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POINTING DEVICE AND DISPLAY DEVICE
USING THE SAME

TECHNICAL FIELD

[0001] Thepresentinvention relatesto a pointing device for
receiving an input of an instruction or the like from a user, and
a display device using the same.

BACKGROUND ART

[0002] In general, a pointing device is constituted sepa-
rately from a display device, and has a detection module that
is mounted on a display unit of the display device, as in the
example of existing touch panels that are resistive type,
capacitance type, or the like. However, in recent years, in
addition to the need to have a small size and be thin, which are
demands for pointing devices particularly in mobile applica-
tions, there has been demand for a reduction in cost and the
number of parts for pointing devices.

[0003] In view of this, there are conventional pointing
devices that utilize photosensors incorporated a liquid crystal
panel used as the display unit, proposals for which are dis-
closed in, for example, JP 2006-3857A and JP 2006-79589A.
Also, based on differences in the light that is used in the
detection operation performed by the photosensors (the light
that incidences on the photosensors), such conventional
pointing devices can be broadly classified into first conven-
tional examples that utilize external light and second conven-
tional examples that utilize irradiated light from the display
device.

[0004] Specifically, in the first conventional example of a
pointing device, a plurality of photosensors are disposed in
the liquid crystal panel, and when a detection target of the
photosensors, such as a finger, exists above the surface of the
liquid crystal panel, different amounts of external light are
detected by the photosensors depending on where they are
disposed. In other words, external light is obstructed by the
detection target, and the amount of light detected by a pho-
tosensor directly under the detection target is significantly
lower than other photosensors, thus enabling obtaining infor-
mation on the position coordinates of the detection target.
[0005] Also, inthe second conventional example ofa point-
ing device, irradiated light from the display device is reflected
off the detection target and detected by a plurality of photo-
sensors disposed in the liquid crystal panel. With such a
pointing device, information on the position coordinates of
the detection object is obtained based on differences in the
amount of reflected light that is detected.

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0006] However, with conventional pointing devices such
as are described above, depending on the surrounding envi-
ronment, the brightness of an operation input screen dis-
played on the display unit, and the like, there have been cases
in which the detection accuracy of the photosensors
decreases, and cases in which position coordinate informa-
tion cannot be appropriately acquired.

[0007] Specifically, in FIG. 14, a liquid crystal display
device 100 includes a liquid crystal panel 111 in which a
liquid crystal layer 114 is sandwiched between a pair of
transparent substrates 113 and 115, and a backlight device
112. Also, in the liquid crystal display device 100, a plurality
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of photosensors 117 included in the first conventional
example of the pointing device are disposed one each in a
plurality of pixels provided in the liquid crystal layer 114.
Normally, external light 10 is irradiated substantially uni-
formly on all of the photosensors 117 in the liquid crystal
display device 100.

[0008] Here, in the exemplary case in which a finger F
exists in the proximity of the surface of the liquid crystal
panel 111, different amounts external light L0 incident on the
photosensor 117 disposed under the finger F and the photo-
sensors 117 that are away from the finger F. Accordingly, with
the first conventional example of the pointing device, infor-
mation on the position coordinates of the finger F can be
acquired from information on the incidence amount distribu-
tion, with respect to the external light L0, from the photosen-
sors 117. In other words, in this case, it is possible to detect
that the finger F exists in an area in which the incidence
amount from the photosensors 117 is low (the detected inten-
sity of the photosensors 117 is weak).

[0009] However, with the first conventional example of the
pointing device, if the surrounding environment is dark, that
is to say, if the intensity of the external light L0 is weak, the
level difference in the incidence amount distribution from the
photosensors 117 is small, and therefore specifying the posi-
tion of the finger F and acquiring information on the position
coordinates thereof is difficult.

[0010] Also, in FIG. 15, a liquid crystal display device 200
includes a liquid crystal panel 211 in which a liquid crystal
layer 214 is sandwiched between a pair of transparent sub-
strates 213 and 215, and a backlight device 212. Also, in the
liquid crystal display device 200, photosensors 217 included
in the second conventional example of the pointing device are
disposed in pixels provided in the liquid crystal layer 214.
Normally, in the liquid crystal display device 200, irradiated
light 111 from the backlight device 212 is irradiated to the
outside through the liquid crystal panel 211.

[0011] Here, in the exemplary case in which the finger F
exists in the proximity of the surface of the liquid crystal
panel 211, part of reflected light .12 from the finger F inci-
dences on the liquid crystal panel 211 and is detected by the
photosensor 217 disposed under the finger F. Accordingly, in
the second conventional example of the pointing device, the
amount of reflected light 1.12 that is detected is different from
a photosensor 217 that is away from the finger F (not shown),
and therefore information on the position coordinates of the
finger F can be acquired from information on the detection
amount distribution, with respect to the reflected light L12,
from the photosensors 217. In other words, in this case, it is
possible to detect that the finger F exists in an area in which
the reflected light 1,12 detection amount from the photosen-
sors 217 is high (the detection intensity of the photosensors
217 is intense).

[0012] However, with the second conventional example of
the pointing device, if a display image such as an operation
input screen displayed by the liquid crystal display device 200
is adark image, that is to say, if the intensity of the light from
the liquid crystal display device 200 that is irradiated to the
outside is weak, the intensity of the reflected light 112 from
the finger F is also low. For this reason, the level difference in
the detection amount distribution from the photosensors 217
is small, and specifying the position of the finger F and
acquiring information on the position coordinates thereof is
difficult.
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[0013] As described above, with conventional pointing
devices, there have been cases in which it is impossible to
prevent a reduction in the detection accuracy of the photosen-
sors due to the influence of the surrounding environment and
the like, and cases in which the functionality has decreased.

[0014] In view of the issues described above, an object of
the present invention is to provide a pointing device in which
a reduction in the detection accuracy of photosensors and a
reduction in functionality are prevented, and a display device
using the same.

