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(57) ABSTRACT

A liquid crystal display device capable of improving quality
of moving images is provided. Each LED (Light Emitting
Diode) block is turned ON according to a response of a liquid
crystal corresponding to a light emitting region and the
brightest gray level is detected for each of red (R), green (G)
and blue (B) of an input video signal in every frame period
and an input video signal is converted into a value obtained by
being multiplied by an upper limit gray level and then by
being divided by the brightest gray level and a gray level
voltage corresponding to the converted value is applied to
each data electrode and, during a lighting period of LED
blocks, each LED block is made to flash at a duty correspond-
ing to a rate of the brightest gray level to the upper limit gray
level.

25 Claims, 17 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE,
DRIVING CONTROL CIRCUIT AND
DRIVING METHOD USED IN SAME DEVICE

INCORPORATION BY REFERENCE

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2006-189352,
filed on Jul. 10, 2006, the disclosure of which is incorporated
herein in its entirely by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, driving control circuit and driving method used in the
same display device, and more particularly to the liquid crys-
tal display device having an LED (Light Emitting Diode)
backlight and suitably used when a moving image is dis-
played, the driving control circuit and the driving method
used in the same display device.

2. Description of the Related Art

To display a television image, a CRT (Cathode Ray Tube)
has been conventionally used, however, in recent years, liquid
crystal display devices are widely used. In each of the liquid
crystal display devices, a liquid crystal display panel is a
non-luminous panel and, therefore, a backlight is placed on a
rear of the liquid crystal panel and images are displayed by
changing transmittance of light emitted from the backlight
according to an input video signal. However, the liquid crystal
panel as the related art has a problem. That is, when black is
displayed on the liquid crystal panel, if a backlight is ordi-
narily turned ON, leakage of light from a displaying surface
of'the liquid crystal panel occurs, which causes contrast to be
degraded.

In addition, a CRT display panel is self-luminous and,
therefore, a dynamic range of luminance can be widened by
changing peak luminance according to an input video signal,
whereas the liquid crystal display panel in the liquid crystal
display device is non-luminous and, as a result, widening of a
dynamic range of luminance is difficult. Another problem is
that, when moving images are displayed by the liquid crystal
display device, since a response of a liquid crystal to an
applied voltage requires time and since a holding-type driving
operation is performed in which a current frame is held until
a video signal corresponding to a succeeding frame is sup-
plied, a trail-leaving (afterimage) phenomenon occurs. Thus,
an improved liquid crystal display device that tries to solve
these problems is proposed.

Related art technology of this type is disclosed in, for
example, in Japanese Patent Application Laid-open No.
2005-258404 (Abstract, FIGS. 13 and 30). The disclosed
liquid crystal display device, as shown in FIG. 15, includes an
external light sensor 1, a controller 2, a display data changing
circuit 3, a backlight light amount controlling circuit 4, a
liquid crystal display section 5, a backlight 6, and an optical
sensor 7. In the disclosed liquid crystal display device, the
controller 2 controls, based on a signal “pe” output from the
optical sensor 7 to detect emission of light from the backlight
6, on an image signal “vf” input to be used for displaying on
the liquid crystal display section 5, and on a signal “pg”
output from the external light sensor 1 to detect external
environmental light, a process of changing displaying data for
each color (red (R), green (G), and blue (B)) in the liquid
crystal display section 5 and an amount of light, for each color
(R, G, B), emitted from the backlight 6.

20

25

30

35

40

45

50

55

60

65

2

In the disclosed case, as shown in FIG. 16, the backlight 6
is turned ON in every frame period with time width corre-
sponding to converting indices from 100 to 255 of luminance
of'an illumination light source that change in inverse propor-
tion to optical transmittance of liquid crystals. As a result,
contrast of a displayed image and a dynamic range of lumi-
nance are improved. In addition, by flashing of the backlight
6, a trail-leaving phenomenon of moving images on a dis-
played screen is reduced.

However, the above liquid crystal display device as the
related art has the following problems. That is, in the related
art liquid crystal display device in FIG. 15, as shown in FIG.
17A, when a gray level of a video signal to be input is com-
paratively low, a response of a liquid crystal is slow which
causes lighting timing of the backlight 6 to be delayed,
whereas, when a gray level of a video signal to be input is
comparatively high, a response of the liquid crystal is rapid,
which causes rapid lighting timing of the backlight 6. Thus,
lighting timing of the backlight 6 differs greatly depending on
the gray level of a video signal to be input and, therefore,
when amoving picture is displayed, a degree of a trail-leaving
phenomenon differs depending on the gray level of an input
video signal, causing degradation of quality of images.

SUMMARY OF THE INVENTION

In view of the above, it is an object of the present invention
to provide a liquid crystal display device capable of prevent-
ing degradation of image quality even in displaying moving
images, a driving control circuit to be used in the liquid crystal
display device, and its driving method.

According to a first aspect of the present invention, there is
provided a liquid crystal display device including:

a liquid crystal display panel;

a backlight; and

a driving control unit;

wherein the liquid crystal display panel displays images
corresponding to an input video signal by a driving operation
of'each of scanning electrodes and each of data electrodes by
which a specified gray level voltage is applied to a corre-
sponding pixel region and a response of a liquid crystal is
controlled in the pixel region according to the applied gray
level voltage;

wherein the backlight illuminates the liquid crystal display
panel from its rear side; and

wherein the driving control unit turns off the backlight
during a frame period of the input video signal in which an
upper limit gray level for each of red (R), green (G), and blue
(B) is set until the liquid crystal shows a response to the
application of the specified gray level voltage in the pixel
region and turns on the backlight at a point of time when the
liquid crystal has shown a response and detects a brightest
gray level for each of the R, G, and B of the input video signal
in every frame period and converts a gray level of the input
video signal so that the detected brightest gray level and a
corresponding upper limit gray level become at a same level
and, during a lighting period of the backlight, makes the
backlight flash at a duty corresponding to a rate of the bright-
est gray level to the corresponding upper limit gray level.

