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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, and specifically to a liquid crystal display device
including a plurality of light sources located a rear surface of
a liquid crystal display section. The present invention claims
the benefit of priority based on the legislation of a member
country of the Paris Convention or in a country into which the
PCT International Application enters the national phase
based upon Japanese Patent Application No. 2009-121255
filed on May 19, 2009. The contents of this patent application
is incorporated herein by reference.

BACKGROUND ART

[0002] One type of liquid crystal display (LCD) device
includes a backlight device located on the side of a rear
surface of a liquid crystal display section including a liquid
crystal layer. The liquid crystal display section has a structure
in which the liquid crystal layer is held between two sub-
strates. Through a manipulation of a voltage applied between
the two substrates, the liquid crystal layer is put into a form of
shielding light or a form of transmitting light. The backlight
device directs light toward the rear surface of the liquid crys-
tal display section. The liquid crystal display section includes
a plurality of pixels. When the liquid crystal layer is manipu-
lated while the light which has passed the liquid crystal layer
is allowed to pass a color filter, light of a desired color is
displayed by each of the pixels.

[0003] Regarding such a liquid crystal display device, for
example, Japanese Patent Laid-Open Publication No. 2005-
121997 (Patent Document 1) discloses a method for adjusting
the brightness of the backlight device. According to the dis-
closure of this publication, a plurality of light sensors are
attached at different positions on a peripheral portion on the
side of a front surface (on the side of a display plane) of a
liquid crystal display device. Illuminance data of external
light is captured at every unit time and subjected to a com-
parative computation. When a numerical value representing
the result of the comparative computation exceeds a pre-
scribed value, the illuminance of the peripheral portion of the
liquid crystal panel is regarded as being partially changed and
therefore the brightness of the backlight device is not
adjusted. When the numerical value representing the result of
the comparative computation is the prescribed value or less,
the illuminance data of the external light is processed by a
predetermined operation procedure to calculate the optimum
value for controlling the brightness of the backlight device,
and thus the brightness of the backlight device is automati-
cally adjusted. According to this method for adjusting the
brightness, even when the illuminance of the peripheral por-
tion of the liquid crystal panel is partially changed, the lumi-
nance of the backlight device is not changed, and only when
the illuminance of the environment in which the liquid crystal
panel is installed is uniformly changed, the brightness of the
backlight device is automatically adjusted in accordance with
the illuminance of the environment.

[0004] Japanese Patent Laid-Open Publication No. 2008-
209508 (Patent Document 2) describes a device using a light
emitting diode as a light source of a backlight device. Accord-
ing to the description of this publication, the backlight device
includes a plurality of partial lighting sections which can be
controlled independently from each other. The light emission
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amount of each partial lighting section is controlled in accor-
dance with the amount of environmental light around the
device and the luminance distribution of the displayed video
included in the video signal. Specifically, when the amount of
the environmental light is smaller than a prescribed threshold
value, the light emission amount of each partial lighting sec-
tion, which emits light with a prescribed luminance or higher,
is controlled to be decreased. When the amount of the envi-
ronmental light is larger than the prescribed threshold value,
the light emission amount of each partial lighting section,
which emits light with the prescribed luminance or higher, is
controlled to be increased. It is disclosed that in the case
where a plurality of light receiving elements (external light
sensors) for sensing the environmental light are provided at,
for example, different positions with respect to a light source
section from each other, a backlight driving section is con-
trolled by finding an average value of light receiving data
from the plurality of light receiving elements.

CITATION LIST
Patent Document

[0005] Patent Document 1: Japanese Patent Laid-Open
Publication No. 2005-121997

[0006] Patent Document 2: Japanese Patent Laid-Open
Publication No. 2008-209508

SUMMARY OF THE INVENTION
Technical Problem

[0007] A large liquid crystal display device having a side
longer than 1 meter used for an application of TVs or the like
has a large screen. Therefore, a part of the screen is likely to
be illuminated differently from other parts thereof. For
example, even when the liquid crystal display device is
located indoors, the screen is illuminated by external light
(e.g., by illumination in the room or light coming through the
window) and as a result, a part of the screen may become
brighter than the other parts. More specifically, there may be
cases where a top part of the screen is brighter than a bottom
part thereof due to the influence of the illumination in the
room, or a part on one side of the screen is brighter than a part
on the other side due to the influence of light coming through
a window which is located to the one side of the liquid crystal
display device. In such cases, a part of the screen of the liquid
crystal display device may become difficult to view.

Solution to the Problem

[0008] Inoneembodiment of the present invention, a liquid
crystal display device includes a liquid crystal display section
including a plurality of pixels; and a backlight device for
directing light from a plurality of light sources toward a rear
surface of the liquid crystal display section. Along an edge
portion of a front surface of the liquid crystal display section,
light receiving sensors are located at a plurality of sites. The
liquid crystal display device also includes a control section
for dividing the liquid crystal display section into a plurality
of areas, and controlling the liquid crystal display section
and/or the backlight device based on light receiving informa-
tion obtained from the light receiving sensors to perform
control of adjusting a contrast of each of the areas indepen-
dently.

[0009] According to this liquid crystal display device, for
example, the contrast of each of the areas can be appropriately
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adjusted independently in consideration of the influence of
external light. Owing to this, a screen of the liquid crystal
display section can be prevented from becoming partially
difficult to view by being illuminated by the external light,
and the liquid crystal display device can be made easier to
view as a whole.

[0010] In this case, the plurality of areas into which the
liquid crystal display section is divided may be preset by the
control section in accordance with the plurality of sites at
which the light receiving sensors are located. The contrast of
borders between the areas may be controlled such that the
contrast is gradually changed between the areas.

[0011] In the case where the liquid crystal display section
includes a generally rectangular screen, the light receiving
sensors may be respectively located on four sides surrounding
the generally rectangular screen. The present invention is not
limited to this, and in the case where the liquid crystal display
section includes the generally rectangular screen, the light
receiving sensors may be respectively located at four corners
ofa peripheral edge portion of the screen. The control section
may include a switching section for switching between a
mode of performing control of adjusting the contrast of each
of the areas independently and a mode of not performing the
control of adjusting the contrast. The control section may
perform control of adjusting the contrast of each of the areas
independently in the case where certain light receiving infor-
mation is obtained from the light receiving sensors for a
predefined time duration. A structure may be adopted in
which the rear surface of the liquid crystal display section is
divided into areas, different light guide plates are respectively
located for the areas, and the light sources direct light toward
the rear surface of the liquid crystal display section via the
light guide plates. The control section may adjust the contrast
of each of the plurality of areas of the screen of the liquid
crystal display section independently based on the light
receiving information obtained from the light receiving sen-
sors. The control section may adjust the contrast of each of the
plurality of areas independently based on a video signal and
the light receiving information obtained from the light receiv-
ing sensors. The light sources may be light emitting diodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a cross-sectional view of a liquid crystal
display device according to one embodiment of the present
invention.

[0013] FIG. 2 is a block diagram schematically showing a
structure of the liquid crystal display device according to the
embodiment of the present invention.

[0014] FIG. 3 is a cross-sectional view showing a structure
of a liquid crystal panel of the liquid crystal display device
according to the embodiment of the present invention.
[0015] FIG. 4A is a partially enlarged plan view showing
locations of light emitting diodes of the liquid crystal display
device according to the embodiment of the present invention.
[0016] FIG. 4B is a view showing the locations of the light
emitting diodes of the liquid crystal display device according
to the embodiment of the present invention.

[0017] FIG. 5 is a schematic view of the liquid crystal
display device according to the embodiment of the present
invention.

[0018] FIG. 6 is a view showing a circuit configuration of
each of pixels of the liquid crystal display device according to
the embodiment of the present invention.
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[0019] FIG. 7 is a block diagram schematically showing a
backlight driving circuit of the liquid crystal display device
according to the embodiment of the present invention.
[0020] FIG. 8 is a block diagram schematically showing a
structure of a liquid crystal display device according to
another embodiment of the present invention.

[0021] FIG. 9 is a control flowchart of a liquid crystal
display device according to one embodiment of the present
invention.

[0022] FIG. 10 is a control flowchart of a liquid crystal
display device according to another embodiment of the
present invention.

[0023] FIG. 11 is a block diagram showing control per-
formed on a liquid crystal display device according to still
another embodiment of the present invention.