Means for Solving Problem

[0015] In order to achieve the object described above, a
pointing device according to an aspect of the present inven-
tion is a pointing device used in a display device that includes
a display unit equipped with a plurality of pixels and that is
configured such that an operation input screen can be dis-
played on the display unit, the pointing device including:
[0016] a photosensor provided for each pixel; and

[0017] a brightness increase instruction unit that instructs
the display device to increase the brightness of light irradiated
from the display unit toward the outside.

[0018] In the pointing device having the above configura-
tion, the brightness increase instruction unit instructs the
display device to increase the brightness of light irradiated
from the display unit of the display device toward the outside,
thereby enabling improving the intensity of reflected light
that is reflected off the detection target of the photosensors.
Accordingly, unlike the conventional examples, it is possible
to prevent a reduction in the detection accuracy of the photo-
sensors and a reduction in functionality.

[0019] Also, in the pointing device described above, it is
preferable that in the pointing device, the brightness increase
instruction unit instructs the display device to, at a predeter-
mined cycle, increase the brightness of the light irradiated
from the display unit toward the outside.

[0020] In this case, it is possible to prevent the increase in
the brightness of the light from being seen as flickering, and
areduction in the display quality of the display device can be
reliably prevented.

[0021] Also, in the pointing device described above, a light
quantity change instruction unit that changes the quantity of
irradiated light from a backlight device provided on the dis-
play device side may be used in the brightness increase
instruction unit.

[0022] In this case, the intensity of the reflected light is be
improved in accordance with the increase in the quantity of
the irradiated light, and it is possible to reliably prevent a
reduction in the detection accuracy of the photosensors and a
reduction in functionality arising therefrom.

[0023] Also, in the pointing device described above, a gra-
dation change instruction unit that changes a display grada-
tion on the display unit may be used in the brightness increase
instruction unit.

[0024] In this case, the intensity of the reflected light is
improved in accordance with the change of the display gra-
dation to a high-brightness gradation, and it is possible to
reliably prevent a reduction in the detection accuracy of the
photosensors and a reduction in functionality arising there-
from.

[0025] Also, it is preferable that the pointing device
described above includes an illuminance sensor that is pro-
vided in the proximity of the display unit and detects a sur-
rounding illuminance of the display unit, and
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[0026] the brightness increase instruction unit instructs the
display device to increase the brightness of the light irradiated
from the display unit toward the outside, with use of a deter-
mination result of the illuminance sensor.

[0027] Inthis case, the brightness increase instruction unit
can increase the brightness of the light in accordance with the
surrounding illuminance of the display unit, thereby enabling
reliably preventing a reduction in the detection accuracy of
the photosensors due to the surrounding illuminance.

[0028] Also, in the pointing device described above, the
brightness increase instruction unit may instruct the display
device to increase the brightness of the light irradiated from
the display unit toward the outside, in accordance with an
operation input screen displayed on the display unit.

[0029] In this case, the brightness increase instruction unit
can increase the brightness of the light in accordance with the
operation input screen being displayed on the display unit,
thereby enabling reliably preventing a reduction in the detec-
tion accuracy of the photosensors due to the brightness of the
operation input screen.

[0030] Also, in the pointing device described above, it is
preferable that the brightness increase instruction unit
instructs the display device to, for each pixel, increase the
brightness of the light irradiated from the display unit toward
the outside.

[0031] In this case, the brightness increase instruction unit
can increase only the brightness of the light irradiated from a
site for receiving an input of an instruction or the like from a
user toward the outside, thereby enabling more appropriately
causing the display device to increase the brightness of the
light, without instructing unnecessary increases in bright-
ness.

[0032] Also, the pointing device described above may
include a position information acquisition unit that, with use
of a detection result of each photosensor, acquires position
information with respect to the operation input screen dis-
played on the display unit.

[0033] In this case, the position information acquisition
unit uses detection results from the photosensors for which a
reduction in detection accuracy has been prevented, thus
enabling the position information acquisition unit to easily
acquire accurate position information.

[0034] Also, the pointing device described above may
include a scanner unit that reads image information with use
of the detection result of each photosensor.

[0035] In this case, the scanner unit uses detection results
from the photosensors for which a reduction in detection
accuracy has been prevented, thus enabling the scanner unit to
easily read accurate image information.

[0036] Also, adisplay device according to another aspect of
the present invention uses any of the above pointing devices.
[0037] The display device having the above configuration
uses the pointing device in which a reduction in the detection
accuracy of the photosensors and a reduction in functionality
arising therefrom axe prevented, thereby enabling easily con-
structing a display device that has high-performance pointing
device functionality.

[0038] Also, in the display device described above, it is
preferable that aliquid crystal panelis used in the display unit,
and

[0039] each photosensor is provided integrally with an
active matrix substrate of the liquid crystal panel.

[0040] In this case, a small size and thinness can be
achieved, and furthermore it is possible to construct a display
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device that has a small number of parts and incorporates a
pointing device that is inexpensive and has high performance.

EFFECTS OF THE INVENTION

[0041] The present invention enables providing a pointing
device in which a reduction in the detection accuracy of
photosensors and a reduction in functionality are prevented,
and a display device using the same.

BRIEF DESCRIPTION OF DRAWINGS

[0042] FIG.1isa diagram illustrating a schematic configu-
ration of a pointing device and a liquid crystal display device
according to Embodiment 1 of the present invention.

[0043] FIG. 2 is a diagram illustrating a configuration of
relevant portions of the liquid crystal display device.

[0044] FIG. 3 is an equivalent circuit diagram showing a
configuration of a photosensor and pixels provided in the
liquid crystal display device.

[0045] FIG. 4 is a block diagram showing a specific exem-
plary configuration of a sensor control unit shown in FIG. 1.
[0046] FIG. 5 is a block diagram showing a specific exem-
plary configuration of a signal processing unit shown in FIG.
1.

[0047] FIG. 61s a flowchart showing basic detection opera-
tions performed by the pointing device.

[0048] FIG. 7 is a diagram illustrating display operations
performed by the liquid crystal display device.

[0049] FIG. 8 is a diagram illustrating basic detection
operations performed by the pointing device.

[0050] FIG.9isa flowchart showing basic detection opera-
tions performed by the pointing device in the case in which
the surrounding environment has changed.

