the light dedi-
cated to sensing is being emitted in the direction different
from the direction toward the main viewer of the liquid
crystal display panel.

[0038] The configuration makes it possible to carry out
accurate position detection without failing to detect a sud-
den touch, etc., while preventing deterioration of display
quality.

[0039] As described above, according to the touch-
sensor-provided liquid crystal display device of the
present invention, the backlight unit emits light at least
part of which serves as light dedicated to sensing which
is used for position detection by the plurality of photo
sensors, and the light dedicated to sensing travels in the
direction different from the direction toward the main
viewer of the liquid crystal display panel.

[0040] Therefore, it is possible to provide the touch-
sensor-provided liquid crystal display device which ena-
bles accurate position detection without deteriorating dis-
play quality, even while a dark image is being displayed.

Brief Description of Drawings
[0041]

Fig. 1

Fig. 1 is a schematic diagram illustrating a state
where position detection is carried out during a white
display, in accordance with an embodiment of the
present invention: (a) illustrates a state where a fin-
ger of a viewer does not touch a liquid crystal display
panel and (b) illustrates a state where the finger of
the viewer is touching the liquid crystal display panel.
Fig. 2

Fig. 2 is a schematic diagram illustrating a state
where position detection is carried out during a black
display, in accordance with an embodiment of the
present invention: (a) illustrates a state where a fin-
ger of a viewer does not touch a liquid crystal display
panel and (b) illustrates a state where the finger of
the viewer is touching the liquid crystal display panel.
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Fig. 3

Fig. 3 is a plane view schematically illustrating struc-
tures of pixels in a touch-sensor-provided liquid crys-
tal display device, in accordance with an embodi-
ment of the present invention.

Fig. 4

Fig. 4 is a view illustrating a photo sensor region in
accordance with an embodiment of the present in-
vention: (a) is a plane view schematically illustrating
a structure and (b) is a schematic view illustrating a
structure of materials in a semiconductor section.
Fig. 5

Fig. 5 is a view illustrating a photo sensor region in
accordance with an embodiment of the present in-
vention: (a) is a cross-sectional view taken along the
line B-B in (a) of Fig. 4, and (b) is a cross-sectional
view taken along the line C-C in (a) of Fig. 4.

Fig. 6

Fig. 6 is a schematic view illustrating a circuit struc-
ture of a touch sensor in accordance with an embod-
iment of the present invention.

Fig. 7

Fig. 7 is a view schematically illustrating a structure
of a transistor region in accordance with an embod-
iment of the present invention.

Fig. 8

Fig. 8 is a cross-sectional view taken along the line
D-D in Fig. 7.

Fig. 9

Fig. 9 is a view schematically illustrating a structure
of a light-transmitting region for sensing, in accord-
ance with an embodiment of the present invention.
Fig. 10

Fig. 10is a view illustrating a light-transmitting region
for sensing, in accordance with the embodiment of
the present invention: (a) is a cross-sectional view
taken along the line E-E in Fig. 9 and (b) is a cross-
sectional view taken along the line F-F in Fig. 9.
Fig. 11

Fig. 11 is a cross-sectional view taken along the line
G-Gin Fig. 3.

Fig. 12

Fig. 12 is a cross-sectional view taken along the line
H-H in Fig. 3.

Fig. 13

Fig. 13 is a view illustrating an example of use of the
touch-sensor-provided liquid crystal display device
of the present invention: (a) is a perspective view
and (b) is a lateral view.

Fig. 14

Fig. 14 is a view illustrating an example of use of the
touch-sensor-provided liquid crystal display device
of the present invention: (a) is a perspective view
and (b) is a lateral view.

Fig. 15

Fig. 15 is a view illustrating another configuration of
the touch-sensor-provided liquid crystal display de-
vice of the present invention.
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Fig. 16

Fig. 16 is a view illustrating an image of a radiation
characteristic of transmissive light for sensing, in ac-
cordance with an embodiment of the present inven-
tion.

Fig. 17

Fig. 17 is a schematic diagram illustrating a state
where position detection is carried out during a white
display, in accordance with a conventional tech-
nique: (a) illustrates a state where a finger of a viewer
does not touch a liquid crystal display panel and (b)
illustrates a state where the finger of the viewer is
touching the liquid crystal display panel.

Fig. 18

Fig. 18 is a schematic diagram illustrating a state
where position detection is carried out during a black
display, in accordance with conventional technique:
(a) illustrates a state where a finger of a viewer does
not touch a liquid crystal display panel and (b) illus-
trates a state where the finger of the viewer is touch-
ing the liquid crystal display panel.

Reference Signs List
[0042]

10: Touch-sensor-provided Liquid crystal display de-
vice

20: Liquid crystal display panel

22: Display surface

32: First substrate

34: Second substrate

44: Light-shielding electrode (light-shielding layer)
448: Slit in light-shielding electrode (slit)

47: Black matrix (light-shielding layer, parallax bar-
rier)

478S: Slit in black matrix (slit)

90: Backlight unit

L10: Transmissive light for sensing (Light dedicated
to sensing)

D1: Direction toward main viewer

D2: Direction different from direction toward main
viewer

V: Viewer

Description of Embodiments

[0043] The following describes one embodiment of the
present invention with reference to (a) and (b) of Fig. 1,
etc.

(Schematic Structure)

[0044] Each of (a) and (b) of Fig. 1 is a schematic di-
agram illustrating a state where position detection is car-
ried out during a white display, in accordance with the
present embodiment. (a) of Fig. 1 illustrates a state where
a finger F of a main viewer V does not touch a liquid
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crystal display panel 20. (b) of Fig. 1 illustrates a state
where the finger F of the main viewer V is touching the
liquid crystal display panel 20.

[0045] As shown in (a) of Fig. 1, a touch-sensor-pro-
vided liquid crystal display device 10 of the present em-
bodiment includes the liquid crystal display panel 20 and
a backlight unit 90 provided on a backside of the liquid
crystal display panel 20. The liquid crystal display panel
20 includes a first substrate 32 and a second substrate
34 which face each other, and a liquid crystal layer 36
arranged between the first substrate 32 and the second
substrate 34.