[0024] FIG. 12 is a view conceptually showing contrast
adjustment control.

DESCRIPTION OF EMBODIMENTS

[0025] Hereinafter, a liquid crystal display device accord-
ing to one embodiment of the present invention will be
described with reference to the drawings. The figures are
provided for easier understanding of the present invention
and embodiments thereof. Therefore, the sizes in the figures
do not reflect the sizes of actual products embodying the
present invention. The figures, even illustrating the same
embodiment, do not necessarily match each other. Elements
having the same functions bear the same reference characters
for the sake of convenience of explanation.

[0026] FIG. 1 is a vertical cross-sectional view of a liquid
crystal display device 100 according to one embodiment of
the present invention. FIG. 2 is a view schematically showing
a structure of the liquid crystal display device 100. As shown
in FIG. 1, the liquid crystal display device 100 includes a
backlight device 20 located on a rear surface of a liquid crystal
display section 10. In FIG. 2, the liquid crystal display section
10 and the backlight device 20 are shown separately for the
sake of convenience of explanation.

[0027] AsshowninFIG.1, the liquid crystal display device
100 includes a liquid crystal panel 10 as the liquid crystal
display section and the backlight device 20. The backlight
device 20 directs light from a plurality of light sources 22
toward the rear surface of the liquid crystal panel 10. In this
embodiment, light emitting diodes 22 (LEDs) are adopted as
the light sources 22. The liquid crystal display device 100
includes light receiving sensors 122a through 1224 at a plu-
rality of sites along an edge portion of a front surface of the
liquid crystal panel 10. As shown in FIG. 8 and FIG. 9, a
control section 200 obtains light receiving informational
through d1 from the light receiving sensors 122a through
1224 (S1). Next, based on the obtained light receiving infor-
mational al through d1 and a video signal, the control section
200 creates control signals for the plurality of light sources
(S2). Then, based on the created control signals, the control
section 200 adjusts the brightness of the backlight device 20
(S3). At this point, a screen 10a of the liquid crystal panel 10
is divided into a plurality of areas A1 through D1 (see FIG. 2),
and the contrast of each of the areas A1 through D1 is adjusted
independently based on the light receiving informational al
through d1 obtained from the light receiving sensors 122a
through 122d.

[0028] Inthe liquid crystal display device 100, even in the
case where, for example, a part of the screen 104 is difficult to
view by being illuminated by external light, the contrast of
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each of the areas Al through D1 is appropriately adjusted
independently in consideration of the influence of the exter-
nal light. Therefore, the screen 10a of the liquid crystal dis-
play device 100 can be made easier to view as a whole.
Hereinafter, the structure of the liquid crystal display device
100 according to this embodiment will be described in the
order of the liquid crystal panel 10 and the backlight device
20. Then, control on the liquid crystal display device 100 will
be described.

[0029] <Liquid Crystal Panel 10>

[0030] Inthisembodiment, theliquid crystal panel 10 of the
liquid crystal display device 100 has a generally rectangular
overall shape, and includes a pair of light-transmissive sub-
strates 11 and 12 (in this example, glass substrates) holding a
liquid crystal layer 13 therebetween. In this embodiment,
among the substrates 11 and 12, the substrate on the rear side
(on the side of a rear surface; the backlight device side) is the
array substrate 11 (TFT substrate), and the substrate on the
front side (on the side of a front surface; the display side) is the
color filter substrate 12 (CF substrate).

[0031] In this embodiment, as shown in FIG. 1, the array
substrate 11 and the color filter substrate 12 are located to face
each other. The array substrate 11 and the color filter substrate
12 include a pixel area (area in which pixels are formed)
which forms the screen 10a of the liquid crystal display
device 100. Between the array substrate 11 and the color filter
substrate 12, a seal 15 is provided so as to enclose a peripheral
portion of the pixel area (external peripheral edge portion) in
a circumferential direction. In a space enclosed by the array
substrate 11, the color filter substrate 12 and the seal 15, the
liquid crystal layer 13 is formed. In the liquid crystal layer 13,
aliquid crystal material containing liquid crystal molecules is
enclosed. In such a liquid crystal material (liquid crystal
molecules), the alignment direction of the liquid crystal mol-
ecules is manipulated by an electric field generated between
the array substrate 11 and the color filter substrate 12. Thus,
optical characteristics of the liquid crystal layer 13 are
changed.

[0032] FIG. 3 isacross-sectional view showing, in enlarge-
ment, a part of the liquid crystal panel 10, the part including
the pixels formed therein. As shown in FIG. 3, spacers 16 are
provided between the array substrate 11 and the color filter
substrate 12. The array substrate 11 and the color filter sub-
strate 12 are kept distanced from each other by a prescribed
gap by means of the spacers 16. Now, a structure of the array
substrate 11 and a structure of the color filter substrate 12 will
be described sequentially.

[0033] As shown in FIG. 3, the array substrate 11 includes
pixel electrodes 42, bus lines 43, a flattening layer 44, and an
alignment film 46, and thin film transistors 47 (TFTs; see FIG.
5 and FIG. 6), which are formed on the side of a front surface
ofa glass substrate 41 (on the liquid crystal layer 13 side). The
pixel electrodes 42 are formed of ITO (indium tin oxide),
which is a transparent conductive material. These pixel elec-
trodes 42 are each supplied with a voltage in accordance with
an image via corresponding bus lines 43 and a corresponding
thin film transistor 47 at a prescribed timing. The flattening
layer 44 is formed of an insulating material and covers the
pixel electrodes 42 and the bus lines 43. On the flattening
layer 44, the alignment film 46 formed of polyimide or the
like is formed. In FIG. 3, the bus lines 43 are data signal lines.
As shown in FIG. 5 and FIG. 6, the array substrate 11 includes
the data signal lines 43 and also various other signal lines. The

Feb. 23,2012

wiring structure of the signal lines and control thereon in the
array substrate 11 and the liquid crystal panel 10 will be
described later.

[0034] The color filter substrate 12 includes a black matrix
52, color filters 53, a flattening layer 54, a counter electrode
55, and an alignment film 56 (horizontal alignment film),
which are formed on the side of a rear surface of a glass
substrate 51 (on the liquid crystal layer 13 side). The black
matrix 52 is formed of a non-light-transmissive material (e.g.,
metal such as Cr (chromium) or the like), and is provided
between the pixels so as to demarcate the pixels. The color
filters 53 are filters for adjusting the color of the light. In this
embodiment, the color filters 53 are available in three colors
of red (R), green (G) and blue (B). As shown in FIG. 3, one
pixel electrode 42 of the array substrate 11 faces the color
filter 53 of either one of the colors of R, G and B of the color
filter substrate 12.

[0035] As shown in FIG. 3, the flattening layer 54 of the
color filter substrate 12 is formed so as to cover the black
matrix 52 and the color filters 53. The counter electrode 55 is
formed so as to cover the flattening layer 54. The counter
electrode 55 is formed of ITO (indium tin oxide). The align-
ment film 56 is formed so as to cover the counter electrode 55.
The alignment film 56 faces the alignment film 46 of the array
substrate 11. A front surface of the alignment film 56 of the
color filter substrate 12 has a structure of aligning the liquid
crystal molecules. The alignment film 46 of the array sub-
strate 11 and the alignment film 56 of the color filter substrate
12 are formed in order to determine the alignment direction of
the liquid crystal molecules in the state where no voltage is
applied. The alignment direction provided by the alignment
film 56 of the color filter substrate 12 and the alignment
direction provided by the alignment film 46 of the array
substrate 11 are different by 90° from each other.

[0036] As shown in FIG. 1 and FIG. 3, the liquid crystal
panel 10 includes polarizing plates 17 and 18 respectively
bonded on the side of a front surface of the color filter sub-
strate 12 (glass substrate 51) and on the side of a rear surface
of the array substrate 11 (glass substrate 41). In a so-called
normally white type liquid crystal display device, the two
polarizing plate 17 and 18 are located such that polarization
axes thereof are perpendicular to each other. In a so-called
normally black type liquid crystal display device, the two
polarizing plate 17 and 18 are located such that polarization
axes thereof are parallel to each other. In this embodiment, the
liquid crystal panel 10 is controlled by the control section
200. The control on the liquid crystal panel 10 will be
described later.