[0051] FIG. 10 is a diagram illustrating a schematic con-
figuration of a pointing device and a liquid crystal display
device according to Embodiment 2 of the present invention.
[0052] FIG.11 is a flowchart showing detection operations
performed by the pointing device shown in FIG. 10 in accor-
dance with an operation input screen.

[0053] FIG. 12 is a diagram illustrating a specific example
of an operation input screen displayed on a display face of the
liquid crystal display device.

[0054] FIG. 13 is a diagram illustrating detection opera-
tions performed by the pointing device shown in FIG. 10.
[0055] FIG. 14 is a diagram illustrating basic detection
operations performed by a first conventional example of a
pointing device.

[0056] FIG. 15 is a diagram illustrating basic detection
operations performed by a second conventional example of a
pointing device.

DESCRIPTION OF THE INVENTION

[0057] Below is a description of preferred embodiments of
a pointing device and a display device using the same accord-
ing to the present invention with reference to the drawings.
Note that the following description takes the example of the
case in which the present invention is applied to a transmis-
sive liquid crystal display device.

Embodiment 1

[0058] FIG.1isa diagram illustrating a schematic configu-
ration of a pointing device and a liquid crystal display device
according to Embodiment 1 of the present invention, and FIG.
2 is a diagram illustrating a configuration of relevant portions
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of the liquid crystal display device. In FIG. 1, a liquid crystal
display device 1 of the present embodiment has the pointing
device of the present invention integrally incorporated
therein, and is equipped with an active matrix substrate 2, and
an LCD drive unit 3 and a pointing device drive unit 4 that are
constituted separately from the active matrix substrate 2.
Also, the liquid crystal display device 1 is provided with an
illuminance sensor S included in the pointing device, and the
pointing device performs operations for detecting an instruc-
tion and the like from auser, in a state in which the influence
of changes in the surrounding illuminance has been removed
by using a detection result from the illuminance sensor S
(described in detail later).

[0059] With reference to FIG. 2 as well, the liquid crystal
display device 1 is provided with a liquid crystal panel 11 as
a display unit, and a backlight device 12 that is disposed on
the non-display face side of the liquid crystal panel 11 and
irradiates planar illumination light onto the liquid crystal
panel 11. The liquid crystal panel 11 includes a pair of trans-
parent substrates 13 and 15, and a liquid crystal layer 14
sandwiched between the transparent substrates 13 and 15.
[0060] Red (R), green (G), and blue (B) color filters 167,
16g, and 165 have been formed on the surface of the trans-
parent substrate 15 that is on the liquid crystal layer 14 side,
and the transparent substrate 15 constitutes a CF substrate.
Also, the liquid crystal panel 11 is provided with R, G, and B
pixels Pr, Pg. and Pb in accordance with the corresponding
color filters 167, 16g, and 165. Also, the surface of the trans-
parent substrate 15 that is on the opposite side from the liquid
crystal layer 14 functions as a display face that displays
information such as characters and images.

[0061] Switching elements that are described later have
been formed for each pixel on the surface of the transparent
substrate 13 that is on the liquid crystal layer 14 side, and the
transparent substrate 13 constitutes the active matrix sub-
strate 2. Also, a photosensor 17 included in the pointing
device is provided integrally with the transparent substrate 13
along with the switching elements. In other words, in the
present embodiment, the photosensor 17 is provided inte-
grally with the active matrix substrate 2 of the liquid crystal
panel 11. Also, among the pixels Pr, Pg, and Pb, a light
receiving element of the photosensor 17 is provided in, for
example, the pixel Pr as shown in FIG. 2, and the light receiv-
ing element receives light that incidences from outside of the
display face (described in detail later).

[0062] Also, a known light source (not shown) such as a
cold cathode tube or light emitting diode is used in the back-
light device 12, and the backlight device 12 emits the illumi-
nation light. Also, as described in detail later, the backlight
device 12 changes the brightness of the illumination light in
accordance with an instruction signal from the pointing
device, and is constituted so as to prevent a reduction in the
detection accuracy of the photosensor 17 as much as possible.
[0063] Also, as shown in FIG. 1, a pixel area 5, a display
gate driver 6, a display source driver 7, a sensor column driver
8, asensor row driver 9, and a buffer amplifier 10 are provided
on the active matrix substrate 2. The display gate driver 6 and
the display source driver 7 are connected to the LCD drive
unit 3 via an FPC (Flexible Printed Circuit) that is not shown,
and the sensor column driver 8, the sensor row driver 9, and
the buffer amplifier 10 are connected to the pointing device
drive unit 4 via another FPC (not shown).

[0064] Note that the above-described constituent members
on the active matrix substrate 2 can also be formed monolithi-
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cally on the transparent substrate 13 by a semiconductor
process. Alternatively, the drivers among the above-described
constituent members may be implemented on the transparent
substrate 13 by, for example, COG (Chip On Glass) technol-
ogy.

[0065] Also, as an alternative to the above description, the
display gate driver 6 and the display source driver 7 may be
connected to the LCD driver 3 via the same FPC that connects
the sensor column driver 8, the sensor row driver 9, and the
buffer amplifier 10 to the pointing device drive unit 4.
[0066] The pixel area 5 constitutes the display face, and is
provided with a plurality of the pixels Pr, Pg, and Pb in a
matrix configuration. Also, a photosensor 17 is provided in
each pixel in the pixel area 5.

[0067] The following describes a specific configuration of
the pixels Pr, Pg, and Ph, and the photosensors 17, with
reference to FIG. 3 as well.

[0068] FIG. 3 is an equivalent circuit diagram showing a
configuration of a photosensor and pixels provided in the
liquid crystal display device.