[0046] Moreover, a photo sensor 40 is provided on the
first substrate 32. Note that, for example, a plurality of
photo sensors 40 are provided inside the liquid crystal
display panel 20 in a grid pattern.

[0047] The backlight unit 90 provided on the backside
of the liquid crystal display panel 20 emits light in a di-
rection D1 toward the main viewer V.

[0048] According to the touch-sensor-provided liquid
crystal display device 10 of the present embodiment, the
light emitted from the backlight unit 90 travels not only in
the direction D1 toward the main viewer V but also in a
direction other than the direction D1 toward the main
viewer V. The light traveling in the direction other than
the direction D 1 toward the main viewer V serves as light
dedicated to sensing which light is used for position de-
tection. The following describes the configuration in cas-
es during a white display and a black display.

(During White Display)

[0049] The white display represents a case where the
liquid crystal display panel 20 displays a bright image
such as a white image.

[0050] According to the touch-sensor-provided liquid
crystal display device 10 of the present embodiment
shown in (a) of Fig. 1 which illustrates the touch-sensor-
provided liquid crystal display device 10 during the white
display, the backlight unit 90 emits transmissive light L1
for image display in the direction D1 toward the main
viewer V. The backlight unit 90 emits light, in addition to
the transmissive light L1 for image display, in a direction
D2 which is different from the direction D1 toward the
main viewer V. The light emitted in the direction D2 which
is different from the direction D1 toward the main viewer
V is transmissive light L10 for sensing, which is used for
detecting a position of a touch, not for showing an image
on the liquid crystal display panel 20 to the main viewer
V. That is, the transmissive light L10 for sensing serves
as the light dedicated to sensing.

[0051] The transmissive light L10 for sensing travels
in the direction D2 which is different from the direction
D1 toward the main viewer V. This makes it difficult for
the main viewer V to recognize the transmissive light L10
for sensing.

[0052] When the finger F of the viewer V touches the
liquid crystal display panel 20, the transmissive light L1
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forimage display and the transmissive light L10 for sens-
ing are reflected by the finger F of the viewer V, and
accordingly finger reflection light L13 is generated (see
(b) of Fig. 1). Further, the photo sensor 40 detects the
finger reflection light L13 so as to detect, inside the liquid
crystal display panel 20, a position of the touch by the
finger F.

(During Black Display)

[0053] The following describes a case of the black dis-
play in which the liquid crystal display panel 20 displays
a dark image such as a black image, with reference to
(a) and (b) of Fig. 2.

[0054] (a) and (b) of Fig. 2 are schematic diagrams
illustrating the present embodiment, where position de-
tection is carried out during a black display. (a) of Fig. 2
illustrates a state where the finger F of the viewer V does
not touch the liquid crystal display panel 20. (b) of Fig. 2
illustrates a state where the finger F of the viewer V is
touching the liquid crystal display panel 20.

[0055] Transmissive light L5 for image display, which
is originally emitted from the backlight unit 90 and then
travels in the direction D1 toward the viewer V, is mostly
obstructed by the liquid crystal display panel 20 display-
ing the black display. Accordingly, the transmissive light
L5 forimage display is less intense than the transmissive
light L1 for image display during the white display shown
in (a) of Fig. 1.

[0056] On the other hand, the transmissive light L10
for sensing travels in the direction D2 which is different
from the direction D1 toward the main viewer V. Accord-
ingly, the transmissive lightL10 for sensing does not need
to be obstructed by the liquid crystal display panel 20
during the black display. This is because the transmissive
light L10 for sensing does not travel in the direction D1
toward the main viewer V, and accordingly it is difficult
for the main viewer V to recognize the transmissive light
L10 for sensing. Therefore, deterioration in display qual-
ity such as grayish black display due to excess brightness
or degradation of contrast can hardly occur, even though
the transmissive light L10 for sensing is not obstructed
by the liquid crystal display 20 during the black display.
[0057] When the finger F of the viewer V touches the
liquid crystal display panel 20 during the black display,
the finger F of the viewer V reflects not only the trans-
missive light L5 for image display but also the transmis-
sive light L10 for sensing, and accordingly finger reflec-
tion light L13 is generated (see (b) of Fig. 2).

[0058] Part of the finger reflection light L13, which part
is derived from the transmissive light L5 forimage display,
has small intensity because the transmissive light L5 for
image display itself has small intensity, as described
above. However, the transmissive light L10 for sensing
is intense because the transmissive light L10 for sensing
is not obstructed during the black display. This allows
part of the finger reflection light L13, which part is derived
from the transmissive light L10 for sensing, to become
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intense. Accordingly, the part of the finger reflection light
L13 derived from the transmissive light L10 for sensing
has sufficient intensity for the photo sensor 40 to sense
the light.

[0059] Consequently, the touch-sensor-provided lig-
uid crystal display device 10 of the present embodiment
makes it possible to accurately detect a touch even during
a black display. Accordingly, precise position detection
can be carried out.

(Transmissive Light for Sensing)

[0060] The following schematically describes the
transmissive light L10 for sensing.

[0061] Fig. 3 is a plane view schematically illustrating
a structure of the touch-sensor-provided liquid crystal dis-
play device 10 of the present embodiment. Fig. 12 is a
cross-sectional view taken along the line H-H in Fig. 3.
[0062] According to the present embodiment shown in
Fig. 3, a unit of pixels 60 of three colors (i.e., a red pixel
60R, a green pixel 60G, and a blue pixel 60B) has (i) a
light-transmitting region R10 for sensing which transmits
the transmissive light L10 for sensing and (ii) a photo
sensor region R20 in which the photo sensor (not illus-
trated) is provided.

[0063] Specifically, the light-transmitting region R10
for sensing is mainly provided in a region in the blue pixel
60B in which region a pixel electrode 62 for the blue pixel
60B is not provided. The photo sensor region R20 is
mainly provided in a region in the red pixel 60R in which
region a pixel electrode 62 for the red pixel 60R is not
provided.

[0064] The following specifically describes the light-
transmitting region R10 for sensing, with reference to Fig.
12.