[0037] As shown in FIG. 1, the liquid crystal panel 10 is
supported while being held between a bezel 30 attached on
the front side (on the side of the front surface) of the liquid
crystal panel 10 and a frame 32 attached on the rear side (on
the side of the rear surface) thereof. As shown in FIG. 2, the
bezel 30 has an opening at a position corresponding to the
screen 10a (pixel area) of the liquid crystal panel 10, and
forms an edge portion of the front surface of the liquid crystal
panel 10 while being attached to the liquid crystal panel 10.
The frame 32 has an opening at a position corresponding to
the screen 10a (pixel area) of the liquid crystal panel 10. On
the rear side of the liquid crystal panel 10, the backlight
device 20 supported by a backlight chassis 24 is attached.
[0038] The backlight chassis 24 has a shape of box opened
toward the front side (toward the liquid crystal panel 10 side).
In the opening of the backlight chassis 24, a plurality of
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optical sheets 26 are located while being stacked. The back-
light chassis 24 is attached on the rear side of the frame 32 for
supporting the liquid crystal panel 10 in the state where the
light emitting diodes 22 are directed toward the liquid crystal
panel 10 mentioned above. The optical sheets 26 are held
between a rear surface of the frame 32 and a front surface of
the backlight chassis 24. The optical sheets 26 include a
plurality of sheets each having a required function (e.g., a
diffuser, a diffusion sheet, a lens sheet and a luminance
increasing sheet). Light from the backlight device 20 is
directed toward the rear surface of the liquid crystal panel 10
via the optical sheets 26.

[0039] <Backlight Device 20>

[0040] As shown in FIG. 1, the backlight device 20 directs
the light from the light sources 22 toward the rear surface of
the liquid crystal panel 10. In this embodiment, the backlight
device 20 is located on the rear side of the liquid crystal panel
10 (right side in FIG. 1) and illuminates the rear surface of the
liquid crystal panel 10. As the light sources of the backlight
device 20, a plurality of light emitting diodes 22 (LEDs) are
used. On the inner side of the backlight chassis 24, a reflector
plate 25 is attached so as to face the rear surface of the liquid
crystal panel 10. The light emitting diodes 22 as the light
sources are attached to the reflector plate 25 in the state where
light emitting sections thereof are directed toward the rear
surface of the liquid crystal panel 10. The reflector plate 25
has a minor surface for reflecting light on a surface 25a
(reflecting surface) facing the liquid crystal panel 10. The
light from the light emitting diodes 22 leaking toward the
reflector plate 25 is reflected by the surface 25a toward the
rear surface of the liquid crystal panel 10.

[0041] FIGS. 4(a) and 4(b) are each a plan view schemati-
cally showing the surface 25a of the reflector plate 25 facing
the liquid crystal panel 10. FIG. 4(a) is a plan view showing,
in enlargement, a portion represented by arrow Sa in FIG.
4(b). In this embodiment, as shown in FIG. 1 and FIGS. 4(a)
and 4(b), the light emitting diodes 22 are located on the
surface 25a facing the liquid crystal panel 10 in a generally
dispersed state. In this embodiment, as shown in FIGS. 4(a)
and 4(b), the light emitting diodes 22 are located as being
arranged in a lattice. The light emitting diodes 22 are not
limited to being arranged in a lattice as shown in FIGS. 4(a)
and 4(b), and may be arranged such that, for example, the
light emitting diodes 22 of every other column are position-
ally shifted (houndstooth check or zigzag arrangement).
[0042] As the light from the backlight device 20 of the
liquid crystal display device 100, white light may be desir-
able. In this case, the backlight device 20 in which the light
emitting diodes 22 (LEDs) are used may have a structure in
which white LEDs for emitting white light are arranged to
emit white illumination light or a structure in which a plural-
ity of LEDs of R (red), G (green), blue (B) and the like are
arranged and light of these LEDs are mixed to emit white
light. The white LEDs may be of a system of obtaining white
color by combining a short-wavelength LED chip with RGB
fluorescent substances, a system of obtaining white color by
combining a blue LED chip with a yellow fluorescent sub-
stance, a system of obtaining white color as a mixture of light
of LED chips of RGB three colors, a system of obtaining
white color as a mixture of light of LED chips of two comple-
mentary colors, or the like.

[0043] By adjusting the power put to each light emitting
diode 22, the brightness is changed. In this case, for example,
when the power put to each light emitting diode 22 is
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increased, the backlight device 20 is made brighter (the lumi-
nance is increased); whereas when the power put to each light
emitting diode 22 is decreased, the backlight device 20 is
made darker (the luminance is decreased). The brightness of
the backlight device 20 may be adjusted using, for example, a
pulse width modulation method or a PWM (pulse width
modulation) system, by controlling the power put to each
light emitting diode 22. The backlight device 20 is controlled
by the control section 200.

[0044] <Control Section 200>

[0045] The liquid crystal display device 100 includes the
control section 200. The control section 200 is an electronic
processing device, and includes computation means includ-
ing an MPU, a CPU or the like and having a computation
function and storage means including a nonvolatile memory
or the like. The control section 200 controls the liquid crystal
display device 100 by use of a pre-stored program or a
mounted electric or electronic circuit, such that the liquid
crystal display device 100 exhibits required functions. (Here-
inafter, regarding the control section 200, the pre-stored pro-
gram or the mounted electric or electronic circuit will be
referred to as the “program, etc.” when appropriate.) The
control on the liquid crystal display device 100 by means of
the control section 200 is appropriately set and modified by
the above-mentioned program, etc.

[0046] Specifically, in the liquid crystal display device 100,
arequired control signal is sent to the backlight device 20 and
the liquid crystal panel 10 in accordance with a video signal
by the action of the control section 200. In the liquid crystal
panel 10, a controlled voltage is applied to the color filter
substrate 12 and the array substrate 11 to manipulate the
liquid crystal molecules in the liquid crystal layer 13. The
liquid crystal molecules in the liquid crystal layer 13 are
manipulated for each pixel independently (in more detail, for
each of sub pixels defined by RGB independently), and thus
the light from the backlight device 20 is shielded or passed
and also the light transmittance is changed. Owing to this, the
screen 10a can display, as a whole, a desired image in accor-
dance with the video signal.

[0047] Here, the control on the liquid crystal panel 10 will
be described first. FIG. 5 schematically shows a structure of
the liquid crystal panel 10 of an active matrix type. FIG. 6
shows a circuit configuration provided for each of pixels 40 of
the liquid crystal panel 10.

[0048] The liquid crystal panel 10 has a structure in which
the liquid crystal layer 13 is held between the pair of sub-
strates (the array substrate 11 and the color filter substrate 12)
facing each other as described above. In the liquid crystal
panel 10, the pixels 40 are arranged in a lattice. Each pixel 40
includes the thin film transistor 47 as a switching device. The
thin film transistor 47 is provided in the array substrate 11 as
an active matrix substrate. The array substrate 11 includes
signal lines provided in a lattice (in a matrix).

[0049] In this embodiment, as shown in FIG. 5, a plurality
of scanning signal lines 48(1) through (m) and a plurality of
data signal lines 43(1) through (n) are provided. The numeri-
cal figure in each () is provided in order to distinguish each
scanning signal line 48 and each data signal line 43. The
scanning signal lines 48 and the data signal lines 43 will be
described with the numerical figures in ( ) when necessary.
The scanning signal lines 48(/) through (m) are each con-
nected to the thin film transistor 47 of a corresponding pixel
40, and the plurality of data signal lines 43(/) through (») are
each connected to the thin film transistor 47 of a correspond-
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ing pixel 40. The numerical figures in ( ) have the same
meaning for storage capacitance lines 62 described later. As
shown in FIG. 6, the scanning signal lines 48 are each con-
nected to a gate electrode 47a of the corresponding thin film
transistor 47. The data signal lines 43 are each connected to a
source electrode 475 of the corresponding thin film transistor
47. A drain electrode 47¢ of the thin film transistor 47 is
connected to one of the electrodes which form a storage
capacitance Ccs described later, i.e., an electrode 424, and is
further connected to the pixel electrode 42 via the electrode
42a.

[0050] As shown in FIG. 6, in each pixel 40, the pixel
electrode 42 of the array substrate 11 and the counter elec-
trode 55 of the color filter substrate 12 face each other with the
liquid crystal layer 13 being held therebetween. The pixel
electrode 42 and the counter electrode 55 form a capacitor Clc
for manipulating the liquid crystal layer 13.

