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(57) ABSTRACT

Disclosed is a liquid crystal display device (1) that is provided
with a function of identifying the position of a subject to be
detected (finger) in an image display region (125) of a liquid
crystal panel (10) by emitting light to the image display
region (124) and by detecting light reflected by the subject to
be detected (finger). The liquid crystal display device is pro-
vided with a backlight (30) and a front light-emitting unit
(40), which radiate light to the image display region (125).
The backlight (30) is disposed on the side of the liquid crystal
panel (10) opposite to the image display surface (10a), and
emits light to the image display region (12%) from the rear
side of the liquid crystal panel (10). The front light-emitting
unit (40) is disposed outside of the image display region
(12b), and emits light to the image display region (125) with-
out having the liquid crystal panel (10) therebetween. With
such a configuration, even when the subject to be detected and
the display panel are apart from each other, the position of the
subject to be detected can be accurately identified.

10 Claims, 22 Drawing Sheets
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FIG. 4
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1
DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to a display device equipped
with a function of identifying a position of a subject to be
detected in an image display region of a display panel by
radiating light to the image display region and by detecting
light reflected by the subject to be detected.

BACKGROUND ART

In display devices such as liquid crystal display devices, a
touch panel equipped display device having a touch panel
function has been developed. The touch panel equipped dis-
play device is capable of detecting a touch position (coordi-
nates) when a panel surface thereof is touched by a subject to
be detected (finger or input stylus).

Traditionally, as such a touch panel equipped display
device (referred to as a display device below), a display
device equipped with a touch panel of a so-called resistive
type, capacitive type, or the like has been mainly used. How-
ever, this type of display device requires a special panel for
position detection, for example, which causes the entire
device to be thicker. Also, because the touch panel is disposed
in ascreen (display region) of the display device, a problem of
lower visibility arises.

To address these problems, in recent years, a display device
with built-in coordinate sensors, which has light-receiving
elements (photo sensors) such as photodiodes or phototrans-
istors incorporated in a screen of the display device, has been
developed to replace the above-mentioned resistive or capaci-
tive touch panel.

The display device with built-in optical coordinate sensors
is described in Patent Document 1, for example.

FIG. 21 shows a schematic configuration of a liquid crystal
display device described in Patent Document 1.

As shown in this figure, in the liquid crystal display device
described in Patent Document 1, a distribution of received
light intensities, which were changed as a result of a subject to
be detected such as a finger blocking ambient light or as a
result of the subject to be detected blocking or reflecting
invisible light that was radiated to a liquid crystal panel 220
from a backlight 210, is detected by light-receiving elements
221 formed in the liquid crystal panel 220 in a matrix, thereby
detecting the position (coordinates) of the subject to be
detected. The backlight 210 has a light source unit 213 and a
light guide plate 214, and the light source unit 213 has a
visible light source 211 made of white LEDs (Light Emitting
Diodes) and an infrared light source 212 made of infrared
LEDs as an invisible light source. The light-receiving ele-
ments 221 are provided for respective elements (pixels) 222
with a ratio of one to one or one to several.

RELATED ART DOCUMENT
Patent Document
Patent Document 1: Japanese Patent Application Laid-
Open Publication No. 2008-3296 (Published on Jan. 10,
2008)
SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

However, in the above-mentioned liquid crystal display
device, the infrared light source 212 is disposed on a side
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2

opposite to an image display surface of the liquid crystal
panel 220, and infrared light is radiated to the image display
region from the rear surface side of the liquid crystal panel
220. Therefore, when the distance from the infrared light
source 212 to the subject to be detected is made greater, the
intensity of the infrared light (IR intensity) in the image
display region becomes smaller, and the intensity of the light
(received light intensity) that reaches the light-receiving ele-
ments 221 after being reflected by the subject to be detected
becomes smaller. This makes it difficult to accurately identify
the position of the subject to be detected.

FIG. 22 shows an example of a relationship between the
distance L from the image display surface of the display panel
to the subject to be detected and the infrared light intensity (IR
intensity) at the distance L. As shown in this figure, the greater
the distance L from the image display surface to the subject to
be detected is, the smaller the IR intensity becomes. When the
distance L from the image display surface ofthe display panel
to the subject to be detected is 3 mm, for example, the IR
intensity is 1070 pW, but when the distance LL from the image
display surface of the display panel to the subject to be
detected is 40 mm, the IR intensity is lowered to 665 pW. As
described, when the subject to be detected is in contact with or
near the display panel, the sufficient IR intensity can be
obtained, allowing the accurate position to be identified, but
when the subject to be detected is further away from the
display panel, the sufficient IR intensity cannot be obtained,
which makes it difficult to identify the accurate position.

The present invention was made in view of the above-
mentioned problems, and is aiming at providing a display
device that can accurately identify the position of a subject to
be detected even when the subject to be detected and a display
panel are apart from each other.

Means for Solving the Problems

In order to solve the above-mentioned problems, a display
device according to the present invention has a function of
identifying a position of a subject to be detected in an image
display region of a display panel by radiating light to the
image display region and by detecting light reflected by the
subject to be detected, including: a first light-emitting unit
and a second light-emitting unit that radiate light to the image
display region, wherein the first light-emitting unit is dis-
posed on a side opposite to an image display surface of the
display panel, and radiates light to the image display region
from a rear surface side of the display panel, and wherein the
second light-emitting unit is disposed outside of the image
display region, and radiates light to the image display region
without having the display panel therebetween.

In this configuration, in addition to light from the first
light-emitting unit, light from the second light-emitting unit is
radiated to the image display region. The light emitted from
the second light-emitting unit enters the image display region
without passing through the display panel. This makes it
possible to increase the light intensity in the image display
region (see FIG. 7) as compared with the conventional con-
figuration (see FIGS. 21 and 22). Therefore, the intensity of
light reflected by the subject to be detected (reflected light of
the light from the first light-emitting unit and reflected light of
the light from the second light-emitting unit) becomes suffi-
cient both in a region where the distance between the image
display surface and the subject to be detected is small and in
a region where the distance is great. Thus, even when the
subject to be detected and the display panel are apart from
each other, the position of the subject to be detected can be
accurately identified.
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The display device of the present invention may also be
configured such that the first light-emitting unit has a light
source for image display and a first light source that radiates
light to the image display region for identifying the position
of a subject to be detected.