In the foregoing, a preferable mode is one wherein the data
electrodes of the liquid crystal display panel are arranged in
parallel to one another at specified intervals along a first
direction and the scanning electrodes are arranged in parallel
to one another at specified intervals along a second direction
orthogonal to the first direction and wherein the backlight
includes a plurality of light source blocks whose light emit-
ting region is divided into m (“m” is an integer being 1 or

Petitioner Samsung Ex-1008, 0019
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more) portions in the first direction of the liquid crystal dis-
play device and into k (“k” is an integer being 2 or more)
portions in the second direction and wherein the driving con-
trol unit turns on the light source blocks during a specified
period according to a response of the liquid crystal corre-
sponding to a light emitting region of each of the light source
blocks and detects a brightest gray level for each of the R, G,
and B of the input video signal in each frame period in a
manner to correspond to each of the light source blocks and
converts a gray level of the input video signal so that the
detected brightest gray level and the upper limit gray level
become at a same level and, during a lighting period of the
light source blocks, makes the backlight flash at a duty cor-
responding to a rate of the brightest gray level to the upper
limit gray level.

According to a second aspect of the present invention, there
is provided a liquid crystal display device including:

a liquid crystal display panel;

a backlight; and

a driving control unit;

wherein the liquid crystal display panel displays images
corresponding to an input video signal by a driving operation
of'each of scanning electrodes and each of data electrodes by
which a specified gray level voltage is applied to a corre-
sponding pixel region and a response of a liquid crystal is
controlled in the pixel region according to the applied gray
level voltage;

wherein the backlight illuminates the liquid crystal display
panel from its rear side; and

wherein the driving control unit turns off the backlight
during a frame period of the input video signal in which an
upper limit gray level for each of the R, G, and B is set until
the liquid crystal shows a response to the application of the
specified gray level voltage in the pixel region and turns on the
backlight at a point of time when the liquid crystal has shown
a response and detects an average value of gray levels within
a specified range including the brightest gray level for each of
the R, G, and B of the input video signal in every frame period
in a manner to correspond to each of the light source blocks
and converts a gray level of the input video signal so that the
detected average value of gray levels and a corresponding
upper limit gray levels become at a same level and, during a
lighting period of the backlight, makes the backlight flash at
a duty corresponding to a rate of the average value to the
corresponding upper limit gray level.

In the foregoing, a preferable mode is one wherein the data
electrodes of the liquid crystal display panel are arranged in
parallel to one another at specified intervals along a first
direction and the scanning electrodes are arranged in parallel
to one another at specified intervals along a second direction
orthogonal to the first direction and wherein the backlight
includes a plurality of light source blocks whose light emit-
ting region is divided into m (“m” is an integer being 1 or
more) portions in the first direction of the liquid crystal dis-
play device and into k (“k” is an integer being 2 or more)
portions in the second direction and wherein the driving con-
trol unit turns on the light source blocks during a specified
period according to a response of the liquid crystal corre-
sponding to a light emitting region of each of the light source
blocks and detects an average value of gray levels within a
specified range including the brightest gray level for each of
the R, G, and B of the input video signal in every frame period
in a manner to correspond to each of the light source blocks
and converts a gray level of the input video signal so that the
detected average value of gray levels and the upper limit gray
levels become at a same level and, during a lighting period of
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4

the backlight, makes the backlight flash at a duty correspond-
ing to a rate of the average value to the upper limit gray level.

Also, a preferable mode is one wherein an average value of
the gray levels is obtained by detecting gray levels corre-
sponding to pixels within a specified range and by averaging
values resulting from the detection, using a pixel having the
brightest gray level in every frame period as a reference.

Also, a preferable mode is one wherein the backlight
includes LEDs of, each at least, the R, G, and B.

Also, a preferable mode is one wherein the point of time
when the liquid crystal has shown a response is set to be a first
point of time when approximately up to 70% of the liquid
crystals have shown a response or to be a second point of time
after the first point.

Also, a preferable mode is one wherein the driving control
unit performs an overdriving operation to the pixel region in
every frame period.

Also, a preferable mode is one wherein the driving control
unit divides each frame of the input video signal input at a
specified frame frequency into M (“M” is an integer being 2
or more) pieces of sub-frames having a sub-frame frequency
M times higher than the frame frequency and performs an
overdriving operation on the corresponding pixel region in
the first sub-frame in every frame period and performs an
ordinary driving operation in the second and thereafter sub-
frames.

Also, a preferable mode is one wherein the driving control
unit turns on the backlight N (“N” is an integer being 2 or
more) times at specified intervals in every frame period.

According to a third aspect of the present invention, there is
provided a driving control circuit to be used in a liquid crystal
display device including a liquid crystal display panel to
display images corresponding to an input video signal by a
driving operation of each of scanning electrodes and each of
data electrodes by which a specified gray level voltage is
applied to a corresponding pixel region and a response of a
liquid crystal is controlled in the pixel region according to the
applied gray level voltage and a backlight to illuminate the
liquid crystal display panel from its rear side, the driving
control circuit including:

components to turn off the backlight during a frame period
of'the input video signal in which an upper limit gray level for
each of the R, G, and B is set until the liquid crystal shows a
response to the application of the specified gray level voltage
in the pixel region and to turn on the backlight at a point of
time when the liquid crystal has shown a response and to
detect a brightest gray level for each of the R, G, and B of the
input video signal in the frame period and to convert a gray
level of the input video signal so that the detected brightest
gray level and a corresponding upper limit gray level become
at a same level and, during a lighting period of the backlight,
to make the backlight flash at a duty corresponding to a rate of
the brightest gray level to the corresponding upper limit gray
level.