[0051] The above-mentioned storage capacitance Ccs is
formed of one of a pair of electrodes 42a and 61 facing each
other with the insulating layer held therebetween. One of the
pair of electrodes forming the storage capacitance Ccs, i.e.,
the electrode 42a is connected to the drain electrode 47¢ as
described above. By contrast, the other electrode 61 forming
the storage capacitance Ccs is provided in a corresponding
storage capacitance line 62. The storage capacitance Ccs
exhibits a function of keeping the voltage applied to the pixel
40 (capacitance Clc for manipulating the liquid crystal layer
13) upon receiving a control signal from the storage capaci-
tance line 62.

[0052] As shown in FIG. 5, the scanning signal lines 48(/)
through (m) are connected to a gate driver 81. The data signal
lines 43(/) through () are connected to a source driver 82. The
gate driver 81 and the source driver 82 are each connected to
the control section 200. The control section 200 is formed by
acombination of an IC, an LSI, a CPU, a nonvolatile memory
and the like. The control section 200 performs various types
of electronic processing in accordance with a preset program
and thus exhibits required functions. The driving of the liquid
crystal panel 10 is controlled by the control section 200. The
control section 200 includes a signal input section 201, a
timing controller 202, and a power source 203.

[0053] To thesignal input section 201, a control signal 300a
is input from an external system 300. The control signal 300a
includes a signal regarding video to be displayed on the liquid
crystal panel 10. In this embodiment, based on the control
signal 3004, control signals 81a and 82a are sent from the
signal input section 201 to the gate driver 81 and the source
driver 82 respectively, via the timing controller 202. The
timing controller 202 is a control section for performing
control of adjusting the timing of a control signal. In this
example, the timing controller 202 adjusts the timing of a
control signal for driving the gate driver 81 and the source
driver 82 based on the control signal 300a input from the
external system 300. The power source 203 supplies an oper-
ating power source to each element of the liquid crystal dis-
play device 100, and also generates a common electrode
voltage (Vcom) for the liquid crystal panel 10 and supplies
the common electrode voltage to the counter electrode 55 (see
FIG. 5).

[0054] Inthe liquid crystal display device 100, as shown in
FIG. 5, the scanning signal lines 48(/) through (m) are located
parallel to each other at a prescribed interval. Namely, the
scanning signal lines 48(/) through (m) are located in one
direction of the lattice. In addition, the scanning signal lines
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48(/) through (m) are located parallel to each other in the other
direction of the lattice at a prescribed interval so that the
scanning signal lines 48 are connected to the corresponding
pixels 40 provided in the liquid crystal panel 10 in a lattice. As
shown in FIG. 5, the storage capacitance lines 62(/) through
(m) are also provided in one direction of the lattice. In addi-
tion, the storage capacitance lines 62(/) through (m) are
located parallel to each other in the other direction of the
lattice at a prescribed interval so that the electrodes 61 of the
storage capacitances Ccs of the pixels 40 provided in the
liquid crystal panel 10 in the lattice are connected to the
corresponding storage capacitance lines 62.

[0055] Inthe liquid crystal display device 100, as shown in
FIG. § and FIG. 6, scanning signals are sequentially sent to
the scanning signal lines 48(/) through (m). In accordance
with the scanning signal input to each scanning signal line 48,
the thin film transistors 47 of the pixels 40 connected to this
scanning signal line 48 are turned ON. Namely, in the liquid
crystal panel 10, the thin film transistors 47 of the pixels 40
arranged in each line in one direction of the lattice are turned
ON at a time. At the timing at which the thin film transistors
47 are turned ON, data signals (video signals) input to these
pixels 40 are sent to the data signal lines 43(/) through (»).
Thus, the video signals are written in the pixels 40 arranged in
each line in one direction of the lattice are turned ON ata time.
At the same timing, control signals are sent to the storage
capacitance lines 62. Thus, the voltage applied to the pixels 40
by the action of the storage capacitances Ccs are kept even
after the thin film transistors 47 are turned OFF.

[0056] Now, control on the backlight device 20 will be
described.
[0057] Inthis embodiment, the brightness of the backlight

device 20 is also controlled by the control section 200. As
shown in FIG. 1 and FIG. 2, in the backlight device 20, the
light emitting diodes 22 are each located so as to direct light
toward a prescribed area of the rear surface of the liquid
crystal panel 10. Therefore, the control section 200 can divide
the liquid crystal panel 10 into areas and adjust the brightness
of'the backlight device 20 for each of the areas independently
by controlling each of the light emitting diodes 22. The
brightness of the backlight device 20 can be adjusted by
controlling the power which is put to each light emitting diode
22. As shown in FIG. 5, the control section 200 includes a
backlight driving circuit 204 for controlling the driving of the
backlight device 20. The backlight driving circuit 204 sends a
control signal to each light emitting diode 22 via the timing
controller 202 in accordance with the video signal input to the
signal input section 201. In this embodiment, each light emit-
ting diode 22 is controlled along with the control on the liquid
crystal panel 10. Owing to this, the brightness of the backlight
device 20 can be adjusted in accordance with the video signal.
At this point, the control section 200 can divide the liquid
crystal panel 10 into areas and adjust the brightness of the
backlight device 20 for each of the areas independently. The
control on each light emitting diode 22 may be, for example,
control on the power put to each light emitting diode 22
performed by a pulse width modulation method or a PWM
method.

[0058] <Light Receiving Sensors 122a Through 1224>
[0059] In this embodiment, as shown in FIG. 2, the light
receiving sensors 122a through 1224 are located at a plurality
of'sites along the edge portion of the front surface of the liquid
crystal panel 10. As shown in FIG. 2 and FIG. 5, the control
section 200 can divide the liquid crystal panel 10 into a
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plurality of areas Al through D1 and control the plurality of
light emitting diodes 22 based on the light receiving informa-
tional al through d1 obtained from the light receiving sensors
122a through 1224d. In this embodiment, the liquid crystal
panel 10 is divided into the plurality of areas A1 through D1
based on the locations of the light receiving sensors 122a
through 122d. Based on the light receiving informational al
through d1 obtained from the light receiving sensors 122a
through 1224, the contrast of each of the areas A1 through D1
is adjusted independently.

[0060] Specifically, in this embodiment, as shown in FIG. 1
and FIG. 2, the light receiving sensors 122a through 1224 are
attached to a front surface of the bezel 30 forming the edge
portion of the liquid crystal panel 10. As shown in FIG. 2, the
liquid crystal panel 10 includes the generally rectangular
screen 10a. The light receiving sensors 122a through 1224 are
respectively located on four sides surrounding the generally
rectangular screen 10a of the liquid crystal panel 10. In more
detail, in the embodiment shown in FIG. 2, the light receiving
sensors 1224 through 1224 are respectively attached to a
central part of the four sides of the bezel 30 surrounding the
generally rectangular screen 10a of the liquid crystal panel
10. By locating the light receiving sensors 122a through 1224
along the edge portion of the front surface of the liquid crystal
panel 10 (for example, as shown in FIG. 2, on the front surface
of the bezel 30), the external light illuminating the front
surface of the liquid crystal panel 10 can be received appro-
priately. By locating the light receiving sensors 122a through
1224 along the edge portion of the front surface of the liquid
crystal panel 10, the screen 10a of the liquid crystal panel 10
can be prevented from being narrowed and the light of the
pixels forming the screen 10a can be prevented from being
shielded.

[0061] Asshown in FIG. 2, the light receiving sensors 122a
through 1224 are connected to the control section 200 by the
signal lines. The light receiving sensors 122a through 1224
each receive light (mainly, external light other than the light
generated from the liquid crystal panel 10). The light receiv-
ing informational al through d1 based on the light received by
the light receiving sensors 122a through 1224 is sent to the
control section 200 via the signal lines. As the light receiving
sensors 122a through 122d, any of various types of light
sensors can be used. As the light receiving sensors 122a
through 1224, for example, photodiodes, phototransistors,
photoresistors, the electric resistance of which is changed in
accordance with the intensity of the light incident thereon, or
the like may be used. Herein, the “light receiving informa-
tion” is information sent from each light receiving sensor to
the control section 200 based on the received light. Specifi-
cally what type of information is the “light receiving infor-
mation” is varied in accordance with the type of sensor,
circuit configuration or the like. Each of the light receiving
sensors 122a through 122d sends information in accordance
with the intensity of the light, for example, information on the
brightness or luminance of'the light, to the control section 200
as the light receiving information. Although not shown, the
light receiving informational through d1 may be obtained by
converting light receiving signals sensed by the sensors by
means of I/V (current/voltage) conversion, A/D (analog/digi-
tal) conversion or the like when necessary.