The display device of the present invention may also be
configured such that the second light-emitting unit has one or
more second light sources that radiate light to the image
display region for identifying the position of a subject to be
detected.

The display device of the present invention may also be
configured such that the second light-emitting unit includes a
plurality of second light sources, and the respective second
light sources are disposed at the respective corners in the
periphery of the image display region.

The display device of the present invention may also be
configured such that the respective second light sources are
disposed in a manner that light from the second light sources
travels across the image display region.

The display device of the present invention may also be
configured such that the second light-emitting unit further
includes a light guide member outside of the image display
region, wherein the second light source emits light to the light
guide member, and wherein the light guide member emits
light from the second light source through an emitting surface
of the light guide member toward the image display region.

The display device of the present invention may also be
configured such that the light guide member is disposed along
each side of the image display region so as to enclose the
image display region.

In the above-mentioned configuration, the light emitted
from the second light-emitting unit travels inside the light
guide member, exits through the emitting surface of the light
guide member, and enters the image display region. The light
guide member is disposed along each side of the image dis-
play region so as to enclose the image display region. This
way, uniform light can be emitted to the image display region
from the periphery of the image display region, and therefore,
the position of the subject to be detected can be identified
more accurately regardless of the position thereof in the hori-
zontal direction (position within the X-Y plane that is parallel
with the image display surface).

In the display device of the present invention, it is prefer-
able that the first light source be an infrared light source that
radiates infrared light.

In the display device of the present invention, it is prefer-
able that the second light source be an infrared light source
that radiates infrared light.

Because the infrared light passes through the display panel
regardless of image display state (visible light transmittance),
it is possible to avoid the problem of insufficient light inten-
sity for the position detection that occurs when the display
screen is dark.

The display device of the present invention may also be
configured such that the display panel displays stereoscopic
images.

In the display device of the present invention, because the
position of the subject to be detected (finger of a user of the
display device or the like) can be accurately identified even in
aregion remote from the image display surface of the display
panel, it is possible to accurately identify the position of the
subject to be detected (finger or input stylus) as intended by
the user when the user recognizes the stereoscopic image and
gives instructions thereto.

The display device of the present invention may also be
configured such that a display mode of the display panel
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4

switches between a first display mode for displaying planar
images and a second display mode for displaying stereo-
scopic images.

In the display device of the present invention, by detecting
light that was emitted from the first light-emitting unit and the
second light-emitting unit and that was reflected by the sub-
ject to be detected, the position of the subject to be detected,
which is present ata position remote from the display panel in
the image display region, can be identified.

Effects of the Invention

As described above, the display device according to the
present invention includes the first light-emitting unit and the
second light-emitting unit that radiate light to the image dis-
play region. The first light-emitting unit is disposed on the
side opposite to the image display surface of the display
panel, and emits light to the image display region from the
rear surface side of the display panel. The second light-emit-
ting unit is disposed outside of the image display region, and
emits light to the image display region without having the
display panel therebetween. Therefore, the position of a sub-
jectto be detected can be accurately identified even when the
subject to be detected and the display panel are apart from
each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing a schematic con-
figuration of a liquid crystal display device according to an
embodiment of the present invention.

FIG. 2 is a plan view showing a schematic configuration of
a liquid crystal display device according to the present
embodiment.

FIG. 3 is a cross-sectional view showing a part of a liquid
crystal panel of the liquid crystal display device in FIG. 1 in
detail.

FIG. 4 is a cross-sectional view schematically showing
how light emitted from a backlight and light emitted from a
second infrared light source of a front light-emitting unit
travel in the liquid crystal display device of an embodiment of
the present invention.

FIG. 5 is a plan view of an image display region in the
liquid crystal display device of the present embodiment sche-
matically showing how light emitted from the second infrared
light source travels.

FIG. 6 is a graph showing an example of a relationship
between a distance L from an image display surface of the
liquid crystal panel and IR intensity of infrared light when
photo sensors receive infrared light (reflection light) reflected
by a subject to be detected in the liquid crystal display device
of an embodiment of the present invention.

FIG. 7 is a graph obtained by combining the graph shown
in FIG. 6 with measurement results of IR intensity of reflec-
tion light in a configuration using both a first infrared light
source and the second infrared light source (configuration of
the liquid crystal display device of an embodiment of the
present invention).

FIG. 8 is a block diagram showing a schematic configura-
tion of the liquid crystal display device of an embodiment of
the present invention.

FIG. 9 is a circuit block diagram showing a configuration
example of a circuit of the liquid crystal panel and a periph-
eral circuit thereof in the liquid crystal display device of an
embodiment of the present invention.

FIGS. 10(a) to 10(e) are schematic diagrams showing spe-
cific examples of photo sensor arrangement.
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FIG. 11 is a timing chart showing an operation of the liquid
crystal display device of an embodiment of the present inven-
tion.

FIG. 12 is a flowchart showing an example of a process of
identifying a position radiated by reflection light from a sub-
ject to be detected in the liquid crystal display device of an
embodiment of the present invention.

FIG. 13(a) is a schematic diagram of a scan image when
reflection light is radiated to a single pixel, and FIG. 13(9) is
a schematic diagram of a scan image when reflection light is
radiated to a plurality of pixels.

FIG. 14 1s a plan view showing another configuration ofthe
liquid crystal display device of an embodiment of the present
invention.

FIG. 15(a) is a cross-sectional view along the line A-B in
FIG. 14. FIG. 15(b) is a view from the arrow C in FIG. 14.

FIG. 16 is a plan view schematically showing how light
travels in the liquid crystal display device shown in FIG. 14.

FIG. 17 is a plan view showing yet another configuration of
the liquid crystal display device of an embodiment of the
present invention.

FIG. 18(a) is a cross-sectional view along the line D-E in
FIG. 17. FIG. 18(b) is a view from the arrow F in FIG. 17.

FIG. 19 is a plan view schematically showing how light
travels in the liquid crystal display device shown in FIG. 17.

FIG. 20 shows a principle of 3D display in a liquid crystal
display device using a parallax barrier. F1G. 20(a) shows an
effect of the parallax barrier providing viewing angles, and
FIG. 20(b) shows observed regions on a 3D display screen.

FIG. 21 shows a schematic configuration of a primary part
of a liquid crystal display device described in Patent Docu-
ment 1.