In the foregoing, a preferable mode is one wherein the data
electrodes of the liquid crystal display panel are arranged in
parallel to one another at specified intervals along a first
direction and the scanning electrodes are arranged in parallel
to one another at specified intervals along a second direction
orthogonal to the first direction and wherein the backlight
includes a plurality of light source blocks whose light emit-
ting region is divided into m (“m” is an integer being 1 or
more) portions in the first direction of the liquid crystal dis-
play device and into k (“k” is an integer being 2 or more)
portions in the second direction and wherein the components
further turns on the light source blocks during a specified
period according to a response of the liquid crystal corre-
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sponding to a light emitting region of each of the light source
blocks and detects a brightest gray level for each of the R, G,
and B of the input video signal in every frame period in a
manner to correspond to each of the light source blocks and
converts a gray level of the input video signal so that the
detected brightest gray level and the upper limit gray level
become at a same level and, during a lighting period of the
light source blocks, makes the backlight flash at a duty cor-
responding to a rate of the brightest gray level to the upper
limit gray level.

According to a fourth aspect of the present invention, there
is provided a driving control circuit to be used in a liquid
crystal display device including a liquid crystal display panel
to display images corresponding to an input video signal by a
driving operation of each of scanning electrodes and each of
data electrodes by which a specified gray level voltage is
applied to a corresponding pixel region and a response of a
liquid crystal is controlled in the pixel region according to the
applied gray level voltage and a backlight to illuminate the
liquid crystal display panel from its rear side, the driving
control circuit including:

components to turn off the backlight during a frame period
of'the input video signal in which an upper limit gray level for
each of the R, G, and B is set until the liquid crystal shows a
response to the application of the specified gray level voltage
in the pixel region and to turn on the backlight at a point of
time when the liquid crystal has shown a response and to
detect an average value of gray levels within a specified range
including a brightest gray level for each of the R, G, and B of
the input video signal in each frame period in a manner to
correspond to each of the light source blocks and to convert a
gray level of the input video signal so that the detected aver-
age value of gray levels and a corresponding upper limit gray
levels become at a same level and, during a lighting period of
the backlight, to make the backlight flash at a duty corre-
sponding to a rate of the average value to the corresponding
upper limit gray level.

In the foregoing, a preferable mode is one wherein the data
electrodes of the liquid crystal display panel are arranged in
parallel to one another at specified intervals along a first
direction and the scanning electrodes are arranged in parallel
to one another at specified intervals along a second direction
orthogonal to the first direction and wherein the backlight
includes a plurality of light source blocks whose light emit-
ting region is divided into m (“m” is an integer being 1 or
more) portions in the first direction of the liquid crystal dis-
play device and into k (“k” is an integer being 2 or more)
portions in the second direction and wherein the components
turn on the light source blocks during a specified period
according to a response of the liquid crystal corresponding to
a light emitting region of each of the light source blocks and
detect an average value of gray levels within a specified range
including the brightest gray level for each of the R, G, and B
of'the input video signal in every frame period in a manner to
correspond to each of the light source blocks and convert a
gray level of the input video signal so that the detected aver-
age value of gray levels and the upper limit gray levels
become at a same level and, during a lighting period of the
backlight, make the backlight flash at a duty corresponding to
a rate of the average value to the upper limit gray level.

Also, a preferable mode is one wherein the driving control
circuit includes one integrated circuit.

According to a fifth aspect of the present invention, there is
provided a driving method to be used in a liquid crystal
display device including a liquid crystal display panel to
display images corresponding to an input video signal by a
driving operation of each of scanning electrodes and each of
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data electrodes by which a specified gray level voltage is
applied to a corresponding pixel region and a response of a
liquid crystal is controlled in the pixel region according to the
applied gray level voltage and a backlight to illuminate the
liquid crystal display panel from its rear side, the driving
method including:

turning off the backlight during a frame period of the input
video signal in which an upper limit gray level for each of the
R, G, and B is set until the liquid crystal shows a response to
the application of the specified gray level voltage in the pixel
region, turning on the backlight at a point of time when the
liquid crystal has shown a response, detecting the brightest
gray level for each of the R, G, and B of the input video signal
in the frame period, converting a gray level of the input video
signal so that the detected brightest gray level and a corre-
sponding upper limit gray level become at a same level and,
during a lighting period of the backlight, making the back-
light flash at a duty corresponding to a rate of the brightest
gray level to the corresponding upper limit gray level.

In the foregoing, a preferable mode is one wherein the data
electrodes of the liquid crystal display panel are arranged in
parallel to one another at specified intervals along a first
direction and the scanning electrodes are arranged in parallel
to one another at specified intervals along a second direction
orthogonal to the first direction and wherein the backlight
includes a plurality of light source blocks whose light emit-
ting region is divided into m (“m” is an integer being 1 or
more) portions in the first direction of the liquid crystal dis-
play device and into k (“k” is an integer being 2 or more)
portions in the second direction and wherein the driving
method further includes steps of turning on the light source
blocks during a specified period according to aresponse of the
liquid crystal corresponding to a light emitting region of each
of'the light source blocks, of detecting the brightest gray level
for each of the R, G, and B of the input video signal in each
frame period in a manner to correspond to each of the light
source blocks, of converting a gray level of the input video
signal so that the detected brightest gray level and the upper
limit gray level become at a same level and, during a lighting
period of the light source blocks, of making the backlight
flash at a duty corresponding to a rate of the brightest gray
level to the upper limit gray level.