[0062] <Control on the Liquid Crystal Display Device
100>

[0063] As shown in FIG. 2, the control section 200 divides
the liquid crystal panel 10 into the plurality of areas Al
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through D1 and adjusts the contrast of each of the plurality of
areas Al through D1 independently based on the light receiv-
ing informational al through d1 obtained from the light
receiving sensors 122a through 122d. The control of adjust-
ing the contrast may be, for example, control of adjusting the
brightness of the backlight device 20. Alternatively, the con-
trol of adjusting the contrast may be control of adjusting the
brightness of the liquid crystal panel 10. The contrast may be
adjusted by controlling both of the backlight device 20 and
the liquid crystal panel 10. It is preferable that the plurality of
areas Al through D1 are preset in accordance with, for
example, the plurality of sites at which the light receiving
sensors 122a through 1224 are located as shown in FIG. 2.

[0064] In this embodiment, the control of adjusting the
contrast is control of adjusting the brightness of the backlight
device 20. The backlight device 20 includes the plurality of
light emitting diodes 22 as the light sources. For adjusting the
brightness of the backlight device 20, it is preferable that the
brightness of the light emitting diodes 22 is adjusted for each
of the areas A1 through D1 independently. The brightness of
each light emitting diode 22 can be adjusted by controlling the
power put to the light emitting diode 22. Specifically, in this
embodiment, as shown in FIGS. 4(a) and 4(b), the light emit-
ting diodes 22 are arranged in a lattice on the surface 25a
facing the liquid crystal panel 10. As shown in FIG. 2, the
control section 200 divides the liquid crystal panel 10 into the
plurality of areas Al through D1 by the setting provided by
the program, etc. The light emitting diodes 22 are controlled
based on the light receiving information obtained from the
light receiving sensors 1224 through 1224, and the brightness
of'the backlight device 20 is adjusted for each of the areas Al
through D1 independently.

[0065] The light receiving sensors 122a through 1224
receive external light illuminating the screen 10a of the liquid
crystal panel 10. In the case where the liquid crystal display
device 100 is illuminated by the external light (light other
than the light generated from the liquid crystal display device
100) and thus a part of the screen 10a is made brighter than the
other parts, the light receiving sensors 122a through 1224
sense different levels of brightness from each other. The light
emitting diodes 22 are controlled based on the light receiving
informational al through d1 obtained from the light receiving
sensors 122a through 1224, and the brightness of the back-
light device 20 is adjusted for each of the areas A1 through D1
independently. Therefore, the problem that the screen 10a is
made difficult to view when the screen 10q is illuminated by
the external light and thus a part thereof is made brighter than
the other parts can be alleviated.

[0066] In this case, it is preferable that, for example, the
control section 200 appropriately adjusts the brightness of the
backlight device 20 for each of the areas independently in
accordance with a difference in the light receiving informa-
tion sensed by the light receiving sensors 122a through 1224,
so as to prevent the liquid crystal panel 10 from becoming
partially difficult to view. It is also preferable that, for
example, as shown in FIG. 2, the liquid crystal panel 10 is
divided into a plurality of areas A1 through D1 in correspon-
dence with the sites at which the light receiving sensors 122a
through 1224 are located. It is preferable that the light emit-
ting diodes 22 for illuminating each of the areas Al through
D1 are controlled independently based on the light receiving
informational al through d1 obtained by the light receiving
sensors 122a through 122d. Such control is preferably real-
ized by the program, etc. set in the control section 200.
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[0067] FIG. 7 schematically shows the backlight driving
circuit 204. In this case, as shown in FIG. 7, the backlight
driving circuit 204 can, for example, send a control signal to
each light emitting diode 22 based on the light receiving
informational al through d1 obtained from the light receiving
sensors 122a through 1224 in addition to a control signal
202a sent from the timing controller 202. To the backlight
driving circuit 204, the control signal 202a sent from the
timing controller 202 and the light receiving informational al
through d1 obtained from the light receiving sensors 122a
through 1224 are input. The backlight driving circuit 204
creates control signals a2 through d2 for controlling the areas
Al through D1 predefined in the backlight device 20 based on
the input control signal 202a and light receiving informa-
tional al through d1. Based on the control signals a2 through
d2, the light emitting diodes 22 in the areas A1 through D1 of
the backlight device 20 are controlled.

[0068] Owing to this, in the case where, for example, the
top part of the screen 10a is brighter than the bottom part due
to the influence of the illumination in the room, it is sensed
that the top part of the liquid crystal panel 10 is brighter than
the bottom part by the light receiving sensors 122a through
1224 shown in FIG. 2. In this case, it is preferable that the
brightness of the backlight device 20 is adjusted for the top
and bottom parts set in the liquid crystal panel 10 based on the
light receiving informational al through d1 obtained from the
light receiving sensors 122a through 1224. Thus, the contrast
of each of the areas can be adjusted independently in accor-
dance with the brightness difference between the top and
bottom parts of the liquid crystal panel 10.

[0069] There may be a case where, for example, a left part
of'the liquid crystal display device 100 is brighter than a right
part thereof due to the influence of light coming through a
window (not shown) located to the left of the liquid crystal
display device 100 as seen from the observer. In this case, it is
sensed that the left part of the liquid crystal panel 10 is
brighter than the right part by the light receiving sensors 122a
through 122d shown in FIG. 2. In this case, it is preferable that
the brightness of the backlight device 20 is adjusted for the
left and right parts set in the liquid crystal panel 10 based on
the light receiving informational al through d1 obtained from
the light receiving sensors 122a through 122d. Thus, the
contrast of each of the areas can be adjusted independently in
accordance with the brightness difference between the left
and right parts of the liquid crystal panel 10.

[0070] In this case, the control section 200 may be struc-
tured to adjust the contrast of each of the areas A1 through D1
independently in accordance with the brightness of the sites at
which the light receiving sensors 122a through 122d are
located based on the light receiving informational al through
dl1 obtained from the light receiving sensors 122a through
122d. For example, it is preferable that the contrast is appro-
priately adjusted in accordance with the degree (e.g., the
degree of brightness) of the light receiving informational al
through d1 obtained from the light receiving sensors 122a
through 1224d. Regarding how the contrast is to be adjusted
based on the light receiving informational al through d1
obtained from the light receiving sensors 122a through 1224,
it is preferable that, for example, the ease of viewing the
screen 10q is evaluated by a test performed in advance. It is
preferable that based on the test results, the control on the
contrast based on the light receiving informational a1 through
d1 obtained from the light receiving sensors 122a through
122d is appropriately set by the program, etc.
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[0071] <Control of Adjusting the Contrast>

[0072] The control section 200 may be structured to be
capable of adjusting the contrast of the screen 10a of the
liquid crystal panel 10 for each of the plurality of areas Al
through D1 independently based on the video signal and the
light receiving informational a1 through d1 obtained from the
light receiving sensors 1224 through 1224. In this case, it is
preferable that the control section 200 adjusts the contrast
such that the contrast is strengthened at a bright site of the
liquid crystal panel 10 and is weakened at a dark site of the
liquid crystal panel 10 based on the light receiving informa-
tional al through d1 obtained from the light receiving sensors
1224 through 122d. In this case, it is preferable that the
brightness of the liquid crystal panel 10 is determined based
on the light receiving informational al through d1 obtained
from the light receiving sensors 122a through 1224 as a result
of a comparison with a certain threshold value provided for
the light receiving informational al through d1 obtained from
the light receiving sensors 122a through 1224.

[0073] For example, in the case where a top part of the
screen 10a is brighter than a bottom part thereof due to the
influence of the illumination in the room, it is sensed that the
top part of the liquid crystal panel 10 is brighter than the
bottom part by the light receiving sensors 122a and 122¢
shown in FIG. 2. In this case, the control may be set such that
the contrast of the backlight device 20 is adjusted in the top
and bottom areas A1 and C1 set in the liquid crystal panel 10
in accordance with the brightness difference between the top
and bottom parts of the liquid crystal panel 10. In this manner,
the contrast of each of the areas Al through D1 set in the
liquid crystal panel 10 can be adjusted independently based
on the light receiving information al through d1 obtained
from the light receiving sensors 1224 through 1224. There-
fore, the liquid crystal panel 10 can be prevented from becom-
ing partially difficult to view as a result of being illuminated
by the external light, and thus the screen 10a can be made
easierto view as a whole. For example, it is preferable that the
contrast of a prescribed area of the screen 10a is strengthened
or weakened based on the light receiving informational al
through d1 obtained from the light receiving sensors 122a
through 122d.