FIG. 22 is a graph showing an example of a relationship
between a distance L. from an image display surface of a
display panel and IR intensity of infrared light when photo
sensors receive infrared light (reflection light) reflected by a
subject to be detected in a conventional display device.

DETAILED DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention will be explained
below with reference to figures.

In the present embodiment, a liquid crystal display device
having a touch panel function (referred to as a liquid crystal
display device below) is explained as an example of a display
device equipped with a function of identifying (detecting) a
position (coordinates) of a subject to be detected (such as an
input stylus or a finger of a user of the display device) in an
image display region.

FIG. 1 is a cross-sectional view showing a schematic con-
figuration of a liquid crystal display device according to the
present embodiment. FIG. 2 is a plan view showing a sche-
matic configuration of the liquid crystal display device
according to the present embodiment. FIG. 3 is a cross-sec-
tional view showing a part of a liquid crystal panel in the
liquid crystal display device in FIG. 1 in detail.

As shown in FIGS. 1 and 3, a liquid crystal display device
1 of the present embodiment includes a liquid crystal panel 10
(display panel), a backlight 30 (first light-emitting unit), and
a front light-emitting unit 40 (second light-emitting unit). In
FIG. 3, the front light-emitting unit 40 is omitted for ease of
explanation.

The backlight 30 is an illumination device that emits light
to the liquid crystal panel 10, and is disposed on the rear
surface side of the liquid crystal panel 10. The backlight 30
includes visible light sources 30a for displaying images and
light sources 305 (first light sources) for detecting a position
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(coordinates) of a subject to be detected. The light sources
304 may be separately provided on the rear surface side of the
liquid crystal panel 10, instead of being included in the back-
light 30.

As thelight for the position detection, infrared light, visible
light, ultraviolet light, or the like can be used, but because
infrared light is transmitted (pass) through the liquid crystal
panel 10 regardless of image display state (visible light trans-
mittance), it is possible to avoid the problem of insufficient
light intensity for position detection that occurs when the
display screen is dark. Therefore, it is preferable to use infra-
red light as the light for the position detection in the liquid
crystal display device 1. Below, an example of using infrared
light as the light for the position detection is described, and
the light sources 304 are referred to as first infrared light
sources 306 in the description.

The liquid crystal panel 10 includes an active matrix sub-
strate 11 (TFT substrate), an opposite substrate 12 (color filter
(CF) substrate), a liquid crystal layer 13, polarizing plates 14a
and 145, a protective plate (not shown), and pixels for dis-
playing images arranged in a matrix.

The active matrix substrate 11 and the opposite substrate
12 are disposed so as to face each other through the liquid
crystal layer 13. The polarizing plate 14a is provided on an
image display side (front side) of the opposite substrate 12,
and the polarizing plate 144 is provided on a side (rear side)
of the active matrix substrate 11 opposite to the image display
side.

The respective polarizing plates 14a and 14b serve as
polarizing elements. When liquid crystal materials sealed in
the liquid crystal layer 13 are of a vertical alignment type, for
example, by disposing the polarizing plate 14¢ on the front
side and the polarizing plate 146 on the rear side such that the
respective polarizing directions are in a crossed Nicols state,
the liquid crystal panel 10 of a normally black mode can be
achieved.

In the active matrix substrate 11, TFTs (not shown) that are
switching elements for driving the respective pixels, an align-
ment film 16, photo sensors 17 (light-receiving elements),
pixel electrodes 23, data signal lines 24, and the like are
formed on a glass substrate 15.

The photo sensors 17 are made of photodiodes, phototrans-
istors, or the like, and by outputting electric currents or
charges in accordance with the intensity of received light to
the outside, the received light intensity can be derived. As the
photo sensors 17, photo sensors made of a-Si (amorphous
silicon), p-Si (polysilicon, polycrystalline silicon), or CG
silicon (Continuous Grain Silicon) can be used, for example.

In the opposite substrate 12, a color filter layer 19, an
opposite electrode 20, an alignment film 21, and the like are
formed on a glass substrate 18. The color filter layer 19
includes colored sections in respective colors ofred (R) (197),
green (G) (19g), and blue (B) (195) and a black matrix 22.

The front light-emitting unit 40 includes four light sources
40a (second light sources) having a bullet shape. As shown in
FIGS. 1 and 2, the light sources 40q are disposed at respective
corners (four corners) in the periphery (outside) of an image
display region 124 on the side surfaces 12a of the opposite
substrate 12. There is no special limitation on the number of
the light sources 40a as long as at least one light source is
provided. Also, the shape of the light sources 40a is not
limited to the bullet shape.

As the light of the light sources 40q, infrared light, visible
light, ultraviolet light, or the like can be used, but in a manner
similar to the light sources 305, it is preferable to use infrared
light. Below, an example of using infrared light as the light of
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the light sources 40q is described, and the light sources 40a
are referred to as second infrared light sources 40a in the
description.

Next, how the light travels in the liquid crystal display
device 1 will be explained. FIG. 4 is a cross-sectional view
schematically showing how the light emitted from the back-
light 30 (light emitted from the visible light sources 30a and
the first infrared light sources 305 (first infrared light)) and the
light emitted from the second infrared light sources 40a of the
front light-emitting unit 40 travel. FIG. 5 is a plan view of the
image display region 126 schematically showing how the
light emitted from the second infrared light sources 404 trav-
els. In FIGS. 4 and 5, the dashed lines represent visible light
(light emitted from the visible light sources 30a) and the solid
lines represent infrared light.

In the respective second infrared light sources 40a, angles
of the emitting surfaces thereof are set such that optical axes
of respective infrared light beams (second infrared light)
emitted therefrom passes through a line that is perpendicular
to the liquid crystal panel 10 and that runs through the center
of the image display region 124, and travels across the image
display region 126 (on the side where the subject to be
detected is present). FIG. 4 shows an example in which the
emergence angle of the optical axis of the second infrared
light is set to 45 degrees relative to the image display surface
10a. There is no special limitation on the emergence angle,
and it may be appropriately set in accordance with the size
and shape of the liquid crystal panel 10, the number of the
second infrared light sources 40qa, and the like.

Part of the first infrared light and the second infrared light
that entered the image display region 124 is reflected by a
subject to be detected, and part of the reflected light is
received by the photo sensor 17 in the liquid crystal panel.