According to a sixth aspect of the present invention, there
is provided a driving method to be used in a liquid crystal
display device including a liquid crystal display panel to
display images corresponding to an input video signal by a
driving operation of each of scanning electrodes and each of
data electrodes by which a specified gray level voltage is
applied to a corresponding pixel region and a response of a
liquid crystal is controlled in the pixel region according to the
applied gray level voltage and a backlight to illuminate the
liquid crystal display panel from its rear side, the driving
method including:

turning off the backlight during a frame period of the input
video signal in which an upper limit gray level for each of the
R, G, and B is set until the liquid crystal shows a response to
the application of the specified gray level voltage in the pixel
region, turning on the backlight at a point of time when the
liquid crystal has shown a response, detecting an average
value of gray levels within a specified range including a
brightest gray level for each of the R, G, and B of the input
video signal in every frame period in a manner to correspond
to each of the light source blocks, converting a gray level of
the input video signal so that the detected average value of
gray levels and a corresponding upper limit gray levels
become at a same level and, during a lighting period of the
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backlight, and making the backlight flash at a duty corre-
sponding to a rate of the average value to the corresponding
upper limit gray level.

In the foregoing, a preferable mode is one wherein the data
electrodes of the liquid crystal display panel are arranged in
parallel to one another at specified intervals along a first
direction and the scanning electrodes are arranged in parallel
to one another at specified intervals along a second direction
orthogonal to the first direction and wherein the backlight
includes a plurality of light source blocks whose light emit-
ting region is divided into m (“m” is an integer being 1 or
more) portions in the first direction of the liquid crystal dis-
play device and into k (“k” is an integer being 2 or more)
portions in the second direction and wherein the driving
method includes steps of turning on the light source blocks
during a specified period according to a response of the liquid
crystal corresponding to a light emitting region of each of the
light source blocks, of detecting an average value of gray
levels within a specified range including a brightest gray level
for each of the R, G, and B of the input video signal in every
frame period in a manner to correspond to each of the light
source blocks, of converting a gray level of the input video
signal so that the detected average value of gray levels and the
upper limit gray levels become at a same level and, during a
lighting period of the backlight, and of making the backlight
flash at a duty corresponding to a rate of the average value to
the upper limit gray level.

With the above configurations, by the driving control sec-
tion, the backlight is turned OFF during the frame period of
the input video signal in which an upper limit gray level for
each of the R, G and B is set until the liquid crystal shows a
response to the application of a specified voltage to the pixel
region of the liquid crystal display panel, whereas, at the time
of the response of the liquid crystal, the backlight is turned
ON and the brightest gray level for each of the R, G, and B of
the input video signal in every frame period is detected and a
gray level of the input video signal is converted so that the
detected brightest gray level and the above upper limit are at
the same level and, during the lighting period of the backlight,
the backlight is made to flash at a duty corresponding to a rate
of'the above brightest gray level to the above upper gray level
and, therefore, a trail-leaving phenomenon in displayed mov-
ing images can be reduced and contrast of the displayed
image and dynamic range of luminance can be improved.

With another configuration as above, by the driving control
section, each of the light source blocks is turned ON accord-
ing to a response to a liquid crystal corresponding to a light-
emitting region of each of the light source blocks and the
brightest gray level for each of the R, G, and B of the input
video signal is detected in every frame period and a gray level
of the input video signal is converted so that the detected
brightest gray level and the above upper limit gray level
become at the same level and, during the lighting period of
each of the light source blocks, the backlight is made to flash
at a duty corresponding to a rate of the brightest gray level to
the above upper limit gray level and, therefore, a resolution of
the displayed images is improved and trail-leaving in the
displayed moving images is reduced and, further, contrast of
displayed images and dynamic range of luminance are
improved.

With still another configuration as above, by the driving
control section, the backlight is turned OFF during the frame
period of the input video signal in which an upper limit gray
level for each of the R, G, an B is set until the liquid crystal
shows a response to the application of a specified voltage to
the pixel region of the liquid crystal display panel, whereas, at
the time of the response of the liquid crystal, the backlight is
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turned ON during a specified time and an average value of
gray levels within a specified range including the brightest
gray level for each of the R, G, and B of the input video signal
in every frame period is detected and the gray level is con-
verted so that the detected average value and the above upper
limit gray level become at the same level and, during the
lighting period of the backlight, the backlight is made to flash
at a duty corresponding to a rate of the average value to the
upper limit gray level and, therefore, trail-leaving in dis-
played moving images is reduced and contrast of displayed
images and dynamic range of luminance are improved.

With still another configuration as above, by the driving
control section, each of the light source blocks is turned ON
according to a response of the liquid crystal corresponding to
a light-emitting region of each of the light source blocks and
an average value of gray levels within a specified range
including the brightest gray level for each of the R, G, and B
of'the input video signal in every frame period in a manner to
correspond to each of the light source blocks is detected and
the gray level of the input video signal is converted so that the
detected average value and the above upper limit gray level
become at the same level and, during the lighting period of
each of the light source blocks, the backlight is made to flash
at a duty corresponding to a rate of the average value to the
upper limit gray level and, therefore, aresolution of displayed
images is improved and trail-leaving in displayed moving
images is reduced and, further, contrast of displayed images
and dynamic range of luminance are improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages, and features of
the present invention will be more apparent from the follow-
ing description taken in conjunction with the accompanying
drawings in which:

FIG.1is ablock diagram showing electrical configurations
of' main components of a liquid crystal display device accord-
ing to a first embodiment of the present invention;

FIG. 2 is a schematic diagram showing one example of
electrical configurations of the liquid crystal panel of FIG. 1;

FIG. 3 is a diagram showing schematic configurations of
the liquid crystal display panel and a position of the backlight
shown in FIG. 1;

FIG. 4 is a diagram showing main portions of the backlight
in FIG. 1;

FIG. 5 is a time chart explaining operations of the liquid
crystal display device in FIG. 1;

FIG. 6 is a diagram showing an ON operation period of
FIG. 5 expanded in a time axis direction;

FIG. 7 is ablock diagram showing electrical configurations
of' main components of a liquid crystal display device accord-
ing to a second embodiment of the present invention;