[0065] In the light-transmitting region R10 for sensing,
(i) an electrode 42 of transmissive light for sensing which
consecutively remains on-condition and (ii) a light-shield-
ing electrode 44 which controls a traveling direction of
the transmissive light L10 for sensing are provided on a
first substrate 32 which is provided on a TFT side.
[0066] On the other hand, a second substrate 34 serv-
ing as a color filter-side substrate is provided with a black
matrix47 ina position corresponding to the light-shielding
electrode 44.

[0067] As shownin Fig. 12, the transmissive light L10
for sensing travels in accordance with positions of the
light-shielding electrode 44 on the first substrate 32 and
the black matrix 47 of the second substrate 34. That is,
the transmissive light L10 for sensing travels ina direction
in which the transmissive light L10 for sensing will not be
obstructed.

[0068] Further, the electrode 42 of transmissive light
for sensing consecutively remains on-condition, and ac-
cordingly the transmissive light L10 for sensing is being
emitted from the light-transmitting region R10 for sens-
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(Transmissive Characteristic)

[0069] The following describes, with reference to Fig.
16, a transmissive characteristic of the transmissive light
L10 for sensing which passes through the light-transmit-
ting region R10 for sensing which region has the config-
uration described above. Fig. 16 is a view illustrating an
image of contrast, within a range of all azimuth angles
(¢) and polar angles between 0° and 88° (8), of the trans-
missive light L10 for sensing emitted from the liquid crys-
tal display panel 20 of the present invention. That is, Fig
16 does not indicate actual measurement values of con-
trast but illustrates an image of the contrast.

[0070] The following describes the all azimuth angles
(¢) and the polar angles (6).

[0071] Specifically, Fig. 16 shows orthogonal coordi-
nates provided in the display surface of the liquid crystal
display panel 20, where a two-way arrow D10 indicates
0 degree and 180 degrees and a two-way arrow D11
indicates 90 degrees and 270 degrees. The azimuth an-
gle (¢) is a rotation angle starting from the 0 degree point
(i.e., an angle with respect to 0 degree) in a counterclock-
wise direction.

[0072] Moreover, the polar angle (8) represents an ob-
lique angle with respect to a normal direction of the dis-
play surface of the liquid crystal display panel 20.
[0073] Fig. 16 illustrates contrast of the touch-sensor-
provided liquid crystal display device 10, where the di-
rection D 1 toward the main viewer V is a frontward di-
rection at the polar angle (6) = 0°. Moreover, itis assumed
that the direction D2, which is different from the direction
D1 toward the main viewer V, in which direction D2 the
transmissive light L10 for sensing travels is at an azimuth
angle (¢) = 135 degrees and a polar angle (6) = 70 de-
grees.

[0074] According to the touch-sensor-provided liquid
crystal display device 10, as shown Fig. 16, it seems that
degradation of contrast does not occur in the direction
D1 toward the main viewer V (i.e., in the frontward direc-
tion at the polar angle (6) = 0), even in the case where
the transmissive light L10 for sensing is being emitted.
Moreover, degradation of contrast seems to occur only
in the direction D2. Further, it seems that display quality
for the main viewer V will hardly be deteriorated even in
the case where the transmissive light L10 for sensing is
being emitted.

(Pixel Configuration)

[0075] The following specifically describes a pixel con-
figuration of the touch-sensor-provided liquid crystal dis-
play device 10 of the present embodiment, with reference
to a plane view and a cross-sectional view, etc.

[0076] The following describes a configuration of each
of the pixels 60 with reference to Fig. 3, which is a plane
view schematically illustrating the configuration of each
of the pixels 60 provided in the touch-sensor-provided
liquid crystal display device 10 of the present embodi-



13 EP 2 253 993 A1 14

ment.

[0077] The pixels 60 of the present embodiment en-
compass pixels of three colors, i.e., a red pixel 60R, a
green pixel 60G, and a blue pixel 60B, which are defined
as one cycle. The pixels in the one cycle are repeatedly
arranged.

[0078] Each of the pixels 60 can be divided, in a lon-
gitudinal direction (i.e., the direction indicated by the two-
way arrow Y in Fig. 3), into (i) a display area S40 which
mainly includes the TFT element 64 and the pixel elec-
trode 62 and (ii) a sensing area S50 which is an area
other than the display area S40.

(Display Area of Pixel)

[0079] The following describes a structure of one of
the pixels 60 (R, G, and B) in the display area S40.
[0080] The first substrate 32 serving as the TFT-side
substrate is provided with (i) a gate bus line 52 extending
in a lateral direction (i.e., the direction indicated by the
two-way arrow X in Fig. 3) and (ii) a storage capacitor
line 54 which is adjacent to the gate bus line 52. Further,
the first substrate 32 is provided with a source bus line
50 extending in the direction Y. That is, the source bus
line 50 intersects the gate bus line 52 at right angles.
[0081] One pixel 60is defined as a substantially oblong
region divided by the source bus line 50 and the storage
capacitor line 54.

[0082] Moreover, the touch-sensor-provided liquid
crystal display device 10 of the present embodiment is
an active matrix liquid crystal display device. Specifically,
each of the pixels 60 (R, G, or B) is provided with a TFT
element 64 serving as a switching element.

[0083] The TFT element 64 has a gate electrode 66
which is provided in a region overlapping the gate bus
line 52 as seen in the plane view. Further, the TFT ele-
ment 64 is connected to (i) the source bus line 50 via a
contact 68 between a source electrode and a source bus
line and (ii) a pixel electrode 62 via a contact 70 between
a drain electrode and a pixel electrode. Accordingly, the
pixel electrode 62 is supplied with electric charge from
the source bus line 50 via the contact 68 between the
source electrode and the source bus line, the TFT ele-
ment 64, and the contact 70 between the drain electrode
and the pixel electrode.

[0084] Moreover, the TFT element 64 has a drain elec-
trode extension 72 which defines, with the storage ca-
pacitor line 54, a storage capacitor 56 in a region where
the drain electrode extension 72 overlaps the storage
capacitor line 54 as seen in the plane view.