[0074] Regarding how the contrast of the screen 10a is to be
adjusted based on the light receiving informational al
through d1 obtained from the light receiving sensors 122a
through 1224, it is preferable that, for example, the ease of
viewing the screen 10a is evaluated by a test performed in
advance. It is preferable that based on the test results, the
control on the brightness of the backlight device 20 based on
the light receiving informational al through d1 obtained from
the light receiving sensors 1224 through 1224 is appropriately
set by the program, etc. Regarding the adjustment of the
contrast, instead of only the backlight device 20 being con-
trolled, the control on the liquid crystal panel 10 may be
associated with the control on the backlight device 20 for each
of the areas Al through D1, so that the contrast of the screen
10aq is adjusted for each of the areas A1 through D1 indepen-
dently. Owing to this, the contrast of the screen 10a can be
appropriately adjusted for each of the areas Al through D1
independently in consideration of the influence of the exter-
nal light. Thus, the screen 10a of the liquid crystal panel 10
can be prevented from becoming partially difficult to view as
a result of being illuminated by the external light, and the
screen 10a can be controlled as a whole to display video more
appropriately in a manner desired by a user.
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[0075] Some liquid crystal display devices include a con-
trast adjustment controller (e.g., a contrast enhancer) for
strengthening or weakening the contrast based on the setting
by a user or the video signal. The contrast enhancer performs
processing of adjusting the contrast of the output video in
accordance with the luminance distribution of the input video
information.

[0076] FIG. 12 conceptually shows contrast adjustment
control. In this example, when an image including a bright
part and a dark part (e.g., an image of a landscape having a
bright part and a dark part such as, for example, a glow of
dawn and a sunset glow) is displayed on a part of the screen,
the contrast is strengthened.

[0077] Inthis case, video information (input image 401) is
input to the control section 200. In this embodiment, the
control section 200 adjusts the contrast of the screen 104 for
each of the areas independently based on the video informa-
tion (input image 401) (area active processing 220; see FIG.
5). At this point, the control section 200 generates control
information for controlling the backlight device 20 for each of
the areas of the screen 10a independently (LED control data
402) and control information for controlling each of the pixels
in the liquid crystal panel 10 (LCD control data 403). For
strengthening the contrast, it is preferable that the LED con-
trol data 402 and the LCD control data 403 are generated such
that, for example, a bright part of the input image 401
becomes still brighter and a dark part of the input image 401
becomes still darker. In an example, it is preferable that a
certain threshold value is provided for luminance information
of the input image 401, and for a pixel having a luminance
higher than the threshold value, such a high luminance is
multiplied by a predefined coefficient to increase the lumi-
nance; whereas for a pixel having a luminance lower than the
threshold value, such a low luminance is multiplied by the
predefined coefficient to decrease the luminance. Owing to
this, the generated LED control data 402 and LCD control
data 403 each have the contrast strengthened.

[0078] In FIG. 12, the LED control data 402 represents an
image of the backlight device 20 controlled by the LED
control data 402 processed as described above. In this case,
the backlight device 20 is bright in a part where the input
image 401 is bright and is dark in a part where the input image
401 is dark. In FIG. 12, the LCD control data 403 represents
an image of the liquid crystal panel 10 controlled by the LCD
control data 403 processed as described above. In this case,
the pixels of the liquid crystal panel 10 are controlled such
that the liquid crystal panel 10 is bright in a part where the
input image 401 is bright and is dark in a part where the input
image 401 is dark. Owing to this, an output image 404 from
the liquid crystal display device 100 has the contrast strength-
ened as compared with the input image 401 as shown in FIG.
12.

[0079] Theliquid crystal display device 100 in this embodi-
ment may perform, in addition to the above processing, the
processing of adjusting the contrast of each of the areas Al
through D1 of the screen 10a independently based on the light
receiving informational al through d1 obtained from the light
receiving sensors 122a through 1224 described above (see
FIG. 2). Owing to this, in addition to the contrast adjustment
control being performed as described above, the contrast of
the screen 10a can be appropriately controlled for each of the
areas independently in consideration of the case where a part
of the screen 10q is brighter than the other parts due to the
influence of the illumination in the room. As described above,
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as the control of adjusting the contrast, control of adjusting
the contrast by adjusting the brightness of each pixel of the
liquid crystal panel 10 may be performed.

[0080] As described above, the liquid crystal display device
100 includes the plurality of light emitting diodes 22 in the
backlight device 20 and also includes the light receiving
sensors 122a through 1224 at a plurality of sites along the
edge portion of the front surface of the liquid crystal panel 10.
The control section 200 divides the liquid crystal panel 10
into the plurality of areas Al through D1, and controls the
contrast of each of the areas Al through D1 independently
based on the light receiving informational al through d1
obtained from the light receiving sensors 1224 through 1224d.
[0081] AsshowninFIG. 8 and FIG. 9, the backlight driving
circuit 204 obtains the light receiving informational al
through d1 from the light receiving sensors 122a through
1224 located at a plurality of sites along the edge portion of
the front surface of the liquid crystal panel 10 (first step (S1)).
Next, based on the light receiving informational al through
d1 obtained in the first step (S1), the contrast of each of the
areas A1 through D1 is adjusted independently (second step
(S2, S3)). For example, in the liquid crystal display device
100, the contrast is controlled based on the light receiving
informational al through d1 obtained from the light receiving
sensors 122a through 1224 in addition to based on the control
signal 202a sent from the timing controller 202. Therefore,
for example, the brightness of the backlight device 20 can be
appropriately adjusted for each of the areas Al through D1
independently in consideration of the influence of the exter-
nal light. Thus, the screen 10a of the liquid crystal panel 10
can be prevented from becoming partially difficult to view by
being illuminated by the external light, and the screen 10a can
be made easier to view as a whole.

[0082] In this case, it is preferable that the plurality of
divided areas A1 through D1 into which the liquid crystal
panel 10 is divided is preset in accordance with the plurality
of sites at which the light receiving sensors 122a through
1224 are located, by means of the control section 200 by use
of the program, etc. Owing to this, the liquid crystal panel 10
can be appropriately divided into the plurality of areas Al
through D1 in accordance with the locations of the light
receiving sensors 122a through 1224, and thus the backlight
device 20 can be appropriately controlled. For example, in the
above-described embodiment, in the liquid crystal panel 10
including the generally rectangular screen 10a, the light
receiving sensors 122a through 1224 are respectively located
on four sides surrounding the generally rectangular screen
10a along the edge portion of the front surface of the liquid
crystal panel 10. In this case, it is preferable that as shown in
FIG. 2, the areas A1 through D1 into which the liquid crystal
panel 10 is divided are respectively set in the bottom, left, top
and right parts of the liquid crystal panel 10 in accordance
with the locations of the light receiving sensors 122a through
1224 on the four sides, i.e., the bottom, left, top and right
sides.

[0083] Regarding the above-described control method, in
the second step (S2), the contrast of borders between the areas
A1 through D1 may be controlled such that the contrast is
gradually changed between the areas Al through D1. Owing
to this, an event that the contrast is conspicuously changed at
the borders between the areas A1 through D1 set in the liquid
crystal panel 10 can be prevented. For example, it is prefer-
able that the brightness of the backlight device 20 is gradually
changed between the areas Al through D1.



US 2012/0044224 Al

[0084] In this case, it is preferable, for example, that the
centers of the areas A1 through D1 are set in the vicinity of the
light receiving sensors 1224 through 1224, respectively. It is
preferable that the light emitting diodes 22 are controlled
such that the brightness of the backlight device 20 is gradually
changed between the areas A1 through D1, for example, such
that the brightness of the backlight device 20 is gradually
changed in accordance with the distance from each of the
areas A1 through D1.

[0085] So far, one embodiment of the present invention has
been described. The present invention is not limited to the
above-described embodiment.