FIG. 8 is ablock diagram showing electrical configurations
of' main components of a liquid crystal display device accord-
ing to a third embodiment of the present invention;

FIG. 9 is ablock diagram showing electrical configurations
of' main components of a liquid crystal display device accord-
ing to a fourth embodiment of the present invention;

FIG. 10 is a time chart explaining operations of the liquid
crystal display device in FIG. 9;

FIG. 11 is a block diagram showing electrical configura-
tions of main components of a liquid crystal display device
according to a fifth embodiment of the present invention;

FIG. 12 is a time chart explaining operations of the liquid
crystal display device in FIG. 11;
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FIG. 13 is a block diagram showing electrical configura-
tions of main components of a liquid crystal display device
according to a sixth embodiment of the present invention;

FIG. 14 is a diagram showing configurations of main com-
ponents of a backlight shown in FIG. 13;

FIG. 15 is a block diagram showing electrical configura-
tions of main components of a related art liquid crystal dis-
play device; and

FIG.16is adiagram explaining operations of the related art
liquid crystal display device of FIG. 15;

FIGS. 17A and 17B are a diagram explaining problems of
the related art liquid crystal display device of FIG. 15.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Best modes of carrying out the present invention will be
described in further detail using various embodiments with
reference to the accompanying drawings. A liquid crystal
display device is provided in which each of light source
blocks is turned ON, for a specified period, according to a
response of a liquid crystal corresponding to a light-emitting
region of each of the light source blocks of a backlight and the
brightest gray level for each of the R, G, B of an input video
signal in every frame period is detected in a manner to corre-
spond to each of the light source blocks and a gray level is
converted of the input video signal so that the brightest gray
level and an upper limit gray level of the input video signal
become at the same level and, during a lighting period of the
backlight, the backlight is made to flash at a duty correspond-
ing to a rate of the brightest gray level to the upper limit value
and a driving control circuit to be used in the liquid crystal
display device and its driving method.

First Embodiment

FIG.1is ablock diagram showing electrical configurations
of' main components of a liquid crystal display device accord-
ing to a first embodiment of the present invention. The liquid
crystal display device of the first embodiment, as shown in
FIG. 1, includes a driving control circuit 10, a frame memory
11, an H-driver 12, a V-driver 13, a liquid crystal display panel
14, an LED driver 15, and a backlight 16. The driving control
circuit 10 has a video signal detecting section 21, a video
signal converting section 22, an LED luminance converting
section 23, a lighting timing control section 24, and a timing
control section 25. The driving control circuit 10 is integrated
into, for example, one IC (Integrated Circuit).

The video signal detecting section 21 detects, in a manner
to correspond to each of LED blocks (LED BL) 164 and 165,
the brightest gray level for each of the R, G, and B of an input
video signal VD, in every frame period, and sends out the
detected brightest gray level, as a maximum gray level “gr]
to both the video signal converting section 22 and LED lumi-
nance converting section 23 and, further, sends out a video
signal “fvj” of the input video signal VD, in every frame
period, to the frame memory 11. The frame memory 11 stores
a video signal “fvj” fed from the video signal detecting sec-
tion 21 in every frame period and transmits the stored signal
as video signal data “fvq” for every one frame to the video
signal converting section 22. The video signal converting
section 22 converts a gray level of the video signal “fvq” fed
from the frame memory 11 so that the above brightest gray
level (maximum gray level “grh”) and an upper limit gray
level (for example, 6 bits, 26=64 gray levels) of the input
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video signal VD become at the same level and sends out the
converted signal, as the converted video signal “fvr”, to the
H-driver 12.

The LED luminance converting section 23 outputs, during
alighting period of each of LED blocks 16a and 165, a control
signal to make each of the LED blocks 16a and 165 flash at a
duty corresponding to a rate of the above maximum gray level
“grh” to the upper limit gray level of the input video signal VD
to the lighting timing control section 24. The lighting timing
control section 24 sends out a control signal “ctu” to make
each of the LED blocks 16a and 165 flash at a duty rate based
on the control signal “ctu” according to a response of a liquid
crystal corresponding to light emitting region of each of the
LED blocks 16a and 165 to the LED driver 15. In this case, a
time point of the completion of a response of a liquid crystal
is set to be a first point of time when approximately up to 70%
or more of the liquid crystals have shown a response or to be
a second point of time after the first time point (for example,
when up to 90% or more of the liquid crystals have shown a
response) and each of'the LED blocks 164 and 1654 is set so as
to go off till the response is completed, while flashing of each
ofthe LED blocks 16a and 165 is made to start ata time of the
completion of the response. The LED driver 15 generates
driving voltages “dw1” and “dw2” to make each of the LED
blocks 16a and 165 flash based on a control signal “ctv” fed
from the light timing control section 24.

The timing control section 25 sends out a control signal
“cta” to the H-driver 12 and a control signal “ctb” to the
V-driver based on a timing signal “tp” input from outside. The
H-driver 12 transmits a display signal “Di” to the liquid
crystal display panel 14 based on the control signal “cta” fed
from the timing control section 25 and the converted video
signal data “fvr” fed from the video signal converting section
22. The V-driver 13 sends out a scanning signal “OUT;j” to the
liquid crystal display panel 14 based on a control signal “ctb”
fed from the timing control section 25. The liquid crystal
display panel 14 receives a gray level voltage corresponding
to the display signal “Di” in a corresponding pixel region by
a driving operation of each scanning electrode (not shown)
and each data electrode (not shown) and by control on a
response of the liquid crystal in the display image to obtain a
displayed image.