[0085] The following describes a sensing area S50
which is an area in the pixel 60 other than the display
area S40 in the longitudinal direction Y.

(Sensing Area of Pixel)

[0086] In an area of the first substrate 32 which area
corresponds to the sensing area S50, wires, etc. mainly
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used for position detection are provided. According to
the touch-sensor-provided liquid crystal display device
10 of the present embodiment, one of the pixels 60 (i.e.,
the red pixel 60R, the green pixel 60G, or the blue pixel
60B) has one mechanism for position detection. The fol-
lowing specifically describes the mechanism.

[0087] Specifically, the first substrate 32 has a VDD
(power supply voltage line) 100 which extends in the lon-
gitudinal direction Y and is adjacent to a red pixel source
bus line 50R (which is one of the source bus lines 50)
provided for the red pixel 60R. Moreover, the first sub-
strate 32 has a lead line 102 which is adjacent to a green
pixel source bus line 50G (which is one of the source bus
lines 50) provided for the green pixel 60G.

[0088] In the lateral direction X of the first substrate
32, an RST (reset line) 104 and an RWS (a column se-
lection signal line) 106 are provided in vicinity to respec-
tive borders, which face each other, of the sensing area
S50.

[0089] The RST 104, RWS 106, the VDD 100, and the
lead line 102 are provided for reading out electric charge
stored in a capacitor section 130 which is described later.
Note that the RST 104 maintains a potential level at which
a voltage can be applied between the electrode 42 of
transmissive light for sensing and a counter electrode 46.
[0090] A touch sensor region R1 is defined by an ob-
long region surrounded by the RST 104, and the RWS
106, and two adjacent green pixel source bus lines 50G
each of which are provided for a green pixel 60G.
[0091] That is, the touch sensor region R1 of the
present embodiment corresponds to the sensing area
S50 which is (i) provided in the red pixel 60R, the green
pixel 60G, and the blue pixel 60B which are adjacently
arranged and (ii) a region in the longitudinal direction Y.

(Touch Sensor Region)

[0092] The followingdescribes the touch sensorregion
R1. The touch sensor region R1 can be roughly divided
into a light-transmitting region R10 for sensing, a photo
sensor region R20, and a transistor region R30.

(Photo Sensor Region)

[0093] The following describes the photo sensor re-
gion R20. (a) of Fig. 4 is a plane view schematically il-
lustrating a structure of the photo sensor region R20.
[0094] As shows in (a) of Fig. 4, the photo sensor re-
gion R20 includes a photodiode section 110 and a ca-
pacitor section 130.

(Photodiode Section)

[0095] The photodiode section 110 includes, as a main
component, a semiconductor section 112.

[0096] One end of the semiconductor section 112 is
connected to the RST 104 and the other end of the sem-
iconductor section 112 is connected to a transistor sec-
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tion 150 (which is described later) via a transistor-con-
necting electrode 128. Further, the semiconductor sec-
tion 112 overlaps the RWS 106 as seen in the plane view
so as to form the capacitor section 130.

[0097] The following describes a material structure of
the semiconductor section 112 with reference to (b) of
Fig. 4.

[0098] Specifically, as shown in (b) of Fig. 4, the sem-

iconductor section 112 has a P-layer 112A and an N-
layer 112C which are formed by ion-doping. Further, the
semiconductor section 112 has an i-layer 112B which is
arranged between the P-layer 112A and the N-layer
112C. The N-layer 112C is connected with an Si-layer
112D.

[0099] Further, the P-layer 112A, the i-layer 112B, and
the N-layer 112C are surrounded by a shielding layer
114, except for the part where the N-layer 112C and the
Si-layer 112D are connected to each other.

[0100] The P-layer 112A is connected to a first elec-
trode 116 via a source-Si contact 120 (see (a) of Fig. 5,
which is a cross-sectional view taken along the line B-B
in (a) of Fig. 4). Similarly, the N-layer 112C is connected
to a second electrode 118 via the source-Si contact 120.
[0101] Specifically, on the first substrate 32 of the
present embodiment, the shielding layer 114, a base
coating layer 124, the semiconductor section 112, a first
insulating layer 126A, an RWS 106/an RST 104 (see (b)
of Fig. 5 described later), and a second insulating layer
126B are stacked in this order.

[0102] The source-Si contact 120 penetrates the first
insulating layer 126A and the second insulating layer
126B so as to connect the P-layer 112A with the first
electrode 116.

[0103] Similarly, the source-Si contact 120 penetrates
the first insulating layer 126A and the second insulating
layer 126B so as to connect the N-layer 112C with the
second electrode 118.

[0104] Note that the first electrode 116 and the second
electrode 118 have functions to shield the P-layer 112A
and the N-layer 112C, respectively, from external light.
Moreover, the first electrode 116 and the second elec-
trode 118 can be provided so as to partially shield the i-
layer 112B from external light.

(Capacitor Section)

[0105] The Si-layer 112D overlaps the RWS 106 via
the first insulating layer 126A, as seen from right above
(see (a) of Fig. 5).

[0106] Further, the Si-layer 112D serves as a capacitor
electrode 132, and a part of the Si-layer 112D which part
overlaps the RWS 106 is defined as the capacitor section
130.

(Connection with Transistor Section)

[0107] The following describes a connection between
the semiconductor section 112 and the RST 104, and a
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connection between the photodiode section 110 and a
transistor section 150 (described later), with reference to
(b) of Fig. 5 which is a cross-sectional view taken along
the line C-C in (a) of Fig. 4.

[0108] Specifically, according to the present embodi-
ment, the P-layer 112A of the semiconductor section 112
is connected to the RST 104 via a gate-Si contact 122
(see (b) of Fig. 5). Similarly, the N-layer 112C is connect-
ed to the transistor-connecting electrode 128 via the
gate-Si contact 122.

[0109] More specifically, as described above, the first
insulating layer 126A is provided between the semicon-
ductor section 112 and the RST 104. Similarly, the first
insulating layer 126A is provided between the semicon-
ductor section 112 and the transistor-connecting elec-
trode 128.