With this configuration, the infrared light (second infrared
light) emitted from the second infrared light sources 40a
enters the image display region 125 without going through
(passing through) the liquid crystal panel 10, unlike the infra-
red light (first infrared light) emitted from the first infrared
light sources 305. Therefore, because the attenuation of the IR
intensity, which results from the light propagating through the
liquid crystal panel 10, does not occur in the second infrared
light, the intensity of the second infrared light that entered the
image display region 125 becomes higher than that of the first
infrared light. This allows the reachable area (radiation range)
ofthe infrared light to be expanded in a direction further away
from the image display surface 10a.

FIG. 6 is a graph showing an example of a relationship
between the distance L from the image display surface 10a of
the liquid crystal panel 10 and the IR intensity of infrared light
at the distance L. In this figure, a comparison between the
measurement results of the IR intensity when provided with
the first infrared light sources 305 only (configuration similar
to the conventional configuration; see FIG. 22) and the mea-
surement results of the IR intensity when provided with the
second infrared light sources 40a only (at the four corners in
the periphery of the image display region 12b). As shown in
this figure, in a region where the distance L. from the image
display surface 10 of the liquid crystal panel 10 to a subject
to be detected is great (L>35 mm), the IR intensity of the
second infrared light is higher than that of the first infrared
light. That is, it is understood that when the second infrared
light sources 40a are provided, the reachable area (radiation
range) of the infrared light is expanded in a direction further
away from the image display surface 10a.

In a region where the distance L. from the image display
surface 104 to the subject to be detected is small (L<35 mm),
which s out of the radiation range of the second infrared light,
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the IR intensity of the first infrared light is higher than that of
the second infrared light. In this graph, the relationship in the
IR intensity size between the first infrared light and the sec-
ond infrared light is reversed after the point where the dis-
tance from the image display surface 10a to the subject to be
detected is 35 mm. However, this border point is changed by
adjusting the angle of the emerging direction of the second
infrared light sources 40a. This graph shows an example in
which the emergence angle of the optical axis of the second
infrared light emitted from the second infrared light sources
40a is set to 45 degrees relative to the image display surface
10a.

The liquid crystal display device 1 according to the present
embodiment use both the first infrared light sources 3056 and
the second infrared light sources 40a. This allows the second
infrared light to be radiated to the region where the IR inten-
sity of the first infrared light is low, and as a result, the
respective radiation ranges of the two types of light can be
compensated with each other. This makes it possible to
achieve a sufficient IR intensity regardless of the distance L
from the image display surface 10a to the subject to be
detected.

FIG. 7 shows a graph obtained by combining the graph
shown in FIG. 6 with the measurement results of the IR
intensity in the liquid crystal display device 1 according to
this embodiment that uses both the first infrared light sources
304 and the second infrared light sources 40a. As shown in
this figure, in the present liquid crystal display device 1, the
IR intensity of the infrared light in the image display region
125 equals a sum of the IR intensity of the first infrared light
and the IR intensity of the second infrared light, and the
sufficient IR intensity can be obtained in both regions where
the distance L from the image display surface 10a to the
subject to be detected is small and where the distance L is
great, as compared with the configuration provided with the
first infrared light sources 305 only (configuration similar to
the conventional configuration). In this example, in particu-
lar, the IR intensity reaches a peak around a point where the
distance L is 40 mm. Therefore, even when the subject to be
detected is present around the position where the distance L is
40 mm, reflection light with strong intensity is obtained from
the subject to be detected, thereby making it possible to
accurately identify the position thereof. Thus, even when the
subject to be detected and the liquid crystal panel 10 are apart
from each other, the position of the subject to be detected can
be accurately identified.

Next, features of the liquid crystal display device 1 accord-
ing to the present embodiment will be explained.

FIG. 8 is a block diagram showing a schematic configura-
tion of the liquid crystal display device 1. The liquid crystal
display device 1 includes the liquid crystal panel 10, the
backlight 30, a panel driver circuit 31, a white LED driver
circuit 32, an infrared LED driver circuit 33, an A/D converter
36, an image processing section 35, a brightness sensor 37,
and a microprocessor unit (referred to as an MPU below) 38.

The liquid crystal panel 10 includes a plurality of pixels
and a plurality of photo sensors 17 arranged in a matrix (see
FIGS. 1 to 3). The liquid crystal display device 1 receives
display data Din from an external device (not shown). The
received display data Din is supplied to the panel driver
circuit 31 via the image processing section 35. The panel
driver circuit 31 supplies voltages corresponding to the dis-
play data Din to the respective pixels of the liquid crystal
panel 10. This way, an image corresponding to the display
data Din is displayed on the liquid crystal panel 10 by the
respective pixels.
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The backlight 30 includes a plurality of white LEDs (Light
Emitting Diodes) 30a and a plurality of first infrared LEDs
305, and emits light (white light and infrared light) to the rear
surface of the liquid crystal panel 10. The white LED driver
circuit 32 turns on and off'a power supply voltage to the white
LEDs 30a in accordance with a white LED control signal WC
outputted from the MPU 38. In the following description, the
white LED driver circuit 32 supplies a power supply voltage
when the white LED control signal WC is at a high level, and
does not supply the power supply voltage when the white
LED control signal WC is at a low level. The white LEDs 30a
are turned on during a period when the white LED control
signal WC is at a high level, and are turned off during a period
when the white LED control signal WC is at a low level.

The infrared LED driver circuit 33 turns on and off a power
supply voltage to the first infrared LEDs 305 of the backlight
30 and to the second infrared LEDs 40a of the front light-
emitting unit 40 in accordance with an IR control signal IRC
outputted from the MPU 38. In the following description, the
infrared LED driver circuit 33 supplies a power supply volt-
age when the IR control signal IRC is at a high level, and does
not supply the power supply voltage when the IR control
signal IRC is at a low level. The first infrared LEDs 306 and
the second infrared LEDs 40a are turned on during a period
when the IR control signal IRC is at a high level, and are
turned off during a period when the IR control signal IRC is at
a low level. The first infrared LEDs 305 and the second
infrared LEDs 40a are turned on and off in a synchronized
manner in accordance with the IR control signal IRC.