[0069] As shown in FIG. 3, the pixel area 5 is provided
with, as wiring for pixels, a gate line Gn and source lines Srm,
Sgm, and Sbm that are disposed in a matrix configuration.
The gate line Gn is connected to the display gate driver 6. The
source lines Srm, Sgm, and Sbm are provided for respective
R, G, and B, and are connected to the display source driver 7.
[0070] TFTs (Thin Film Transistor) M1r, Mlg, and M15,
which are the above-described switching elements for pixels,
are provided at intersections between the gate line Gn and the
source lines Sun, Sgm, and Shin respectively. In the pixel Pr,
a gate electrode, a source electrode, and a drain electrode of
the TFT M1r are respectively connected to the gate line G,
the source line Srm, and a pixel electrode that is not shown.
Accordingly, as shown in FIG. 3, a liquid crystal capacitance
LC is formed between the drain electrode of the TEFT M1rand
anopposing electrode (VCOM) in the pixel Pr. Also, a supple-
mentary capacitance LS is formed in parallel with the liquid
crystal capacitance LC.

[0071] Similarly, in the pixel Pg, a gate electrode, a source
electrode, and a drain electrode of the TFT M1g are respec-
tively connected to the gate line Gn, the source line Sgm, and
a pixel electrode that is not shown. Accordingly, as shown in
FIG. 3, aliquid crystal capacitance LC is formed between the
drain electrode of the TFT M1g and an opposing electrode
(VCOM) in the pixel Pg. Also, a supplementary capacitance
LS is formed in parallel with the liquid crystal capacitance
LC.

[0072] Also, in the pixel Pb, a gate electrode, a source
electrode, and a drain electrode of the TFT M1 are respec-
tively connected to the gate line Gn, the source line Sbm, and
a pixel electrode that is not shown. Accordingly, as shown in
FIG. 3, aliquid crystal capacitance LC is formed between the
drain electrode of the TFT M1b and an opposing electrode
(VCOM) in the pixel Pb. Also, a supplementary capacitance
LS is formed in parallel with the liquid crystal capacitance
LC.

[0073] Also, in the pixels Pr, Pg, and Pb, voltage signals
(gradation voltages) that correspond to the brightness (grada-
tion) of information to be displayed on the display face are
supplied from the display source driver 7 via the correspond-
ing source lines Srm, Sgm, and Sbm.

[0074] Specifically, as shown in FIG. 1, the LCD drive unit
3 is provided with a panel control unit 31 and a backlight
control unit 32. The panel control unit 31 receives an input of
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an image signal indicating information to be displayed on the
display face from outside of the liquid crystal display device
1. The panel control unit 31 also generates and outputs
instruction signals to the display gate driver 6 and the display
source driver 7 in accordance with the input image signal.

[0075] Accordingly, based on an instruction signal from the
panel control unit 31, the display gate driver 6 sequentially
outputs, to the gate lines Gn arranged in a matrix configura-
tion, a gate signal for causing the gate electrodes of the
corresponding TFTs M1r, Mlg. and M1 to be in the ON
state. On the other hand, based on an instruction signal from
the panel control unit 31, the display source driver 7 supplies
the gradation voltages to the pixels Pr, Pg, and Pb via the
corresponding source lines Srm, Sgm, and Sbm.

[0076] Also, the backlight control unit 32 receives, from a
controller or the like provided in the liquid crystal display
device 1, an input of a dimming instruction signal that
instructs a change in the brightness of the illumination light.
Also, the backlight control unit 32 is configured to control the
supply of power to the light source of the backlight device 12
based on the input dimming instruction signal. The backlight
control unit 32 is also configured to increase or decrease the
supply of power to the light source in accordance with an
instruction signal from a later-described light quantity change
instruction unit 43 that is provided in the pointing device drive
unit 4, and can adjust irradiated light from the backlight
device 12.

[0077] Also, as shown in FIG. 3, the photosensor 1 7
includes a photodiode D1 as the light reception element
described above, a capacitor C1, and TFTs M2 to M4. Also,
the photosensor 17 is supplied with a constant voltage from
the sensor column driver 8 via wiring VSSj and VSD)j that are
provided parallel to the source lines Srm and Sbm respec-
tively. Also, the photosensor 17 is configured to output a
detection result to a sensor column pixel reading circuit 81 of
the sensor column driver 8 via a wiring OUT] that is provided
parallel to the source line Sm.

[0078] Also, the TFT M4 is connected to a wiring RSTi for
supplying a reset signal. The TFT M3 is connected to a wiring
RWSi for supplying a read signal. The wiring RSTi and RWSi
are connected to the sensor row driver 9.

[0079] As shown in FIG. 1, the sensor column driver 8
includes the sensor column pixel reading circuit 81, a sensor
column amplifier 82, and a sensor column scanning circuit
83, and the sensor column driver 8 operates in accordance
with an instruction signal from a sensor control unit 41 of the
pointing device drive unit 4. The sensor column pixel reading
circuit 81 successively receives, viathe wiring OUTj, an input
of detection results (voltage signals) from the photosensors
17 provided in a matrix configuration in the pixel area 5. The
sensor column pixel reading circuit 81 also outputs the input
voltage signals to the sensor column amplifier 82.

[0080] The sensor column amplifier 82 includes amplifiers
(not shown) that are provided corresponding to the photosen-
sors 17, and the sensor column amplifier 82 amplifies the
corresponding voltage signals and outputs the resulting sig-
nals to the buffer amplifier 10. In accordance with an instruc-
tion signal from the sensor control unit 41, the sensor column
scanning circuit 83 outputs, to the sensor column amplifier
82, a column select signal for causing the amplifiers of the
sensor column amplifier 82 to be sequentially connected to
the buffer amplifier 10. Accordingly, the post-amplification
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voltage signals are output from the sensor column amplifier
82 to the pointing device drive unit side through the buffer
amplifier 10.

[0081] The sensor row driver 9 is provided with a sensor
row level shifter 91 that uses a shifter register, and a sensor
row scanning circuit 92. In accordance with an instruction
signal from the sensor control unit 41, the sensor row scan-
ning circuit 92 sequentially selects the wiring RSTi and RWSi
at a predetermined time interval. Accordingly, in the pixel
area 5, photosensors 17 whose voltage signals (detection
results) are to be read are sequentially selected line-by-line in
the matrix configuration.