[0086] For example, the locations of the light receiving
sensors 122a through 1224 on the liquid crystal panel 10 are
not limited to those described above. In the above-described
embodiment, as shown in FIG. 2, on the liquid crystal panel
10 including the generally rectangular screen 10a, the light
receiving sensors 122a through 122d are respectively located
on four sides surrounding the generally rectangular screen
104 along the edge portion of the front surface of the liquid
crystal panel 10. By contrast, FIG. 8 shows a liquid crystal
display device 100A according to another embodiment of the
present invention. As shown in FIG. 8, the light receiving
sensors 1224 through 1224 may be located at four corners of
the peripheral edge portion of the generally rectangular
screen 10a. The four corners of the peripheral edge portion of
the generally rectangular screen 10a each have a diagonal
length greater than the width of the four sides surrounding the
generally rectangular screen 10a. Therefore, it is easier to
securely keep an area size sufficiently large to locate the light
receiving sensors 122a through 1224.

[0087] In this case, for example, as shown in FIG. 8, it is
preferable that a plurality of areas A2 through D2 into which
the liquid crystal panel 10 is divided are set so as to center
around the four corners of the screen 10a, in correspondence
with the locations of the light emitting sensors 122a through
1224. Tt is also preferable that the brightness of the backlight
device 20 is controlled each of the areas A2 through D2
independently based on the light receiving informational al
through d1 obtained by the light receiving sensors 122a
through 1224d. As understood from this, the locations of the
light receiving sensors 122a through 1224 may be variously
altered. Although not shown, the number of the light receiv-
ing sensors 122a through 1224 located along the edge portion
of the front surface of the liquid crystal panel 10 may be
increased or decreased, or may be appropriately increased in
accordance with the size of the liquid crystal panel 10.

[0088] For example, a plurality of light receiving sensors
may be located at an appropriate interval around the generally
rectangular screen 10a (on the four sides surrounding the
screen 10a (see FIG. 2), at the four corners of the peripheral
edge portion of the screen 104 (see FIG. 8), etc.). In this case,
as the number of the light receiving sensors is increased, the
screen 10a can be divided into areas in a finer manner. There-
fore, finer control on the brightness adjustment and on the
contrast is made possible. However, when the number of the
light receiving sensors is increased, the production cost of the
liquid crystal display device 100 is raised. Hence, it is pref-
erable that the number and the locations of the light receiving
sensors are determined such that the backlight device 20 is
appropriately controlled to prevent the liquid crystal panel 10
from becoming partially difficult to view, and also in consid-
eration of the production cost or the like.
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[0089] In the above-described embodiment, the control
section 200 controls the contrast and also performs other
controls on the liquid crystal display device 100. The present
invention is not limited to such an embodiment, and the other
controls on the liquid crystal display device 100 and the
control on the contrast may be performed by different control
circuits from each other. The above-described control of
adjusting the brightness or the contrast of each of the areas
independently may be set to be performed when necessary.
For example, as shown in FIG. 2, the control section 200 may
include a switching section 200a for switching between a
mode of performing the above-described control of adjusting
the contrast and a mode of not performing the above-de-
scribed control of adjusting the contrast.

[0090] For example, when a person walks in front of the
liquid crystal display device, a part of the light receiving
sensors temporarily senses darkness caused by the shadow of
the person. If the above-described control of adjusting the
brightness is performed in such a case, an unpleasant event
that, for example, the image flickers may occur. Therefore,
the control section 200 may be set to perform the above-
described brightness adjustment control when certain light
receiving information is obtained for a predefined time dura-
tion.

[0091] Inthis case, as shown in FIG. 10, the control section
200 obtains light receiving information from the light receiv-
ing sensors 122a through 122d (step S1), and determines
“whether or not the light receiving information obtained in
step S1 has been changed from the light receiving information
obtained at an immediately previous timing” (step S11).
When it is determined in such determination processing S11
that the light receiving information obtained in step S1 has not
been changed from the light receiving information obtained at
the immediately previous timing (NO), the processing of step
S1 is repeated. When it is determined in the determination
processing S11 that the light receiving information obtained
in step S1 has been changed from the light receiving infor-
mation obtained at the immediately previous timing (YES),
determination processing S12 is performed. In the determi-
nation processing S12, it is determined “whether or not the
light receiving information obtained in step S1 was obtained
continuously for a predefined time duration”. The “pre-
defined time duration” is used for the purpose of preventing
the above-described brightness adjustment control from
being performed in an event that a part of the light receiving
sensors temporarily senses darkness. It is preferable to set, as
the “predefined time duration”, an appropriate time duration
suitable for this purpose.

[0092] When it is determined in the determination process-
ing S12 that the light receiving information obtained in step
S1 was not obtained continuously for the predefined time
duration (NO), the processing of step S1 is repeated. When it
is determined in the determination processing S12 that the
light receiving information obtained in step S1 was obtained
continuously for the predefined time duration (YES), the
processing of step S2 and the processing of step S3 are per-
formed sequentially. In the processing of step S2, control
signals for a plurality of light sources are created based on the
light receiving information obtained in step S1 and a video
signal. In the processing of step S3, the brightness of the
backlight device 20 is adjusted based on the control signals
created in step S2.

[0093] According to such control, even when a person
walks in front of the liquid crystal display device and a part of
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the light receiving sensors temporarily senses darkness
caused by the shadow of the person, an event that the above-
described brightness adjustment control is performed and
thus the image flickers can be suppressed.

[0094] So far, various types of liquid crystal display device
100 according to various embodiments of the present inven-
tion have been described. The present invention is not limited
to these embodiments either, and may be variously altered.
[0095] For example, the above-described structure of the
liquid crystal panel is merely an example. Various proposals
have been made by the prior art regarding the structure of the
liquid crystal panel, and there is no specific limitation on the
structure of the liquid crystal panel according to the present
invention. The type of, and the manner of locating, the light
emitting diodes as the light sources are not limited to those in
the above-described embodiments. In the above-described
embodiments, as an example of backlight device, a so-called
full-array type LED backlight device in which the light emit-
ting diodes face the rear surface of the liquid crystal panel is
shown. The backlight device is not limited to such a type and
may be of any type which directs the light from a plurality of
light emitting diodes toward the rear surface of the liquid
crystal display section. Therefore, for example, the backlight
device may direct the light from the light emitting diodes
toward the rear surface of the liquid crystal display section via
alight guide plate. In this case, for example, the structure may
be such that the rear surface of the liquid crystal panel is
divided into areas, different light guide plates are located
respectively for the areas, and the light guide plates are each
controlled independently so as to adjust the brightness of the
backlight device for each of the areas independently.

[0096] FIG. 11 is a block diagram illustrating a liquid crys-
tal display device 100B in such a modification.

[0097] In this embodiment, a backlight device 20B is
divided into M rowsxN columns of divided illumination areas
(11,12, 13, ... MN) arranged in a lattice (in a matrix; in the
example of the figure, MxN). In this embodiment, the back-
light device 20B is lit up, lit out, adjusted in luminance or the
like for each of the divided illumination areas (11, 12, 13, . .
. MN) independently. Namely, different light guide plates are
respectively located for the areas, and the light guide plates
are each controlled independently so as to adjust the bright-
ness of the backlight device for each of the areas indepen-
dently.

[0098] The screen 10a of a liquid crystal panel 10B is
divided into areas in correspondence with the divided illumi-
nation areas (11, 12,13, ... MN) of the backlight device 20B.
The areas of the screen 10a are also represented with 11, 12,
13, ... MN in correspondence with the divided illumination
areas (11, 12, 13, ... MN) of the backlight device 20B for the
sake of convenience.