Output signals from the photo sensors 17 are outputted by
the liquid crystal panel 10 as sensor output signals SS. The
sensor output signals SS, which are analogue signals, are
converted into digital signals by the A/D converter 36. Output
signals from the A/D converter 36 are signals representing the
position identified by infrared light reflected by the subject to
be detected. The MPU 38 performs a process of identifying
the position of the subject to be detected based on the sensor
output signals SS obtained during a sensing period of the
coordinate information. The MPU 38 thereafter performs a
process of determining coordinates based on the results of the
position identification process, and after determining coordi-
nates in an image, which correspond to the position that
received the reflection light from the subject to be detected,
outputs the determined coordinates as coordinate data.

FIG. 9 is a circuit block diagram showing a configuration
example of a circuit of the liquid crystal panel 10 and a
peripheral circuit thereof. Here, one pixel is made of three
picture elements corresponding to respective colors. That is,
as shown in FIG. 9, the pixel P includes a red picture element
407 corresponding to red (R), a green picture element 40g
corresponding to green (G), and a blue picture element 405
corresponding to blue (B). A photo sensor 175 is arranged
such that a photodiode 3954 is located in the same column as
the blue picture element 4054. That is, the photo sensor 170 is
arranged such that the photodiode 394 is disposed to face the
rear surface of the blue filter (see FIGS. 3 and 9).

In other pixels (not shown) than the pixel P shown in FIG.
9, the photo sensors 17 are arranged such that photodiodes
39~ are disposed to face the rear surfaces of red filters. Sub-
stantially equal number of the photo sensors 175 of the blue
picture elements 405 and the photo sensors 177 of the red
picture elements 407 are arranged in a prescribed pattern.

FIG. 10(a) s a schematic diagram showing an arrangement
example of the photo sensors 17 in this case. In this figure,
“R,)” “G,” and “B” respectively represent red picture ele-
ments, green picture elements, and blue picture elements, and
“S” represents photo sensors. In the pixels Pa and Pc, the
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photo sensors “S” are disposed in the blue picture elements
“B,” and in the pixels Pb and Pd, the photo sensors “S” are
disposed in the red picture elements “R.”

In FIG. 10(a), the photo sensors “S” are alternately dis-
posed in different picture elements in respective horizontal
lines, but the arrangement pattern is not limited to such. As
shown in FIG. 10(b), for example, the photo sensors “S” may
be alternately disposed in different picture elements in
respective vertical lines. Alternatively, as shown in FIG.
10(c), the photo sensors “S” may be disposed in different
picture elements in respective adjacent pixels. Alternatively,
as shown in FIG. 10(d), each pixel may be provided with two
photo sensors “S.” or as shown in FIG. 10(e), one photo
sensor “S” may be provided in each picture element.

The configuration of the photo sensors 17 is not limited to
the configuration shown in FIGS. 3, 9, and 10, where the
photo sensors 17 are disposed to face the rear surfaces of the
filters corresponding to the respective picture elements. The
color filter layer 19 (see FIG. 3) facing the photo sensor 17
may also be a filter (infrared filter) that only transmits infrared
light.

Below, an example of an operation of outputting sensor
output signals by the photo sensor 175 will be explained. The
photo sensor 1754 is arranged such that the photodiode 395
thereof is disposed to face the rear surface of the blue filter in
the blue picture element 405 of the same column.

As shown in FIG. 9, the liquid crystal panel 10 includes
“m” number of scan signal lines G1 to Gm, 3n number of data
signal lines SR1 to SRn, SG1 to SGn, SB1 to SBn, (mx3n)
number of pixels P (picture elements 407, 40g, 405), (mxn)
number of photo sensors 17, “m” number of sensor read-out
lines RW1 to RWm, and “m™ number of sensor reset lines
RS1 to RSm.

The scan signal lines G1 to Gm are arranged in parallel
with each other. The data signal lines SR1 to SRn, SG1 to
SGn, SB1 to SBn are arranged in parallel with each other so
as to cross the scan signal lines G1 to Gm at a right angle. The
sensor read-out lines RW1 to RWm and the sensor reset lines
RS1 to RSm are arranged in parallel with the scan signal lines
G1to Gm.

Pixels P (407, 40g, 40b) are disposed near respective inter-
sections of the scan signal lines G1 to Gm and the data signal
lines SR1 to SRn, SG1 to SGn, SB1 to SBn one by one. The
pixels P are arranged two dimensionally (in a matrix) as a
whole with “m” in the column direction (vertical direction in
FIG. 9) and “3n” in the row direction (horizontal direction in
FIG. 9).

As described above, the pixels P are divided into the red
picture elements 407, the green picture elements 40g, and the
blue picture elements 405 depending on the colors of the color
filters provided therein. The three types of picture elements
40r, 40g, and 404 are arranged side by side in the row direc-
tion, and three picture elements constitute one pixel.

The pixel P includes TFTs (Thin Film Transistors) 51 and
liquid crystal capacitances 52. The gate terminal of each TFT
51 is connected to the scan signal line Gi (“1” is an integer of
1 or greater but not exceeding “m”), and the source terminal
is connected to one of the data signal lines SRj, SGj, and SB;j
(“9” is an integer of 1 or greater but not exceeding “n”). The
drain terminal is connected to a pixel electrode (not shown).
The pixel electrode is connected to one electrode of the liquid
crystal capacitance 52, and the other electrode of the liquid
crystal capacitance 52 is connected to a common electrode.
Below, the data signal lines SG1 to SGn connected to the
green picture elements 40g are referred to as G data signal
lines, and the data signal lines SB1 to SBn connected to the
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blue picture elements 405 are referred to as B data signal
lines. The pixel P may also include an auxiliary capacitance.

The light transmittance (brightness of picture elements) of
the pixel Pis determined by a voltage written in the pixel P. By
applying a high-level voltage (voltage that turns on the TFT
51) to the scan signal line Gi, and by applying a voltage to be
written to the data signal line SXj (X is one of R, G, and B),
the voltage can be written into the pixel P that is connected to
the scan signal line Gi and the data signal line SXj. By writing
a voltage corresponding to the display data Din into the pixel
P, the brightness of the picture elements can be set to a desired
level.

The photo sensor 17 is constituted of a capacitor 39a, the
photodiode 395, and a sensor preamplifier 39¢.