[0082] Note that although one photosensor 17 is provided
in one group of R, G, and B pixels Pr, Pg, and Pb in the pixel
area 5 in the above description, the disposed number of pho-
tosensors 17 in the pixel area 5 and the disposition locations
and the like of the photodiodes D1 and the like included
therein are not limited to the above description, butinstead are
arbitrary. For example, a configuration is possible in which a
photodiode D1 that performs substantial light detection is
provided in each of the pixels Pr, Pg, and Pb, and a photosen-
sor 17 is provided in each pixel.

[0083] The pointing device drive unit 4 is provided with the
sensor control unit 41, a signal processing unit 42, and the
light quantity change instruction unit 43. Also, the pointing
device drive unit 4 receives an input of an operation instruc-
tion from a user via, for example, a controller provided on the
liquid crystal display device 1 side, and the sensor control unit
41, the signal processing unit 42, and the light quantity
change instruction unit 43 in the pointing device drive unit 4
operate appropriately in accordance with the input operation
instruction.

[0084] As shown in FIG. 4, the sensor control unit 41 is
provided with a photosensor control unit 41a that controls
driving of the photosensors 17, and an illuminance sensor
control unit 415 that controls driving of the illuminance sen-
sor S. The photosensor control unit 41a is provided with a
mode determination unit 4141 that determines either a sens-
ing mode in which the photosensors 17 are caused to perform
detection operations, or a standby mode in which the sensing
operations of the photosensors 17 are stopped and the photo-
sensors 17 are caused to be on standby. In other words, the
photosensor control unit 41a can switch the photosensors 17
to either a sensing operation state or a stopped state in accord-
ing with the operation instruction. When the mode determi-
nation unit 4141 has determined that the current mode is the
sensing mode, the photosensor control unit 41a outputs the
instruction signals to the sensor column driver 8 and the
sensor row driver 9, and causes the photosensors 17 to per-
form sensing operations. Also, detection results from the
photosensors 17 are stored in a memory (not shown) provided
in the pointing device drive unit 4.

[0085] While the sensing mode is being executed, the illu-
minance sensor control unit 415 causes the illuminance sen-
sor S provided in the proximity of the liquid crystal panel 11
to operate. Accordingly, the surrounding illuminance of the
liquid crystal panel 11 is detected, and the detection result
from the illuminance sensor S is stored in the memory
described above.

[0086] Also, as shown in FIG. 5, the signal processing unit
42 is provided with a position information acquisition unit
42a, ascanner unit 425, and a surrounding illuminance deter-
mination unit 42¢. The position information acquisition unit
424 acquires position information regarding, for example, a
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user’s finger over the display face of the liquid crystal panel
11, with use of the detection results from the photosensors 17
that are stored in the memory. In other words, the position
information acquisition unit 42a can acquire information
regarding a position on, for example, an operation input
screen (instruction input screen) that is displayed on the lig-
uid crystal panel 11.

[0087] Also, the scanner unit 425 is configured to read
image information with use of the detection results from the
photosensors 17 that are stored in the memory, and the scan-
ner unit 425 stores the read image information data in the
memory. Furthermore, the scanner unit 425 is configured so
as to be able to read not only characters, photographs, and the
like, but also a user’s fingerprint as an image, and the scanner
unit 426 can construct a fingerprint authentication system
using the liquid crystal display device 1.

[0088] The surrounding illuminance determination unit
42¢ determines a surrounding illuminance of the liquid crys-
tal panel 11 with use of the detection result from the illumi-
nance sensor S that is stored in the memory. The surrounding
illuminance determination unit 42¢ also outputs the deter-
mined result to the light quantity change instruction unit 43.
[0089] The light quantity change instruction unit 43 con-
stitutes a brightness increase instruction unit that instructs the
liquid crystal display device 1 to increase the brightness of the
light that is irradiated, from the liquid crystal panel 11 toward
the outside. Specifically, the light quantity change instruction
unit 43 instructs the backlight control unit 32 on the liquid
crystal display device 1 side to increase the brightness of the
irradiation light by increasing the quantity of light that is
irradiated from the backlight device 12. Accordingly, as
described in detail later, a reduction in the detection accuracy
of the photosensors 17 can be prevented in the pointing
device.

[0090] Also, based on the determination result from the
surrounding illuminance determination unit 42¢, the light
quantity change instruction unit 43 instructs the backlight
control unit 32 to increase the brightness of the irradiation
light (described in detail later).

[0091] Furthermore, at a predetermined cycle, the light
quantity change instruction unit 43 causes the brightness of
the entire light emitting face of the backlight device 12 to be
increased. Specifically, in the case of continuously causing
the brightness of the entire light emitting face to be increased,
the light quantity change instruction unit 43 outputs, to the
backlight control unit 32, the instruction signal for causing
the brightness to be increased at a cycle of 0.017 seconds or
less (a cycle of 60 Hz or more) as the predetermined cycle.
Accordingly, it is possible to prevent the increase in bright-
ness by the backlight device 12 from being seen as flickering.
[0092] The following is a specific description of operations
in the present embodiment having the above configuration,
with reference to FIGS. 6 to 9 as well.

[0093] First is a description of display operations per-
formed by the liquid crystal display device 1 and basic detec-
tion operations performed by the pointing device, with refer-
ence to FIGS. 6 to 8. Note that the following mainly describes
detection operations for detecting an instruction from the user
based on detection results from the photosensors 17.

[0094] FIG. 6is a flowchart showing basic detection opera-
tions performed by the pointing device. F1G. 7 is a diagram
illustrating display operations performed by the liquid crystal
display device. FIG. 8 is a diagram illustrating basic detection
operations performed by the pointing device.
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[0095] As shown in step S1 of FIG. 6, the mode determi-
nation unit41a1 inthe pointing device drive unit 4 determines
whether the standby mode has been released. Upon determin-
ing that the standby mode has not been released, the pointing
device drive unit 4 determines that the current mode is the
standby mode, does not supply power to the photosensors 17,
and causes the photosensors 17 to be in the standby state.

[0096] Also, as shown in FIG. 7, in the standby mode, the
user views a display image on the liquid crystal panel 11 due
to the irradiation light L1 from the backlight device 12 reach-
ing the user through the liquid crystal panel 11.