FIG. 2 is a diagram showing one example of electrical
configurations of the liquid crystal display panel 14 of FIG. 1.
The liquid crystal display panel 14 of the embodiment is of a
transmissive-type that allows light from the backlight 16 to
come therein and includes, as shown in FIG. 2, data electrodes
Xi (i=1, 2, . . ., m; for example, m=640x3) and scanning
electrodes Yj (=1, 2, . . ., n; for example, n=480). The data
electrodes Xi are arranged at specified intervals in an “x”
direction (that is, in the first direction) to each of which a
corresponding display signal “Di” is applied. The scanning
electrodes Y] are arranged at specified intervals in a “y”
direction (that is, in a scanning direction or in a second direc-
tion) orthogonal to the x direction to each of which a scanning
signal “OUTj” to write the display signal “Di” is line-sequen-
tially applied. Each of pixel regions 20i,j is arranged in an
intersection region of each of the data electrodes Xi and each
of'the scanning electrodes Y]j in a one-to-one relationship and
includes TFTs (Thin Film Transistors) 214/, liquid crystals
22i, j, common electrodes COM. Each of the TFTs 21/, is
ON/OFF controlled according to a scanning signal “OUT;j”
and is configured to apply the display signal “Di” to the liquid
crystals 22,7 when getting into an ON state.

In the liquid crystal display panel 14, each of the scanning
electrodes Yj and each of the data electrodes Xi are driven in
a manner in which the scanning signal “OUT;j” is line-se-
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quentially to each of the scanning electrodes Yj and the dis-
play signal “Di” is supplied to each of the data electrodes Xi
and, as a result, a specified gray voltage is applied to a pixel
region corresponding to the display signal “Di” and a
response of a liquid crystal making up the liquid crystal layer
of'the liquid crystal display panel 14 is controlled based on the
applied gray level voltage, which changes optical transmit-
tance of the liquid crystals and produces displayed images.
The H-driver simultaneously applies, based on the control
signal “cta” fed from the timing control section 25 and the
converted video signal “fvr” fed from the video signal con-
verting section, the display signal “Di” to each of the data
electrodes Xi of the liquid crystal display panel 14. The
V-driver line-sequentially applies, based on the control signal
“ctb” fed from the timing control section 25, the scanning
signal “OUTj” to each of the scanning electrodes Yj of the
liquid crystal display panel 14.

FIG. 3 is a diagram showing schematic configurations of
the liquid crystal display panel 14 and a position of the back-
light 16 shown in FIG. 1. The liquid crystal display panel 14,
as shown in FIG. 3, is made up of a pair of polarizers 31 and
32, a counter substrate 33, an active matrix substrate 34, a
liquid crystal layer 35 interposed between the counter sub-
strate 33 and active matrix substrate 34. On the counter sub-
strate 33 are formed the COM electrodes in FIG. 2 and a color
filter of R, G, and B, in which one dot is made up of' 3 pixels
corresponding to three colors of R, G, and B. On the active
matrix substrate 34 are formed active elements such as TFT
21i,j or alike shown in FI1G. 2. The backlight 16 is mounted on
arear of the liquid crystal display panel 14 and, in the embodi-
ment in particular, is configured to use light of R, G, and B fed
from the LEDs as a flat light source and to have approximately
the same size as the display screen of the liquid crystal display
14 as a whole.

In the liquid crystal display panel 14, white light from the
backlight 16 becomes linearly polarized light after the pas-
sage through the polarizer 32 and then enters the liquid crystal
layer 35. The liquid crystal layer 35 is made up of a TN
(Twisted Nematic)-type liquid crystal and acts to change a
shape of polarized light, however this action is defined by an
orientation state of the liquid crystal and, therefore, the shape
of polarized light is controlled by a gray level voltage corre-
sponding to the display signal “Di”. Whether or not emitted
light is absorbed by the polarizer 32 is determined by the
shape of polarized light emitted from the liquid crystal layer
35. Thus, optical transmittance of the liquid crystal is con-
trolled by a gray level voltage corresponding to the display
signal “Di”. Color images are obtained by additive mixture of
color stimuli of light passed through each pixel of R, G, and
B of the color filter.

FIG. 4 is a diagram showing main portions of the backlight
16 in FIG. 1. In the backlight 16, its light-emitting region, as
shown in FIG. 4, is divided into two portions, LED blocks 16a
and 165, in ay direction of the liquid crystal display panel 14.
In this case, the scanning signal “OUTj” is line-sequentially
written (applied) to the liquid crystal display panel 14 in a
direction from the first line to the n-th line (final line), how-
ever, the backlight 16 is divided in the neighborhood of the
n/2-th line. When the backlight 16 is divided as in the first
embodiment, the video signal detecting section 21 detects the
brightest gray level for each of the R, G, and B of the input
video signal VD corresponding to 1, . . . , n/2 line and the
brightest gray level for each of the R, G, and B of the input
video signal VD corresponding to (n+1)/2, . . ., n line.

FIG. 5 is a time chart explaining operations of a liquid
crystal display device in FIG. 1. FIG. 6 is a diagram showing
a period of ON operations in FIG. 5 expanded in a time axis
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direction. A method for driving the liquid crystal display
device of the embodiment is explained by referring to these
drawings. In the liquid crystal display device, each of the
LED blocks is turned ON, for a specified period, according to
a response of the liquid crystal for a light emitting region of
each of the LED blocks and the brightest gray level for each
of'the R, G, and B of the input video signal VD, in a manner
to correspond to each of the LED blocks 16a and 1654, is
detected in every frame period and the input video signal VD
is converted into a signal value obtained by being multiplied
by the upper limit gray level and then by being divided by the
brightest gray level. Then, a gray level voltage corresponding
to the converted value is applied to each of the data electrodes
and, during the period of lighting of each of the LED blocks
16a and 165, each of the LED blocks 16a and 165 flashes at
a duty proportional to a rate of the brightest gray level to the
upper limit gray level of the input video signal VD.