One electrode of the capacitor 39a is connected to the
cathode terminal of the photodiode 395 (this connecting point
is referred to as a node A below). The other electrode of the
capacitor 39¢ is connected to the sensor read-out line RWi,
and the anode terminal of the photodiode 394 is connected to
the sensor reset line RSi. The sensor preamplifier 39¢ is
constituted of a TFT having the gate terminal connected to the
node A, the drain terminal connected to the B data signal line
SBj, and the source terminal connected to the G data signal
line SGj.

In order to detect a light intensity by the photo sensor 17
connected to the sensor read-out line RWi, the B data signal
line SBj, and the like, a prescribed voltage is applied to the
sensor read-out line RWi and to the sensor reset line RSi, and
a power supply voltage VDD is applied to the B data signal
line SBj at a timing represented by the timing chart shown in
FIG. 11. Specifically, when light is incident on the photodiode
394 after the sensor read-out line RWi and the sensor reset line
RSi are provided with a prescribed voltage, electric current
corresponding to the incident light intensity flows through the
photodiode 395, causing the voltage of the node A to lower by
the size of the current that flowed. When the power supply
voltage VDD is applied to the B data signal line SBj, the
voltage of the node A is amplified by the sensor preamplifier
39¢, and the amplified voltage is outputted to the G data signal
line SGj. Therefore, based on the voltage at the G data signal
line SGj, the light intensity detected (received) by the photo
sensor 17 can be obtained.

As shown in FIG. 9, in the periphery of the liquid crystal
panel 10, a scan signal line driver circuit 41, a data signal line
driver circuit 42, a sensor row driver circuit 43, “p” (“p” is an
integer of 1 or greater but not exceeding “n”) number of
sensor output amplifiers 44, and a plurality of switches 45 to
48 are provided. The scan signal line driver circuit 41, the data
signal line driver circuit 42, and the sensor row driver circuit
43 correspond to the panel driver circuit 31 in FIG. 8.

The data signal line driver circuit 42 has 3n number of
output terminals, corresponding to the 3n number of data
signal lines. Between each of the G data signal lines SG1 to
SGn and each of the “n” number of output terminals corre-
sponding thereto, one switch 45 is provided. Between each of
the B data signal lines SB1 to SBn and each of the “n” number
of output terminals corresponding thereto, one switch 46 is
provided. The G data signal lines SG1 to SGn are divided into
groups of “p” number, and between the k-th (“k” is an integer
of 1 or greater, but not exceeding “p”) G data signal line in
each group and the input terminal of the k-th sensor output
amplifier 44, one switch 47 is provided. The B data signal
lines SB1 to SBn are all connected to one end of the switch 48,
and the other end of the switch 48 is applied with the power
supply voltage VDD. FIG. 9 includes “n” number of switches
45 to 47, respectively, and one switch 48.
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The present liquid crystal display device 1 performs dif-
ferent operations between a display period and a sensing
period. In the display period, the switches 45 and 46 are
turned on, and the switches 47 and 48 are turned off. On the
other hand, in the sensing period, the switches 45 and 46 are
turned off, the switch 48 is turned on, and the switches 47 are
turned on in a time-shared manner such that the G data signal
lines SG1 to SGn are sequentially connected to the input
terminals of the sensor output amplifiers 44 group by group.

During the display period shown in FIG. 11, the scan signal
line driver circuit 41 and the data signal line driver circuit 42
are operated. In accordance with a timing control signal C1
(see FIG. 9), the scan signal line driver circuit 41 selects one
scan signal line per one line time from the scan signal lines G1
to Gm, applies a high-level voltage to the selected scan signal
line, and applies a low-level voltage to the rest of the scan
signal lines. The data signal line driver circuit 42 drives the
data signal lines SR1 to SRn, SG1 to SGn, SB1 to SBn
line-sequentially in accordance with the display data DR,
DG, and DB outputted from the image processing section 35.
More specifically, the data signal line driver circuit 42 stores
the display data DR, DG, and DB for at least one line each,
and applies a voltage corresponding to the display data for
one line to the data signal lines SR1 to SRn, SG1 to SGn, SB1
to SBn per one line time. Alternatively, the data signal line
driver circuit 42 may drive the data signal lines SR1 to SR,
SG1 to SGn, SB1 to SBn dot-sequentially.

During the sensing period shown in F1G. 11, the sensor row
driver circuit 43 and the sensor output amplifiers 44 are opet-
ated. In accordance with a timing control signal C2 (see FIG.
9), the sensor row driver circuit 43 selects one signal line each
from the sensor read-out lines RW1 to RWm and from the
sensor reset lines RS1 to RSm per one line time, applies
prescribed read-out voltage and reset voltage to the selected
sensor read-out line and to the selected sensor reset line,
respectively, and applies a voltage different from the voltage
applied to the selected lines to the rest of the signal lines.
Typically, the lengths of time for processing one line differ
between the display period and the sensing period. The sensor
output amplifiers 44 amplify the voltages selected by the
switches 47, and output the voltages as the sensor output
signals SS1 to SSp.

InFIG. 11, the white LED control signal WC is set to a high
level during the display period, and is set to a low level during
the sensing period. In this case, the white LEDs 30a (see FIG.
8) of the backlight 30 are turned on during the display period,
and are turned off during the sensing period. This way, it is
possible to make the photodiode 396 less likely to be affected
by light from the backlight. Alternatively, it can be configured
such that the white LEDs 304 are always on. In this configu-
ration, the white LED control signal WC stays at the high
level.

The IR control signal IRC is set to a low level during the
display period, and is set to a high level during the sensing
period. In this case, the first infrared LEDs 305 of the back-
light 30 and the second infrared LEDs 40a of the front light-
emitting unit 40 (see FIG. 8) are turned off during the display
period, and are turned on during the sensing period. This way,
it is possible to make the photodiode 395 less likely to be
affected by white light (visible light).

FIG. 12 is a flowchart showing an example of a process of
identifying a position where the reflected light from a subject
to be detected is incident on in the liquid crystal display
device 1. The process shown in FIG. 12 is performed within
one frame time by the MPU 38 shown in FIG. 8.

The A/D converter 36 (see FIG. 8) converts analog output
signals SS outputted from the photo sensors 17 provided in
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the liquid crystal panel 10 into digital signals. When the
position detection is performed by using reflection light
reflected by a subject to be detected, for example, the output
signals SS from the photo sensors 17 arranged so as to cor-
respond to the blue picture elements are converted into digital
signals.