[0097] Also, whenithas been determined in the step S1 that
the standby mode has been released, that is to say, when the
mode determination unit 41a1 has determined that the sens-
ing mode has started, the light quantity change instruction
unit 43 causes the backlight control unit 32 to increase the
brightness of the irradiation light from the backlight device 12
(step S2). Thereafter, the photosensor control unit 41a out-
puts the instruction signals described above to the sensor
column driver 8 and the sensor row driver 9 to cause the
photosensors 17 to perform sensing operations (step 53).

[0098] Also, since the photosensor sensing processing in
step S3 is performed after the brightness increasing process-
ing in step S2, as shownin FIG. 8, the brightness of irradiation
light L1' from the backlight device 12 is higher than the
brightness of the irradiation light .1 shown in FIG. 7. Accord-
ingly, the intensity of reflected light L2 that has reflected off
the finger F to the liquid crystal panel 11 side is higher than the
case of using the irradiation light [.1, thus increasing the
amount of reflected light L2 that incidences on the photosen-
sors 17. Additionally, compared to the case of using the irra-
diation light L1, it is possible to increase the difference
between the above incidence amount and the incidence
amount from photosensors 17 on which the reflected light .2
from the finger F does not incident.

[0099] Next, as shown in step S4 of FIG. 6, the pointing
device drive unit 4 determines whether it is necessary to
increase the brightness. Specifically, the signal processing
unit 42 determines whether the photosensor sensing process-
ing in step S3 was performed normally, based onthe detection
results of the photosensors 17 that are stored in the memory.
Upon determining that the photosensor sensing processing
was not performed normally, the pointing device drive unit 4
determines that it is necessary to increase the brightness, and
processing returns to step S2. Accordingly, the sensing pro-
cessing is performed by the photosensors 17 again after the
brightness of the irradiation light from the backlight device 12
has been increased.

[0100] However, in step S4, upon determining that the pho-
tosensor sensing processing was performed normally, the
pointing device drive unit 4 determines that is not necessary to
increase the brightness. Thereafter, as shown in step S5, the
mode determination unit 41a1 determines whether the sens-
ing mode has been continued. In the case of a determination
that the sensing mode has been continued, processing returns
to step S3.

[0101] On the other hand, upon determining in step S5 that
the sensing mode has not been continued, the pointing device
drive unit 4 switches the mode to the standby mode (step S6).
In other words, the photosensors 17 are caused to be in the
standby state by stopping the supply of power to the photo-
sensors 17.

Jan. 6, 2011

[0102] The following describes detection operations per-
formed by the pointing device with use of the detection result
from the illuminance sensor S, with reference to FIG. 9 as
well.

[0103] FIG. 9 is a flowchart showing detection operations
performed by the pointing device in the case in which the
surrounding environment has changed.

[0104] As shown in step S7 of FIG. 9, the mode determi-
nation unit41a1 in the pointing device drive unit 4 determines
whether the current mode is the sensing mode. In the case of
adetermination that the current mode is the sensing mode, the
illuminance sensor control unit 415 causes the illuminance
sensor S to operate, and acquires a detection value for sur-
rounding illuminance of the liquid crystal panel 11 (step S8).
[0105] Next, the surrounding illuminance determination
unit 42¢ determines whether the illuminance detection value
detected by the illuminance sensor S is less than or equal to a
preset threshold value (step S9). In the case ofa determination
that the illuminance detection value is less than or equal to the
threshold value, similarly to step S2, the light quantity change
instruction unit 43 causes the backlight control unit 32 to
increase the brightness of the irradiation light from the back-
light device 12 (step S10).

[0106] Next, as shown in step S11 of FIG. 9, similarly to
step S3, sensing operations are executed by the photosensors
17.

[0107] On the other hand, in the case of a determination in
step S9 that the illuminance detection value exceeds the
threshold value, the pointing device drive unit 4 determines
that the detection accuracy of the photosensors 17 has not
decreased due to the influence of the surrounding illumi-
nance, and the photosensor sensing processing in step S11 is
performed without the execution of the brightness increasing
processing in step S10.

[0108] Next, as shown in step S12 of FIG. 9, the mode
determination unit 41a1 of the pointing device chive unit 4
determines whether the sensing mode has ended. In the case
of a determination that the sensing mode has not ended,
processing returns to step S8.

[0109] However, upon determining in step S12 that the
sensing mode has ended, the pointing device chive unit 4
switches the mode to the standby mode and causes the pho-
tosensors 17 to be in the standby mode.

[0110] In the present embodiment having the above con-
figuration, the light quantity change instruction unit (bright-
ness increase instruction unit) 43 instructs the liquid crystal
display device 1 to increase the brightness of the light irradi-
ated from the liquid crystal panel 11 toward the outside.
Accordingly, as shown in FIG. 8, the intensity of the reflected
light from the finger F (detection target) on the photosensor
17 can be improved. As a result, it is possible to improve the
detection accuracy of the photosensors 17 unlike in the con-
ventional examples described above. Accordingly, it is pos-
sible in the present embodiment to prevent a reduction in the
functionality of the pointing device, and detect a user opera-
tion (input) instruction with a high degree of accuracy. Also,
the pointing device in which a reduction in the detection
accuracy of the photosensors 17 and a reduction in function-
ality arising therefrom are prevented is used in the present
embodiment, thereby enabling easily constructing the liquid
crystal display device 1 that has high-performance pointing
device functionality.

[0111] Also, in the present embodiment, the light quantity
change instruction unit 43 increases the brightness of the
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irradiation light by increasing the quantity of the irradiation
light from the backlight device 12, thus enabling reliably
preventing a reduction in the detection accuracy of the pho-
tosensors 17 and a reduction in functionality arising there-
from.

[0112] Also, it is possible to prevent the increase in bright-
ness by the backlight device 12 from being seen as flickering
in the present embodiment, thus enabling reliably preventing
a reduction in the display quality of the liquid crystal display
device 1.