That is, the brightest gray level, in every frame period, for
R, G, and B of the input video signal VD, in a manner to
correspond to each of the LED blocks 16a and 16, is detected
by the video signal detecting section 21 and the brightest gray
level is sent out as the maximum gray level “grh” to the video
signal converting section 22 and the LED luminance convert-
ing section 23. The video signal “fvj” of the input video signal
VD, in every frame period, is transmitted to the frame
memory 11. The video signal “fvj” is stored in the frame
memory 11 and is sent out as a video signal “fvq” to the video
signal converting section 22. The video signal converting
section 22 converts the video signal “fvq” fed from the frame
memory 11 into a signal value obtained by being multiplied
by the upper limit gray level (64 gray levels) of the input video
signal VD and by being divided by the maximum gray level
“grh” and sends out the converted value as the converted
video signal data “fvr” to the H-driver 12. In this case, for
example, if the maximum gray level “grh” is 32 gray levels,
the 32 gray levels are converted by the video signal converting
section 22, into 64 gray levels and 10 gray levels into 20 gray
levels (=10 gray levels of the input video signalx64 gray
levels/maximum 32 gray levels).

Moreover, in the timing control section 25, the control
signal “cta” is generated based on the input timing signal “tp”
and is sent out to the H-driver 12 and the control signal “ctb”
is generated and sent out to the V-driver 13. In the H-driver,
based on the control signal “cta” fed from the timing control
section 25 and the converting video signal “fvr” fed from the
video signal converting section 22, the display signal “Di” is
generated and sent out to the liquid crystal display panel 14.
In the V-driver, based on the control signal “ctb” fed from the
timing control section 25, the scanning signal “OUTj” is
generated and sent out to the liquid crystal display panel 14.
In the liquid crystal display panel 14, by a driving operation of
each of'the scanning electrodes Yj (not shown) and each of the
data electrodes Xi (not shown), a gray level voltage corre-
sponding to the display signal “Di” is applied to a correspond-
ing pixel region and a response of the liquid crystal in the
corresponding region is controlled for image displaying.

On the other hand, in the LED luminance converting sec-
tion 23, during the period of lighting of each of the LED
blocks 16a and 165, the control signal “ctu” used to make
each of the LED blocks 16a and 165 flash is generated at a
duty proportional to a rate of the maximum gray level “grh” to
the upper limit gray level of the input video signal VD. For
example, if the maximum gray “grh” is 32 gray levels, the
control signal “ctu” is generated so that luminance of each of
the LED blocks 16a and 165 is 50% (that is, maximum gray
level “grh” [32 gray level]/upper limit gray level [64 gray
level]). In the lighting timing control section 24, according to
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aresponse of the liquid crystal for the light-emitting region of
each of the LED blocks 164 and 165, the control signal “ctv”
used to make each of the LED blocks 16a and 165 flash is
generated at a duty based on the control signal “ctu” of each
of the LED blocks 164 and 165 and is sent out to the LED
driver 15.

In this case, as shown in FIG. 5, the lighting period T1
(from time t1 to time t2) of the LED block 164 is a period
(fixed 25% of liquid crystals show a response) from the time
point when 70% or more liquid crystals on the n/2-th line in
the i-th frame (“1” is an integer) shown a response to the time
point when 30% or less liquid crystals on the 1-st line in the
(i+1)-th frame have a response. Therefore, a lighting start
time point needs to be within a range of the time t1 to the time
3 and lighting end time point needs to be within a range of the
time t2 to the time t4. Similarly, the lighting period T2 is a
period (fixed 25% of liquid crystals shows a response) from
the time point when 70% or more liquid crystals on the n-th
line in the i-th frame shown a response to the time point when
30% or less liquid crystals on the n/2-th line in the (i+1)-th
frame have a response.

Inthe LED driver 15, based on the control signal “ctv” fed
from the lighting timing control section 24, driving voltage
“dw1” and “dw2” used to make each of the LED blocks flash
are generated. Each ofthe LED blocks 164 and 165, as shown
in FIG. 6, by the application of the driving voltages “dw1” and
“dw2”, flashes at a duty proportional to a rate of the maximum
gray level “grh” to the upper limit gray level ofthe input video
signal VD. For example, if the luminance of each of the LED
blocks 16a and 165 is 50%, the luminance during the period
T (from time al to time c1) is 50% of the luminance during the
period T3 (from time al to time b1). In this case, the lighting
time period T1 is made up of two or more periods each having
a time width from the time al to the time b1. In the embodi-
ment, the period from the time al to the time b1 and timing of
lighting are fixed to be a specified value which is not changed
by the input video signal VD.

Thus, in the first embodiment, each of the LED blocks 16a
and 165 is turned ON for a specified period of time according
to a response of the liquid crystal for a light-emitting region of
each of the LED blocks 16a and 165 and the brightest gray
level, in every frame period, for each color of red (R), green
(G), and blue (B) of the input video signal VD is detected in
a manner to correspond to each of the LED blocks 16a and
1654 and the input video signal VD is converted into a signal
value obtained by being multiplied by the upper limit gray
level and by being divided by the brightest gray level and a
gray level voltage corresponding to the converted signal value
is applied to each of the data electrodes and each of the LED
blocks 16a and 164 flashes at a duty proportional to a rate of
the brightest gray level to the upper limit gray level of the
input video signal VD and, therefore, trail-leaving occurring
at a time of display of images is reduced and contrast of
displayed images and a dynamic range of luminance are
improved. Moreover, even when a lighting duty of each of the
LED blocks 16a and 165 is changed by the input video signal
VD, lighting timing and period for each of the LED blocks
164 and 165 are fixed and each of the LED blocks 16a and 165
flashes with the lighting time period divided into two periods
and, as a result, the trail-leaving in moving images is reduced
irrespective of the gray level.