[0110] In accordance with the configuration, the gate-
Si contact 122 penetrates the first insulating layer 126A
so as to connect the P-layer 112A with the RST 104.
[0111] Similarly, the gate-Si contact 122 penetrates
the first insulating layer 126A so as to connect the N-
layer 112C with the transistor-connecting electrode 128.
[0112] The transistor-connecting electrode 128 ex-
tends from the photodiode section 110 to the transistor
section 150 (i.e., extends in the lateral direction X in the
pixel 60) so as to function as a gate electrode in the tran-
sistor section 150.

(Circuit Configuration)

[0113] The following describes a circuit structure in the
touch sensor region R1 of the present embodiment, with
reference to Fig. 6. Fig. 6 is a schematic view illustrating
a circuit structure of a touch sensor in accordance with
the present embodiment.

[0114] As shown in Fig. 6, the touch sensor region R1
includes a photo sensor region R20 and a transistor re-
gion R30.

[0115] The photo sensor region R20 includes the pho-
todiode section 110 and the capacitor section 130. The
photo diode section 110 includes a diode DO1 mainly
made up of the semiconductor section 112. The capacitor
section 130 includes a capacitor CO1 mainly made up
of the capacitor electrode 132.

[0116] The diode DO1 is connected to the RST 104.
The capacitor CO1 is connected to the RWS 106.
[0117] The photo sensor region R20 is connected to
the transistor region R30 mainly via the transistor-con-
necting electrode 128. Specifically, the transistor region
R30 includes the transistor section 150 which includes a
transistor TR1 as a main component. The transistor-con-
necting electrode 128 is connected to the transistor TR1.
[0118] Further, the transistor TR1 is connected to the
VDD 100 and the lead line 102.

(Transistor Section)

[0119] The following describes the transistor section
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150 with reference to Fig. 7 which schematically illus-
trates a structure of the transistor section 150.

[0120] As shown in Fig. 7, the transistor section 150
is provided mainly in a region of the green pixel 60G,
unlike the photodiode section 110 and the capacitor sec-
tion 130 which are provided mainly in a region of the red
pixel 60R.

[0121] The transistor section 150 includes a transistor
which includes an Si-layer 152 as a main component.
The following specifically describes the configuration
with reference to Fig. 8 which is a cross-sectional view
taken along the line D-D in Fig. 7.

[0122] As shown in Fig. 8, according to the transistor
section 150, a base coating layer 124, an Si-layer 152,
afirstinsulating layer 126A, a transistor-connecting elec-
trode 128, a second insulating layer 126B, and a VDD
100/a green pixel source bus line 50G/a lead line 102
are stacked in this order on a first substrate 32.

[0123] An Si-ITO contact 154 penetrates the first insu-
lating layer 126A and the second insulating layer 126B
so as to connect the Si-layer 152 with the VDD 100.
[0124] Similarly, the Si-ITO contact 154 penetrates the
firstinsulating layer 126A and the second insulating layer
126B so as to connect the Si-layer 152 with the lead line
102.

(Sensing Light Section)

[0125] The following describes a sensing light section
170 of the present embodiment, with reference to Fig. 9.
Fig. 9 is a view schematically illustrating a structure of
the sensing light section 170.

[0126] AsshowninFig.9, the sensing light section 170
is provided mainly in the region of the green pixel 60G.

[0127] The sensing light section 170 includes a light
shielding electrode 44 which serves as a light shielding
layer for controlling a direction of emitted light.

[0128] The following specifically describes the config-
uration with reference to (a) of Fig. 10 which is a cross-
sectional view taken along the line E-E in Fig. 9 and (b)
of Fig. 10 which is a cross-sectional view taken along the
line F-F in Fig. 9.

[0129] As shownin (a) and (b) of Fig. 10, according to
the sensing light section 170, a base coating layer 124,
an Si-layer 172, afirstinsulating layer 126A, an RST 104,
asecond insulating layer 126B, a light shielding electrode
44 made up of an electrode layer, a third insulating layer
126C, and an electrode 42 of transmissive light for sens-
ing made up of an ITO layer are stacked in this order on
a first substrate 32.

[0130] As shown in (a) of Fig. 10, the first insulating
layer 126A is arranged between the Si-layer 172 and the
RST 104, and a gate-Si contact 122 connects the Si-layer
172 with the RST 104.

[0131] Moreover, the first insulating layer 126A and
the second insulating layer 126B are arranged between
the Si-layer 172 and the light shielding electrode 44, and
a source-Si contact 120 connects the Si-layer 172 with
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the light shielding electrode 44.

[0132] As shown in (b) of Fig. 10, the third insulating
layer 126C is arranged between the light shielding elec-
trode 44 and the electrode 42 of transmissive light for
sensing, and a Si-ITO contact 154 connects the light
shielding electrode 44 with the electrode 42 of transmis-
sive light for sensing.

(Emitted Light)

[0133] The following describes a relation between
alignment, etc. of liquid crystal molecules 38 and emitted
light of the touch-sensor-provided liquid crystal display
device 10 of the present embodiment. The relation is dis-
cussed with reference to a display area S40 and a sens-
ing area S50 which are arranged in the longitudinal di-
rection Y in the pixel 60. Fig. 11 is a cross-sectional view
taken along the line G-G in Fig. 3 which is a plane view
illustrating a schematic structure of the pixel 60. Fig. 12
is a cross-sectional view taken along the line H-H in Fig. 3.

(Display Area)

[0134] The following describes the display area S40
with reference to Fig. 11. Note that, regarding the con-
figuration of the touch-sensor-provided liquid crystal dis-
play device 10, explanations for the components which
are already described above are omitted.

[0135] According to the touch-sensor-provided liquid
crystal display device 10 of the present embodiment as
shownin Fig. 11, a liquid crystal layer 36 containing liquid
crystal molecules 38 is arranged between afirst substrate
32 and a second substrate 34.

[0136] Moreover, alignment films 39 are provided in
respective sections (i) between the liquid crystal layer 36
and the first substrate 32 and (ii) between the liquid crys-
tal layer 36 and the second substrate 34.

[0137] Moreover, a pixel electrode 62 is provided, for
each of the pixels 60, between the first substrate 32 and
the alignment film 39.