[0113] Also, in the present embodiment, the light quantity
change instruction unit 43 increases the brightness of the
irradiation light with use of the determination result of the
surrounding illuminance determination unit 42¢ as shown in
FIG. 9, and therefore the light quantity change instruction
unit 43 can increase the brightness of the light according to
the surrounding illuminance of the liquid crystal panel 11,
thus enabling reliably preventing a reduction in the detection
accuracy of the photosensors 17 due to the surrounding illu-
minance.

[0114] Also, the position information acquisition unit 42a
of the present embodiment acquires position information
with use of detection results from the photosensors 17 for
which a reduction in detection accuracy has been prevented,
thus enabling the position information acquisition unit 42a to
easily acquire accurate position information.

[0115] Also, the scanner unit 425 of the present embodi-
ment reads image information with use of detection results
from the photosensors 17 for which a reduction in detection
accuracy has been prevented, thus enabling the scanner unit
425 to easily read accurate image information.

[0116] Note that as an alternative to the above description,
besides the finger F, a touch pen or the like can be the detec-
tion target of the photosensor 17 in the pointing device.

Embodiment 2

[0117] FIG. 10 is a diagram illustrating a schematic con-
figuration of a pointing device and a liquid crystal display
device according to Embodiment 2 of the present invention.
In FIG. 10, a main difference between the present embodi-
ment and Embodiment 1 is thata gradation change instruction
unit that changes a display gradation on the liquid crystal
panel is provided instead of the light quantity increase
instruction unit. Note that the same reference characters are
used for elements that are the same as in Embodiment 1, and
redundant descriptions thereof have been omitted.

[0118] Specifically, as shown in FIG. 10, the pointing
device drive unit 4 of the present embodiment is provided
with a gradation change instruction unit 44 that changes a
display gradation on the liquid crystal panel 11. The gradation
change instruction unit 44 is configured to instruct the panel
control unit 31 on the liquid crystal display device 1 side to
change the display gradation to a high-brightness gradation.
In other words, the gradation change instruction unit 44
instructs that the brightness of the light irradiated from the
liquid crystal panel 11 toward the outside be increased by, for
each pixel of the liquid crystal panel 11, increasing the trans-
missivity of the liquid crystal layer 14.

[0119] Also, based on the determination result from the
surrounding illuminance determination unit 42¢, the grada-
tion change instruction unit 44 instructs the panel control unit
31 to increase the brightness of the light. Accordingly, it is
possible to reliably prevent a reduction in the detection accu-
racy of the photosensors 17 due to surrounding illuminance.
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[0120] Furthermore, similarly to the light quantity change
instruction unit 43, the gradation change instruction unit 44
increases the display gradation on the liquid crystal panel 11
at a predetermined cycle, and is configured so as to enable
preventing the change in the display gradation on the liquid
crystal panel 11 from being seen as flickering, thus preventing
a reduction in display quality.

[0121] Also, the gradation change instruction unit 44 is
provided with an operation input screen determination unit
44a that determines an operation input screen being displayed
on the display face of the liquid crystal panel 11, and the
gradation change instruction unit 44 increases the brightness
of the light by changing the display gradation on the liquid
crystal panel 11 in accordance with the operation input
screen. Specifically, the operation input screen determination
unit 44q receives an input of display data (an image signal) to
be displayed on the display face of the liquid crystal, panel 11
from the LCD drive unit 3, and determines display content of
the operation input screen based on the input display data.
Also, the gradation change instruction unit 44 is configured to
increase the brightness of the light for each pixel with use of
the determination result (described in detail later).

[0122] The following is a specific description of operations
ofthe present embodiment with reference to FIGS. 11to 13 as
well. Note the following mainly describes operations per-
formed by the pointing device for adjusting the brightness of
the light for each pixel in accordance with the operation input
screet.

[0123] FIG. 11 is a flowchart showing detection operations
performed by the pointing device shown in FIG. 10 in accor-
dance with an operation input screen, and FIG. 12 is a dia-
gram illustrating a specific example of an operation input
screen displayed on the display face of the liquid crystal
display device. FIG. 13 is a diagram illustrating detection
operations performed by the pointing device shown in FIG.
10.

[0124] Asshowninstep S13 0of FIG. 11, the operation input
screen determination unit 44a of the gradation change
instruction unit 44 determines whether a pointing site for the
input of an operation (instruction) from the user exists on an
operation input screen being displayed on the display face.
Specifically, the operation input screen determination unit
44a makes a determination regarding whether, for example,
pointing sites g1 and g2 have been set in an operation input
screen G as shown in FIG. 12. In the case of a determination
that the pointing sites g1 and g2 have been set, the gradation
change instruction unit 44 increases the brightness of the light
for only pixels corresponding to the pointing sites g1 and g2
(step S14).

[0125] More specifically, in the liquid crystal display
device 1, the transmissivity of a pixel Px corresponding to the
pointing sites gl and g2 is increased at the predetermined
cycle as shown in FIG. 13. For this reason, the brightness of
the irradiation light L1' from the backlight device 12 that
passes through the pixel Px is higher than the irradiation light
L1 from the backlight device 12 that does not pass through the
pixel Px. As a result, similarly to Embodiment 1, the intensity
of the reflected light L2 that has reflected off the finger F to the
liquid crystal panel 11 side is higher than the case of using the
irradiation light L1, thus increasing the amount of reflected
L2 that incidences on the photosensor 17. Additionally, com-
pared to the case of using the irradiation light L1, itis possible
to increase the difference between the above incidence
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amount and the incidence amount from photosensors 17 on
which the reflected light L2 from the finger F does not inci-
dent.

[0126] Note that in step S14, the gradation change instruc-
tion unit 44 may change the gradation of the entire display
face to a high-brightness gradation. Also. the gradation
change instruction unit 44 may cause a white screen to be
displayed on the display face by setting the transmissivity of
all pixels of the display face to 100%.

[0127] Thereafter, the pointing device drive unit 4 deter-
mines whether the input operation with respect to the pointing
sites has ended (step S15), and in the case of a determination
that the input operation has not ended, processing returns to
step S13. On the other hand, upon determining that the input
operation has ended, the pointing device drive unit 4 stops the
detection operations.