The MPU 38 obtains the digital signals as a scan image
(step S1), and thereafter performs a process of identifying the
pixel position with respect to the obtained scan image (step
S2).

FIG.13(a)is a schematic diagram of a scanimage when the
pixel number is mxn, for example. As shown in this figure,
when the scan image is shown as a binary image based on a
prescribed threshold value, it is determined that a pixel with
the value “1” is the pixel that received the reflection light, and
the pixel position of this pixel is identified. In this figure, the
pixel position (Xn-i, Ym-j) is identified.

On the other hand, FIG. 13(5) shows a scan image when the
reflection light has a large radiation range, and is thereby
incident on a plurality of pixels. The pixel positions identified
in this case include eight pixels that surround the pixel posi-
tion (Xn-i, Ym-j). The scan image in this figure can be
obtained in the arrangement pattern shown in FIG. 10(d) or
10(e).

When the pixel position is identified, the MPU 38 performs
a process of determining a coordinate position in the image,
which corresponds to the identified pixel (step S3). As shown
in F1G. 13(a). for example, coordinates that correspond to the
identified pixel position (Xn-1, Ym-j) are determined. When
both of the image resolution of the display image and the
screen resolution of the liquid crystal panel are “mxn,” and
coincide with each other, it is determined that the pixel posi-
tion (Xn-i, Ym+)) is the coordinate position. When the image
resolution and the screen resolution do not coincide with each
other, a coordinate position corresponding to the pixel posi-
tion can be determined through coordinate conversion.

When nine pixel positions including the pixel position
(Xn-1, Ym-j) are identified as shown in FIG. 13(), the coor-
dinate position can be determined in accordance with pre-
scribed rules. For example, the coordinate position can be
determined based on the pixel that is closest to the center of
the identified pixels. In this case, as shown in FIG. 13(5), the
corresponding coordinates can be determined based on the
pixel position (Xn-I, Ym-j), which is the center of the plurality
of pixels having the value “1.” Alternatively, coordinates cor-
responding to all of the pixel positions having the value “1” in
this figure can be determined as the coordinate positions.

Next, another configuration of the front light-emitting unit
40 in a liquid crystal display device 1 of the present invention
will be explained. In FIGS. 1 and 2, the second infrared light
sources 40a of the front light-emitting unit 40 are disposed at
the respective corners (four corners) in the periphery of the
image display region 126 on the side surface 12a of the
opposite substrate 12, but the front light-emitting unit 40 of
the present embodiment is not limited to such, and a configu-
ration shown in FIGS. 14, 15(a), and 15(b) is also possible.
FIG. 14 is a plan view showing another configuration of the
liquid crystal display device 1. FIG. 15(a) is a view from the
arrow C in FIG. 14, and FIG. 15(5) is a cross-sectional view
along the line A-B in FIG. 14. In this configuration, the front
light-emitting unit 40 has light guides 40¢ (light guide mem-
bers) in addition to the second infrared light sources 40a. As
shown in FIGS. 14 and 15, the second infrared light source
40a is disposed in the center of each side surface 12a of the
opposite substrate 12. The light guides 40c¢ are arranged such
that one end surfaces face the respective emitting surfaces of
the second infrared light sources 40a and such that end por-
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tions having the other end surfaces surround the opposite
substrate 12. Further, the emitting surfaces of the light guides
40c are set such that the optical axis of emitted light forms 45
degrees with the image display surface 10a, for example.

According to this configuration, infrared light emitted
from the second infrared light sources 40q travels inside the
light guides 40c, exits through the emitting surfaces of the
light guides 40c, and enters the image display region 125
without going through (passing through) the liquid crystal
panel 10. FIG. 16 shows how light travels in the liquid crystal
display device 1 having the above-mentioned configuration.
As shown in this figure, uniform infrared light can be emitted
to the image display region 125 from the periphery of the
opposite substrate 12, and therefore, the position of a subject
to be detected can be identified more accurately regardless of
the position thereof in the horizontal direction (position in the
X-Y plane that is parallel with the image display surface 10a).

There is no special limitation on the shape of the light
guides 40¢ shown in FIGS. 14 and 15, and the shape shown in
FIGS. 17, 18(a), and 18(b), for example, can also be
employed as another configuration. FIG. 17 is a plan view
showing another configuration of the liquid crystal display
device 1. FIG. 18(a) is a view from thearrow F in FIG. 17, and
FIG. 18(b) is a cross-sectional view along the line D-E in FIG.
17. In this configuration, the second infrared light sources 40a
are disposed at the respective corners (four corners) in the
periphery of the image display region 125 in a manner similar
to FIGS. 1 and 2, and infrared light that enters through light-
receiving end portions (side surfaces) of the respective light
guides 40¢ travels therein while reflecting internally, and is
emitted through emitting surfaces (top surfaces) of the light
guides 40c¢ toward the image display region 12b.

In the respective configurations described above, four sec-
ond infrared light sources 40a are provided, but another con-
figuration having a single second infrared light source 40a is
also possible. In this case, as shown in FIG. 19, infrared light
emitted from the single second infrared light source 40a is
incident on the light guide 40c¢ that is formed as a single
component surrounding the image display region 124, and
this incident light is emitted to the image display region 125
through the emitting surfaces in the four sides of the light
guide 40¢ after travelling inside the light guide 40¢ while
repeatedly reflecting therein.

The configuration of the liquid crystal display device 1 of
embodiments of the present invention is not limited to a
configuration performing planar (2D: Two Dimension) image
display, and it can also be configured to perform stereoscopic
(3D: Three Dimension) image display.

In the liquid crystal display device displaying 3D images,
in order to supply images having different points of view to
left and right eyes of the viewer, respectively, an image for the
left eye and an image for the right eye on the display screen
are encoded by colors, optical polarizing states, or display
times, for example, and are separated by a glasses-like filter
system that the viewer wears, thereby supplying each eye
with the corresponding image only.