[0138] A black matrix 47 and a color filter 48 are pro-
vided, for each of the pixels 60, between the second sub-
strate 34 and the alignment film 39. Further, a counter
electrode 46 is provided between (i) the alignment film
39 and (ii) the black matrixes 47 and color filters 48.
[0139] In a case where a main viewer V of the touch-
sensor-provided liquid crystal display device 10 is posi-
tioned in a normal direction with respect to the liquid crys-
tal display panel 20 included in the touch-sensor-provid-
ed liquid crystal display device 10, transmissive light L1
or L5 for image display is emitted mainly in a normal
direction with respect to a display surface 22 of the liquid
crystal display panel 20.

(Sensing Area)

[0140] The following describes the sensing area S50
with reference to Fig. 12.
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[0141] As shown in Fig. 12, an electrode 42 of trans-
missive light for sensing is provided between the first
substrate 32 and the alignment film 39 in the light-trans-
mitting region R10 for sensing which transmits the trans-
missive light L10 for sensing. The electrode 42 of trans-
missive light for sensing is used, in the light-transmitting
region R10 for sensing, for applying a voltage to the liquid
crystal molecules 38 which are provided between the
electrode 42 of transmissive light for sensing and the
counter electrode 46 provided on the second substrate
34.

[0142] According to the configuration, a voltage is ap-
plied to the liquid crystal molecules 38 in the light-trans-
mitting region R10 for sensing, separately from the pixel
electrodes 62 in the display area S40. Accordingly, the
liquid crystal molecules 38 in the light-transmitting region
R10 for sensing can be driven independently. This makes
it possible to control whether or not to emit the transmis-
sive light L10 for sensing.

[0143] Moreover, the first substrate 32 in the light-
transmitting region R10 for sensing is provided with the
light-shielding electrode 44 which has a slit-like shape.
The black matrix 47 covers almost the whole surface of
the second substrate 34, except for a slit provided in the
black matrix 47 in the light-transmitting region R10 for
sensing. In other words, the light-shielding electrode 44
and the black matrix 47, which serve as light-shielding
layers, respectively have a slit 44S and a slit 47S which
are openings provided in the light-shielding electrode 44
and the black matrix 47.

[0144] Note that no color filter is provided on the sec-
ond substrate 34 in the sensing area S50 because it is
unnecessary todisplay animage in the sensing area S50.
[0145] However, a color filter can be provided on the
second substrate 34 in the sensing area S50. The use
of the color filter makes it possible to adjust intensity of
light dedicated to sensing.

[0146] In some cases, some of the light dedicated to
sensing can leak in the viewing direction. In view of the
cases, itis preferable to control intensity of the light ded-
icated to sensing to the minimum necessary intensity.
Such a control can be carried out with the use of the color
filter.

[0147] A backlight unit 90 (not illustrated) provided on
a backside of the liquid crystal display panel 20 emits
light which travels along a light path between the slit 44S
in the light-shielding electrode 44 and the slit 47S in the
black matrix 47. Consequently, according to the config-
uration illustrated in Fig. 12, the transmissive light L10
for sensing is emitted at an angle which is inclined with
respect to the normal direction of the display surface 22
of the liquid crystal display panel 20.

[0148] Therefore, the main viewer V who is positioned
in the normal direction of the display surface 22 of the
liquid crystal display panel 20 will not recognize the trans-
missive light L10 for sensing.

[0149] According to the configuration, the main viewer
V hardly recognize the transmissive light L20 for sensing
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even while the liquid crystal display panel 20 is displaying
a dark image. This makes it possible, for example, to
prevent deterioration in display quality such as degrada-
tion of contrast or excess brightness, and accordingly
accurate position detection can be carried out.

(Readout from Photodiode Section and Capacitor Sec-
tion)

[0150] The following describes an example of readout
of electric charge in the photodiode section 110 and the
capacitor section 130.

[0151] As described above, the readout of the electric
charge is carried out mainly with the use of the RST 104,
the RWS 106, the VDD 100, and the lead line 102.
[0152] The following describes preliminary stages of
readout.

[0153] Firstly, the RWS 106 is set to 0 V and the RST
104 is set to -7 V.

[0154] Then, the electric potential of the RST 104 is
increased to 0 V. This allows electrodes across a capac-
itor CO1 to have approximately 0V, and accordingly elec-
tric charge of the capacitor CO1 is cleared.

[0155] Subsequently, the electric potential of the RST
104 is decreased to -7 V. Note that a diode DO1 is pro-
vided between the capacitor CO1 and the RST 104 (see
Fig. 6 which is an equivalent circuit diagram of the touch
sensor). Therefore, an electric potential at a point (a point
P in Fig. 6) which corresponds to a gate electrode of the
transistor TR1 (hereinafter, referred to as TR1 gate po-
tential) remains at approximately 0 V.

[0156] Electric potentials of the RWS 106 and the RST
104 are maintained in the state until a readout frame.
[0157] When the photo sensor region 20 made up of
the photodiode section 110 and the capacitor section 130
receives light during the state described above, a current
is supplied to the capacitor CO1 via the diode DO1, and
this causes electric charge of the capacitor CO1 to be
decreased. Accordingly, the TR1 gate potential is de-
creased. As described above, the TR1 gate potential can
be altered so as to correspond to intensity of light re-
ceived by the photo sensor region 20.

[0158] The following describes how the readout is car-
ried out.

[0159] When the readout is carried out, first, the elec-
tric potential of the RWS 106 is increased to + 15 V. At
this time, the TR1 gate potential is increased in accord-
ance with the increase of the electric potential of the RWS
106. The TR1 gate potential can be increased to, for ex-
ample, approximately 5 V to 9 V in accordance with the
increase of the electric potential of the RWS 106.
[0160] The transistor TR1 has a gate electrode whose
electric potential is the TR1 gate potential. Both ends of
a channel of the transistor TR1 are connected to the VDD
100 and the lead line 102, respectively.

[0161] According tothe configuration, the lead line 102
passes a current corresponding tothe TR1 gate potential.
[0162] After measuring the current which corresponds
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to the TR1 gate potential and is passed through the lead
line 102, the electric potential of the RWS 106 is de-
creased to 0 V.