[0128] As described above, in the present embodiment, the
gradation change instruction unit (brightness increase
instruction unit) 44 increases the transmissivity of the liquid
crystal layer 14 of the liquid crystal panel, 11, thereby
improving the intensity of the reflected light L.2. Accordingly,
similarly to Embodiment 1, the present embodiment enables
reliably preventing a reduction in the detection accuracy of
the photosensors 17 and a reduction in functionality arising
therefrom.

[0129] Also, in the present embodiment, the gradation
change instruction unit 44 can increase the brightness of the
light in accordance with the operation input screen, thereby
enabling reliably preventing a reduction in the detection accu-
racy of the photosensors 17 due to the brightness of the
operation input screen.

[0130] Also, in the present embodiment, as shown in FIGS.
12 and 13, the gradation change instruction unit 44 increases
the brightness of the light for only the pixel Px corresponding
to the pointing sites gl and g2, thereby enabling more appro-
priately causing the liquid crystal display device 1 to increase
the brightness of the light, without instructing unnecessary
increases in brightness.

[0131] Note that the embodiments described above are all
exemplary and not limiting. The technical scope of the
present invention is defined by the claims, and the technical
scope of the present invention also encompasses all changes
that fall in a range equivalent to the configurations described
in the claims.

[0132] For example, although the case of applying the
present invention to the transmissive liquid crystal display
device is described above, the present invention is not limited
to this, and it is possible to apply the present invention to a
semi-transmissive liquid crystal display device, various types
of non-light-emitting display devices such as a projection
display device, an example of which is a rear projection
display using the liquid crystal panel as alight bulb, or various
types of light-emitting display devices such as a CRT (Cath-
odeRay Tube), a plasma display, or an organic EL (Electronic
Luminescence) display.

[0133] Specifically, in a non-light-emitting display device
equipped with a light source (a backlight device), the light
quantity change instruction unit of Embodiment 1, the gra-
dation change instruction unit of Embodiment 2, or a combi-
nation of these can be used as the brightness increase instruc-
tion unit that instructs the display device to increase the
brightness of the light irradiated from the display unit toward
the outside. The case of using a combination of the light
quantity change instruction unit and the gradation change

Jan. 6, 2011

instruction unit is preferable in that brightness adjustment
(brightness increasing) can be easily performed for each
pixel, and furthermore the range of brightness adjustment can
be easily increased.

[0134] On the other hand, with a light-emitting display
device that does not include a light source, it is possible to use
the gradation change instruction unit as the brightness
increase instruction unit. Specifically, by increasing the emis-
sion intensity of the luminescent material in the organic EL
display, or increasing the emission intensity of a discharge
cellin the plasma display, it is possible to increase the bright-
ness of the light that is irradiated from the corresponding
display unit toward the outside.

[0135] Also, although a configuration in which photosen-
sors are provided integrally on the active matrix substrate and
the photosensors are incorporated inside the liquid crystal
panel as the display unit is described above, the photosensors
of the present invention are not limited in any way as long as
they are provided for each pixel on the display unit side of the
display device. Specifically, in the case of applying the
present invention to a display device such as the CRT in which
photosensors cannot be easily incorporated in the display
unit, a configuration is also possible in which a photosensor is
provided for each pixel on a transparent substrate, and the
transparent subject can be attached to and removed from the
display unit of the display device, thus enabling disposing the
transparent substrate on the display unit as necessary.
[0136] Note that the case of integrally providing the pho-
tosensors on the active matrix substrate and incorporating the
photosensors in the liquid crystal panel as described above is
preferable in that a small size and thinness can be achieved,
and furthermore it is possible to construct a display device
that has a small number of parts and incorporates a pointing
device that is inexpensive and has high performance.

INDUSTRIAL APPLICABILITY

[0137] The present invention can prevent a reduction in the
detection accuracy of a photosensor and can prevent a reduc-
tion in functionality, and therefore is useful to a pointing
device that has high performance, is inexpensive, and can
detect an instruction or the like from a user with high accu-
racy, and a display device using the same.
1. A pointing device used in a display device that includes
a display unit equipped with a plurality of pixels and that is
configured such that an operation input screen can be dis-
played on the display unit, the pointing device comprising:
a photosensor provided for each pixel; and
a brightness increase instruction unit that instructs the dis-
play device to increase the brightness of light irradiated
from the display unit toward the outside.
2. The pointing device according to claim 1,
wherein the brightness increase instruction unit instructs
the display device to, at a predetermined cycle, increase
the brightness of the light irradiated from the display
unit toward the outside.
3. The pointing device according to claim 1,
wherein a light quantity change instruction unit that
changes the quantity of irradiated light from a backlight
device provided on the display device side is used in the
brightness increase instruction unit.
4. The pointing device according to claim 1,
wherein a gradation change instruction unit that changes a
display gradation on the display unit is used in the
brightness increase instruction unit.
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5. The pointing device according to claim 1,

wherein the pointing device comprises an illuminance sen-
sor that is provided in the proximity of the display unit
and detects a surrounding illuminance of the display
unit, and

the brightness increase instruction unit instructs the display
device to increase the brightness of the light irradiated
from the display unit toward the outside, with use of a
determination result of the illuminance sensor.

6. The pointing device according to claim 1,

wherein the brightness increase instruction unit instructs
the display device to increase the brightness of the light
irradiated from the display unit toward the outside, in
accordance with an operation input screen displayed on
the display unit.

7. The pointing device according to claim 1,

wherein the brightness increase instruction unit instructs
the display device to, for each pixel, increase the bright-
ness of the light irradiated from the display unit toward
the outside.
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8. The pointing device according to claim 1,

wherein the pointing device comprises a position informa-
tion acquisition unit that, with use of adetection result of
each photosensor, acquires position information with
respect to the operation input screen displayed on the
display unit.

9. The pointing device according to claim 1,

wherein the pointing device comprises a scanner unit that
reads image information with use of the detection result
of each photosensor.

10. A display device that uses the pointing device accord-

ing to claim 1.

11. The display device according to claim 10,

wherein a liquid crystal panel is used in the display unit,
and

each photosensor is provided integrally with an active
matrix substrate of the liquid crystal panel.
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