Alternatively, the liquid crystal display device may be con-
figured such that the liquid crystal panel thereof is provided
with a parallax barrier in which light transmissive regions and
light-shielding regions are formed in a stripe pattern. This
way, 3D images can be perceived by the viewer without a
visual aid tool such as a filter system. FIG. 20 shows a prin-
ciple of the 3D display in a liquid crystal display device using
a parallax barrier. FIG. 20(a) shows an effect of the parallax
barrier providing the viewing angles, and FIG. 20(4) shows
observed regions on a 3D display screen. According to this
configuration, specific viewing angles are respectively pro-
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vided by a parallax barrier 102 to an image for right eye and
an image for left eye that are generated by a liquid crystal
panel 101 (see FIG. 20(a)), which allows each eye to perceive
the corresponding image only in a specific observed region in
space. As a result, 3D image is recognized by the viewer (see
FIG. 20(b)).

The liquid crystal display device 1 of an embodiment of the
present invention may also be configured to have a function of
switching a display mode between planar (2D) display (first
display mode) and stereoscopic (3D) display (second display
mode).

Switching the display mode between 2D and 3D in the
liquid crystal display device equipped with a parallax barrier
can be achieved by providing a switch for disabling and
enabling the parallax barrier function using a switching liquid
crystal layer or the like such that 3D display and 2D display
are electrically switched, for example. That is, in this liquid
crystal display device, the switching liquid crystal layer is
turned ON and OFF, and when the parallax barrier function is
thereby enabled, 3D display is performed, and when the par-
allax barrier function is thereby disabled, 2D display is pet-
formed.

In theliquid crystal display device of such an embodiment,
there is no special limitation on the configuration for perform-
ing 2D display and 3D display, and any known techniques can
be employed.

In the present liquid crystal display device 1, it is possible
to accurately identify the position of a subject to be detected
(such as a finger of the user of the liquid crystal display
device) even in a region remote from the image display sur-
face 10a of the liquid crystal panel 10, and therefore, when the
user recognizes a 3D image and gives an instruction thereto
using a finger, the position thereof'can be accurately identified
as intended by the user. Thus, the liquid crystal display device
1 of the present invention can be suitably used for configura-
tions performing 3D display.

As another configuration, the present liquid crystal display
device may be configured to display different images in dif-
ferent directions; more specifically, to perform a so-called
dual view display, veil view display, or triple view display.

In the present embodiment, a liquid crystal display device
has been described as an example of the display device, but
the present embodiment is not limited to this, and an elec-
troluminescence (EL) display device may also be used as the
display device.

The present invention is not limited to each embodiment
above, and various modifications can be made without depart-
ing from the scope defined by the claims. Embodiments that
can be obtained by appropriately combining techniques dis-
closed in respective different embodiments are also included
in the technical scope of the present invention.

INDUSTRIAL APPLICABILITY

The present invention can be suitably used for a touch
panel-equipped 3D display device with built-in photo sen-
SOrS.

DESCRIPTIONS OF REFERENCE
CHARACTERS

1 liquid crystal display device (display device)
10 Tiquid crystal panel (display panel)

104 image display surface

11 active matrix substrate (TFT substrate)

12 opposite substrate (color filter (CF) substrate)
12a side surface (of opposite substrate)

20

25

30

40

45

60

65

16

124 image display region

13 liquid crystal layer

14a (front side) polarizing plate

145 (rear side) polarizing plate

15 glass substrate (in TFT substrate)

16 alignment film (in TFT substrate)

17 photo sensor (light-receiving element)

18 glass substrate (in CF substrate)

19 color filter layer

20 opposite electrode

21 alignment film (in CF substrate)

22 black matrix

23 pixel electrode

24 data signal line

30 backlight (first light-emitting unit)

30aq visible light source, white LED

305 first infrared light source, first infrared LED (first light
source)

31 panel driver circuit

32 white LED driver circuit

33 infrared LED driver circuit

35 image processing section

36 A/D converter

37 brightness sensor

38 microprocessor unit (MPU)

39a capacitor

395 photodiode

39¢ sensor preamplifier

40 front light-emitting unit (second light-emitting unit)

404 second infrared light source, second infrared LED
(second light source)

40¢ light guide (light guide member)

41 scan signal line driver circuit

42 data signal line driver circuit

43 sensor row driver circuit

44 sensor output amplifier

51 TFT (transistor)

52 liquid crystal capacitance

P pixel

The invention claimed is:

1. A display device having a function of identifying a
position ofa subject to be detected in an image display region
of a display panel by radiating light to the image display
region and by detecting light reflected by the subject to be
detected, the display device comprising: a first light-emitting
unit and a second light-emitting unit that radiate light to the
image display region, wherein the first light-emitting unit is
disposed on a side opposite to an image display surface of the
display panel, and radiates light to the image display region
from a rear surface side of the display panel, and wherein the
second light-emitting unit is disposed outside of the image
display region, and radiates light to the image display region
without having the display panel therebetween, wherein the
first light-emitting unit comprises a light source for image
display and a first light source that emits light to the image
display region for identifying a position of a subject to be
detected, wherein the second light-emitting unit comprises at
least one second light source that emits light to the image
display region for identifying a position of a subject to be
detected.

2. The display device according to claim 1, wherein the
second light-emitting unit comprises a plurality of said sec-
ond light sources, and

wherein said second light sources are respectively disposed

at respective corners in a periphery of the image display
region.
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3. The display device according to claim 2, wherein the
respective second light sources are disposed such that light
emitted from said second light sources travels across the
image display region.

4. The display device according to claim 1, wherein the
second light-emitting unit further comprises a light guide
member outside of the image display region,

wherein the second light source emits light to the light

guide member, and

wherein the light guide member emits light that was emit-

ted from the second light source to the image display
region through an emitting surface of said light guide
member.

5. The display device according to claim 4, wherein the
light guide member is disposed along each side of the image
display region so as to enclose the image display region.

6. The display device according to claim 1, wherein the first
light source is an infrared light source that radiates infrared
light.

10

15

18

7. The display device according to claim 1, wherein the
second light source is an infrared light source that radiates
infrared light.

8. The display device according to claim 1, wherein the
display panel displays a stereoscopic image.

9. The display device according to claim 1, wherein the
display panel switches a display mode between a first display
mode in which a planar image is displayed and a second
display mode in which a stereoscopic image is displayed.

10. The display device according to claim 1, wherein a
position of the subject to be detected that is present at a
position remote from the display panel in the image display
region is identified by detecting light that was emitted from
the first light-emitting unit and the second light-emitting unit
and that was reflected by the subject to be detected.

L S S T
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