[0163] Withthe configuration, intensity of light received
by the photo sensor region 20 can be readout by repeat-
edly carrying out the processes.

[0164] Note that, according to the configuration shown
in Fig. 3. etc., it is assumed that the liquid crystal display
panel 20 is a liquid crystal display panel of a normally
black type in which a small amount of voltage is applied
to liquid crystal molecules 38 in a pixel section (display
area S40), which corresponds to the pixel 60 for display-
ing. As described above, even while adarkimage is being
displayed, the electrode 42 of transmissive light for sens-
ing, which is connected to the RST 104, in the sensing
lightsection 170 remains at a decreased electric potential
of, for example, -7 V in most of time except for during the
readout. This makes it possible to apply a sufficient volt-
age, for driving the liquid crystal molecules 38, between
the electrode 42 of transmissive light for sensing and the
counter electrode 46.

(Transmissive light for Sensing)

[0165] As described above, according to the touch-
sensor-provided liquid crystal display device 10 of the
present embodiment, it is sufficient that the transmissive
light D 10 for sensing is designed to travel in the direction
D2 which is different from the direction D1 toward the
main viewer V who recognizes a displayed image.
[0166] According to the configuration described with
reference to Fig. 12, etc., the transmissive light L10 for
sensing travels in a direction, which is indicated by an
arrow in Fig. 12, due to the two light shielding layers (i.e.,
the black matrix 47 and the light-shielding electrode 44).
Specifically, the transmissive light L10 for sensing travels
in a direction inclined with respect to an approximately
normal direction of the liquid crystal display panel 20.
That is, the transmissive light L10 for sensing is emitted
in a direction which is different from the approximately
normal direction in which the viewer V generally recog-
nizes an image.

[0167] However, the direction in which the transmis-
sive light L10 for sensing is emitted is not limited to the
direction described above.

[0168] The following describes specific examples of
use of the touch-sensor-provided liquid crystal display
device 10 of the present embodiment, with reference to
two cases where the main viewer V views the touch-sen-
sor-provided liquid crystal display device 10 from differ-
ent positions.

(Example of Use 1)

[0169] The following describes one example of use of
the touch-sensor-provided liquid crystal display device
10 of the present embodiment, with reference to (a) and
(b) of Fig. 13. (a) of Fig. 13 is a perspective view illus-
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trating an example of use of the touch-sensor-provided
liquid crystal display device 10. (b) of Fig. 13 is a lateral
view corresponding to (a) of Fig. 13.

[0170] According to the example of use shown in (a)
and (b) of Fig. 13, the touch-sensor-provided liquid crys-
tal display device 10 of the present embodiment is incor-
porated, as an operating section, in an automated teller
machine 210.

[0171] Auserofthe automated teller machine 210, i.e.,
the main viewer V of the touch-sensor-provided liquid
crystal display device 10 is positioned in an approximate-
ly normal direction with respect to the display surface 22
of the touch-sensor-provided liquid crystal display device
10 (see (b) of Fig. 13). Accordingly, an angle 61 formed
by the direction D1 toward the main viewer V and the
display surface 22 is approximately 90 degrees.

[0172] Therefore, according to the present example of
use, the transmissive light L1 or L5 for image display is
emitted in a direction in parallel with the direction D1.
That is, the transmissive light L1 or L5 for image display
is emitted so that an angle 62 formed by the transmissive
light L1 or L5 and the display surface 22 becomes 90
degrees.

[0173] On the other hand, the transmissive light L10
for sensing may be emitted in the direction D2 which is
different from the direction D1 toward the main viewer V.
That is, the transmissive light L10 for sensing may be
emitted so that an angle 83 formed by the transmissive
light L10 for sensing and the display surface 22 becomes,
for example, 135 degrees.

(Example of Use 2)

[0174] Thefollowingdescribes another example ofuse
of the touch-sensor-provided liquid crystal display device
10 of the present embodiment, with reference to (a) and
(b) of Fig. 14. (a) of Fig. 14 is a perspective view illus-
trating another example of use of the touch-sensor-pro-
vided liquid crystal display device. (b) of Fig. 14 is alateral
view corresponding to (a) of Fig. 14.

[0175] According to the example of use shown in (a)
and (b) of Fig. 14, the touch-sensor-provided liquid crys-
tal display device 10 of the present embodiment is used
as an operation terminal 222 placed on a desk 220.
[0176] According to the configuration, a user of the op-
eration terminal 222, i.e., the main viewer V of the touch-
sensor-provided liquid crystal display device 10 is posi-
tioned in a direction which is different from a normal di-
rection with respect to the display surface 22 of the touch-
sensor-provided liquid crystal display device 10, unlike
the example of use shown in (a) and (b) of Fig. 13. Spe-
cifically, the angle 61 formed by the direction D1 toward
the main viewer V and the display surface 22 is not 90
degrees but is, for example, 45 degrees.

[0177] Therefore, according to the present example of
use, the transmissive light L1 or L5 for image display is
emitted in a direction in parallel with the direction D1.
That is, the transmissive light L1 or L5 for image display
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is emitted so that the angle 62 formed by the transmissive
light L1 or L5 and the display surface 22 becomes, for
example, 45 degrees.

[0178] On the other hand, the transmissive light L10
for sensing is emitted in the direction D2 which is different
from the direction D1 toward the main viewer V. That is,
the transmissive light L10 for sensing is emitted so that
the angle 63 formed by the transmissive light L10 for
sensing and the display surface 22 becomes, for exam-
ple, 90 degrees.

[0179] As described above, according to the touch-
sensor-provided liquid crystal display device 10 of the
present embodiment, emitting directions of the transmis-
sive light L1 or L5 for image display and the transmissive
light L10 for sensing can be variously changed in accord-
ance with usage. An emitting direction of light dedicated
to sensing can be controlled, as described above for ex-
ample, by modifying shapes of the light-shielding layers
sandwiching the liquid crystal layer in the sensing area
S50.