[0099] As shown in FIG. 11, the liquid crystal display
device 100B is controlled by the control section 200. In this
case, as shown in FIG. 11, the control section 200 includes a
maximum gray scale level detection circuit 91 and a gray
scale conversion circuit 92. The maximum gray scale level
detection circuit 91 detects the maximum gray scale level of
each of the above-described divided areas (11, 12, 13, . . .
MN) independently. The gray scale conversion circuit 92
converts a display image signal 90 in accordance with the
maximum gray scale level in one frame of each of the divided
areas (11, 12, 13, . . . MN). Then, the gray scale conversion
circuit 92 creates an input image signal to be input to the
liquid crystal panel 10B for each of the divided display areas.
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[0100] Inthiscase,itis preferable that as shown in FIG.2 or
FIG. 8, the control section 200 divides the screen 10a into
areas Al through D1 based on the light receiving informa-
tional through d1 obtained by the light receiving sensors 122a
through 1224 and optimizes the control on the backlight
device 20 for each of the areas A 1 through D1 independently.
[0101] Asshown in FIG. 5, for example, the control section
200 of the above-described liquid crystal display device 100
may be structured to include a receiving section 201a for
receiving TV broadcast in the signal input section 201 so that
an image based on the TV broadcast received by the receiving
section 201a is displayed. The control section 200 may con-
trol the liquid crystal display section 10 and the backlight
device 20 such that an image based on the TV broadcast
received by the receiving section 201a is displayed by the
liquid crystal display device 100. As understood from this, the
liquid crystal display device 100 can be a part of a TV
receiver. The video information to be input to the signal input
section 201 is not limited to an image based on the TV
broadcast, and may be an image sent from any of various
video devices.

DESCRIPTION OF REFERENCE CHARACTERS

[0102] 10, 10B Liquid crystal panel (liquid crystal dis-
play section)

[0103] 10a Screen
[0104] 11 Array substrate
[0105] 12 Color filter substrate
[0106] 13 Liquid crystal layer
[0107] 15 Seal
[0108] 17, 18 Polarizing plate
[0109] 20, 20B Backlight device
[0110] 22 Light emitting diode (light source)
[0111] 24 Backlight chassis
[0112] 25 Reflector plate
[0113] 26 Optical sheet
[0114] 30 Bezel
[0115] 32 Frame
[0116] 41 Glass substrate
[0117] 42 Pixel electrode
[0118] 42aOneofelectrodes forming a storage capacitance
[0119] 43 Bus line
[0120] 44 Flattening layer
[0121] 46 Alignment film
[0122] 47 Thin film transistor
[0123] 47a Gate electrode
[0124] 475 Source electrode
[0125] 47c¢ Drain electrode
[0126] 48 Scanning signal line
[0127] 51 Glass substrate
[0128] 52 Black matrix
[0129] 53 Color filter
[0130] 54 Flattening layer
[0131] 55 Counter electrode
[0132] 56 Alignment film
[0133] 61 The other of the electrodes forming a storage
capacitance
[0134] 62 Storage capacitance line
[0135] 81 Gate driver
[0136] 81a, 82a Control signal
[0137] 82 Source driver
[0138] 90 Display image signal
[0139] 91 Maximum gray scale level detection circuit
[0140] 92 Gray scale conversion circuit
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[0141] 100, 100A, 100B Liquid crystal display device

[0142] 122a-122d Light receiving sensor

[0143] 200 Control section

[0144] 201 Signal input section

[0145] 202 Timing controller

[0146] 202a Control signal sent from the timing control-
ler

[0147] 203 Power source

[0148] 204 Backlight driving circuit

[0149] 220 Area active processing

[0150] 300 External system

[0151] 300a Control signal

[0152] 401 Input image

[0153] 402 LED control data

[0154] 403 LCD control data

[0155] 404 Output image

[0156] A1-D1,A2-D2 Area

[0157] al-d1 Light receiving information

[0158] a2-d2 Control signal

[0159] Ccs Storage capacitance

[0160] Clc Capacitor for manipulating the liquid crystal
layer

1. A liquid crystal display device, comprising:

a liquid crystal display section including a plurality of
pixels;

a backlight device for directing light from a plurality of
light sources toward a rear surface of the liquid crystal
display section;

light receiving sensors located at a plurality of sites along
an edge portion of a front surface of the liquid crystal
display section; and

a control section for dividing the liquid crystal display
section into a plurality of areas, and controlling the
liquid crystal display section and/or the backlight device
based on light receiving information obtained from the
light receiving sensors to perform control of adjusting a
contrast of each of the areas independently.

2. The liquid crystal display device of claim 1, wherein the
plurality of areas into which the liquid crystal display section
is divided are preset by the control section in accordance with
the plurality of sites at which the light receiving sensors are
located.

3. The liquid crystal display device of claim 1, wherein the
light sources for irradiating borders between the areas are
controlled such that the contrast is gradually changed
between the areas.

4. The liquid crystal display device of claim 1, wherein:

the liquid crystal display section includes a generally rect-
angular screen; and

the light receiving sensors are respectively located on four
sides surrounding the generally rectangular screen.

5. The liquid crystal display device of claim 1, wherein:

the liquid crystal display section includes a generally rect-
angular screen; and

the light receiving sensors are respectively located at four
corners of a peripheral edge portion of the screen.

6. The liquid crystal display device of claim 1, wherein the
control section adjusts the contrast of each of the areas inde-
pendently in accordance with a difference in the light receiv-
ing information sensed by the light receiving sensors.

7. The liquid crystal display device of claim 1, wherein the
control section adjusts the contrast of the liquid crystal dis-
play section for each of the areas independently based on the
light receiving information obtained from the light receiving

11
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sensors and in accordance with brightness of the sites at
which the light receiving sensors are located, such that the
contrast is strengthened at a bright site and is weakened at a
dark site.

8. The liquid crystal display device of claim 1, wherein the
control section includes a switching section for switching
between a mode of performing control of adjusting the con-
trast of each of the areas independently and a mode of not
performing the control.

9. The liquid crystal display device of claim 1, wherein in
the case where certain light receiving information is obtained
from the light receiving sensors for a predefined time dura-
tion, the control section performs control of adjusting the
contrast of each of the areas independently.

10. The liquid crystal display device of claim 1, wherein
the rear surface of the liquid crystal display section is divided
into areas, different light guide plates are respectively located
for the areas, and the light sources direct light toward the rear
surface of the liquid crystal display section via the light guide
plates.

11. The liquid crystal display device of claim 1, wherein
the control section adjusts the contrast of each of the plurality
of areas independently based on a video signal and the light
receiving information obtained from the light receiving sen-
sors.

12. The liquid crystal display device of claim 1, wherein
the control section adjusts the contrast based on the light
receiving information obtained from the light receiving sen-
sors, such that the contrast is strengthened at a bright site of
the liquid crystal display section and is weakened at a dark
site.

13. The liquid crystal display device of claim 12, wherein
a certain threshold value is provided for the light receiving
information obtained from the light receiving sensors, and the
brightness of the liquid crystal display section is determined
based on the light receiving information obtained from the
light receiving sensors.

14. The liquid crystal display device of claim 1, wherein:

the control section has a structure of controlling the liquid

crystal display section and the backlight device based on
input video information; and

a certain threshold value is provided for luminance infor-

mation of the video information, and for a pixel having
a luminance higher than the threshold value, the high
luminance is multiplied by a predefined coefficient to
increase the luminance, whereas for a pixel having a
luminance lower than the threshold value, the low lumi-
nance is multiplied by the predefined coefficient to
decrease the luminance.

15. The liquid crystal display device of claim 1, wherein
the control section adjusts the brightness of the backlight
device as the control of adjusting the contrast.

16. The liquid crystal display device of any claim 1,
wherein the control section adjusts the brightness of each of
the pixels of the liquid crystal display section as the control of
adjusting the contrast.

17. The liquid crystal display device of any claim 1, further
comprising;

a receiving section for receiving TV broadcast; and

a control section for controlling the liquid crystal display

section and the backlight device such that an image
based on the TV broadcast received by the receiving
section is displayed.
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18. The liquid crystal display device of claim 1, wherein
the light sources are light emitting diodes.

19. A method for controlling a liquid crystal display device
including a liquid crystal display section and a backlight
device for directing light from a plurality of light sources
toward a rear surface of the liquid crystal display section, the
method comprising:

a first step of obtaining light receiving information from
light receiving sensors located at a plurality of sites
along an edge portion of a front surface of the liquid
crystal display section; and

a second step of dividing the liquid crystal display section
into a plurality of areas and controlling the plurality of
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light sources based on the light receiving information
obtained in the first step to adjust a contrast of each of the
areas independently.

20. The method for controlling a liquid crystal display
device of claim 19, wherein in the second step, borders
between the areas are controlled such that the contrast is
gradually changed between the areas.

21. The method for controlling a liquid crystal display
device of claim 19, wherein in the case where certain light
receiving information obtained from the light receiving sen-
sors in the first step is obtained for a predefined time duration,
the second step is performed.
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