(Dual View Liquid Crystal Display Panel)

[0180] Note that a configuration for emitting a plurality
of lights (e.g., the transmissive light L1 or L5 for image
display and the transmissive light L10 for sensing) in dif-
ferent directions is not limited to the configuration de-
scribed above. For example, a parallax barrier can be
used instead of the above described configuration in
which the light-shielding layers and the slits are provided
inside the liquid crystal display panel. The parallax barrier
is a member which has, for example, a slit-shaped struc-
ture provided, for controlling a light path, in the liquid crys-
tal display panel.

[0181] Specifically, for example, it would be possible
to use a so-called dual view liquid crystal display panel,
a VeilView liquid crystal display panel, a triple view liquid
crystal display pane, a 3D (Three Dimensional) liquid
crystal display panel, or the like, each of which is capable
of displaying different images in different directions.
[0182] The following describes a configuration exam-
ple in which the dual view liquid crystal display panel is
used, with reference to Fig. 15 which illustrates another
configuration example of the touch-sensor-provided lig-
uid crystal display device 10.

[0183] According to a dual view liquid crystal display
panel 20, a second substrate 34 is provided with a black
matrix 47, as the parallax barrier, which is provided at a
position corresponding to each of pixel electrodes 62
(see Fig. 15).

[0184] A first substrate 32 is provided with black ma-
trixes 47b instead of pixel electrodes 62. The black ma-
trixes 47b are provided at positions corresponding to the
slits 47S formed in the black matrix 47 provided on the
second substrate 34.

[0185] With the configuration, a backlight unit 90 pro-
vided on a backside of the liquid crystal display panel 20
emits lights which travel mainly in two directions, respec-
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tively (see Fig. 15).

[0186] In a case where one of the two directions is set
to a direction D1 toward a main viewer V of the liquid
crystal display panel 20, light which travels in the direction
D1 serves as transmissive lights L1 or L5 for image dis-
play.

[0187] Light which is emitted in the other one of the
two directions travels in a direction D2 which is different
from the direction D1 toward the main viewer V. From
this, the light traveling in the direction D2 cannot be rec-
ognized by the main viewer V. Accordingly, the light
traveling in the direction D2 can be used as transmissive
light L10 for sensing. This makes it possible to achieve
an effect similar to that of the touch-sensor-provided lig-
uid crystal display device 10 which is described above
with reference to Fig. 3, etc.

[0188] The configuration using the parallax barrier pro-
vides another advantageous feature that no additional
region is required for emitting the transmissive light L10
for sensing, other than a region for displaying an image.
[0189] According to the configuration described
above, the touch sensor regions R1, each of which in-
cludes a unit of three pixels 60R, 60G, and 60B, are ar-
ranged in a matrix manner. However, the present em-
bodimentis not limited to the arrangement. For example,
some of the touch sensor regions R1 can be omitted as
appropriate.

[0190] The present invention is not limited to the de-
scription of the present embodiments above, but can be
modified by a skilled person in the art within the scope
ofthe claims. An embodiment derived from a proper com-
bination of technical means disclosed in respective dif-
ferentembodimentsis also encompassed in the technical
scope of the present invention.

Industrial Applicability

[0191] The presentinvention makes it possible to carry
out accurate position detection without deteriorating dis-
play quality, even while a dark image is being displayed.
Accordingly, the present invention is suitable for use in
applications in which a clear display and accurate posi-
tion detection of a touch are required.

Claims

1. Atouch-sensor-provided liquid crystal display device
comprising:

a liquid crystal display panel including a plurality
of photo sensors for detecting a touched posi-
tion; and

a backlight unit provided on a backside of the
liquid crystal display panel,

the backlight unit emitting light at least part of
which serves as light dedicated to sensing which
is used for the detection of the touched position
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by the plurality of photo sensors, and

the light dedicated to sensing traveling out from
the liquid crystal display panel in a direction dif-
ferent from a direction toward a main viewer of
the liquid crystal display panel.

2. Thetouch-sensor-provided liquid crystal display de-

vice as set forth in claim 1, wherein:

the liquid crystal display panel includes a first
substrate and a second substrate which face
each other, the first substrate and the second
substrate being provided with respective light-
shielding layers for controlling a direction in
which the light dedicated to sensing travels; and
the light dedicated to sensing which is originally
emitted from the backlight unit is not shielded
by the light-shielding layers, and subsequently
passes through the liquid crystal display panel
so as to travel out from the liquid crystal display
panel in the direction different from the direction
toward the main viewer of the liquid crystal dis-
play panel.

3. Thetouch-sensor-provided liquid crystal display de-

vice as set forth in claim 2, wherein:

the light-shielding layers, which are provided in
the first substrate and the second substrate, re-
spectively have slits which are openings provid-
ed in the light-shielding layers, the slits not over-
lapping each other as seen from a normal direc-
tion with respect to the liquid crystal display pan-
el; and

the light dedicated to sensing which is originally
emitted by the backlight unit passes through the
slits provided in the light-shielding layers, and
subsequently passes through the liquid crystal
display panel so as to travel out from the liquid
crystal display panel in the direction different
from the direction toward the main viewer of the
liquid crystal display panel.

4. The touch-sensor-provided liquid crystal display de-

vice as set forth in claim 1, wherein:

the liquid crystal display panel includes (i) a first
substrate which is provided on a display surface
side of the liquid crystal display panel and (ii) a
second substrate which is provided on a side of
the liquid crystal display panel on which side the
backlight unit is provided, the first substrate and
the second substrate being provided so as to
face each other, and at least the first substrate
being provided with a parallax barrier which has
a striped shape and controls light emitted from
the liquid crystal display panel to travel in two or
more arbitrary directions; and
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the light dedicated to sensing is at least one of
light beams traveling in the two or more arbitrary
directions.

The touch-sensor-provided liquid crystal display de-
vice as set forth in claim 4, wherein:

the liquid crystal display panel is a dual view
liquid crystal display panel.

The touch-sensor-provided liquid crystal display de-
vice as set forth in any one of claims 1 through 5,
wherein:

the light dedicated to sensing is being emitted
while the liquid crystal display panelis displaying
an image.
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