Second Embodiment

FIG. 7 is ablock diagram showing electrical configurations
of main components of a liquid crystal display device of a
second embodiment of the present invention. In FIG. 7, same
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reference numbers are assigned to components having the
same functions as in the first embodiment in FIG. 1. In the
liquid crystal display device of the second embodiment, as
shown in FIG. 7, instead of the driving control circuit 10
shown in FIG. 1, a driving control circuit 10A having differ-
ent configurations is provided newly. In the driving control
circuit 10A, instead of the video signal detecting section 21A
shown in FIG. 1, a video signal detecting section 21A having
different configurations is provided newly. The video signal
detecting section 21 detects, in a manner to correspond to
each of LED blocks 16a and 165, an average value of gray
levels within a specified range including the brightest gray
level for each red (R), green (G), and blue (B) of the input
video signal VD in every frame period and sends out the
average value, as a maximum gray level “grh”; to a video
signal converting section 22 and an LED luminance convert-
ing section 23 and a video signal “fvj” of the input video
signal VD, to a frame memory 11 in every frame period.
Moreover, when the above average value is set to be the
maximum gray level “grh”, the gray level of a pixel is higher
than its original gray level (gray level of the input video signal
VD) in some cases, where the gray level of the pixel is
corrected to be an upper limit gray level. For example, in the
case of an upper limit gray level being 64 gray levels, if the
maximum gray level “grh” exceeds 65 gray levels, the 65 gray
levels are corrected to be 64 gray levels. In addition, the
average value of the above gray levels can be obtained by
detecting gray levels corresponding to pixels within a speci-
fied range using the pixel having the brightest gray level as a
reference in every frame period, and by averaging values
resulting from the detection. In this case, for example, as the
above average value, an average value of gray levels within a
range of 10% of higher-order gray levels to the brightest gray
level or an average value of gray levels of a pixel having the
brightest gray level and of pixels surrounding the pixel having
the brightest gray level is used.

In the liquid crystal display device, an average value of
gray levels for each ofthe R, G, and B of the input video signal
VD within a specified range including the brightest gray level
in every frame period is detected by the video signal detecting
section 21A and the detected average value is output as the
maximum gray level “grf”. Therefore, even if a gray level of
any given pixel only is high, entire contrast of a display screen
and a dynamic range of luminance are improved.

Third Embodiment

FIG. 8 is ablock diagram showing electrical configurations
of' main components of a liquid crystal display device accord-
ing to a third embodiment of the present invention. In FIG. 8,
same reference numbers are assigned to components having
the same functions as in the first embodiment in FIG. 2. In the
liquid crystal display device of the third embodiment, as
shown in FIG. 8, instead of the driving control circuit 10A, a
driving control circuit 10B having different configurations
and a frame memory 27 are newly provided. An overdriving
section 26 is additionally mounted in the driving control
circuit 10B. The frame memory 27 stores a converting video
signal “fvr” fed from the video signal converting section 22
for every frame and sends out the stored video signal as a
converting video signal “fvga” to the overdriving section 26.
The overdriving section 26 converts, in synchronization with
output timing of the converted video signal “fvr” output from
the video signal converting section 22, the converting video
signal “fvqa” to a signal having a level to perform an over-
driving operation, for every frame, on each of pixel regions 20
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m,n in the liquid crystal display panel 14 and sends out the
converted signal as a converted video signal “fvra” to an
H-driver 12.

Thus, in the liquid crystal display device of the third
embodiment, the overdriving operation is performed, in every
frame period, on each of the pixel regions 20 m,  of the liquid
crystal display panel 14 and, therefore, a response of a liquid
crystal is more rapid than that in the second embodiment,
which reduces a trail-leaving more.

Fourth Embodiment

FIG. 9 is ablock diagram showing electrical configurations
of' main components of a liquid crystal display device accord-
ing to a fourth embodiment of the present invention. In the
liquid crystal display device of the fourth embodiment, as
shown in FIG. 9, instead of the driving control circuit 10B
shown in FIG. 8, a driving control circuit 10C having different
configurations is newly provided. In the driving control cir-
cuit 10C, instead of the video signal detecting circuit 21A,
overdriving section 26, and timing control section 25 in FIG.
8, a video signal detecting circuit 21B, overdriving section
26A, and timing control section 25A, all having functions
different from those in the third embodiment, are newly pro-
vided. The video signal detecting section 21B divides each
frame of the input video signal VD to be input at a specified
frame frequency (for example, 60 Hz) into two sub-frames
each having a sub-frame frequency being two times higher
than the specified frame frequency and has a function of
performing the same operation as is carried out, in every
sub-frame period, by the video signal detecting section 21A.

The overdriving section 26A converts, in synchronization
with output timing of the converting video signal “tvr” to be
output from the video signal converting section 22, the con-
verting video signal “fvga” fed from the frame memory 27
into a signal having a level to perform an overdriving opera-
tion in the first sub-frame period on each of the pixel regions
20 m,r of the liquid crystal display panel 14 and to perform an
ordinary driving operation in the second sub-frame period.
The timing control section 25A outputs a control signal “cta”
and a control signal “ctb” to make the H-driver and V-driver
operate at a speed of two times higher than the speed
employed in the above third embodiment. Moreover, the
frame frequency is 60.00 Hz in the case of the specifications
of the liquid crystal display panel 14 being, for example,
XGA (Extended Graphics Array), 59.94 Hz in the case of the
specification being VGA (Video Graphics Array) and 60.32
Hz in the case of the specification being SVGA (Super Video
Graphics Array).

Thus, in the liquid crystal display device of the fourth
embodiment, as shown in FIG. 10, the H-driver 12 and
V-driver 13 are made by the timing control section 25A to
operate ata speed being two times higher than the speed in the
third embodiment and, therefore, when each of the LED
blocks flashes, a response of the liquid crystal becomes faster,
which reduces trail-leaving of moving images more.

Fifth Embodiment

FIG. 11 is a block diagram showing electrical configura-
tions of main components of a liquid crystal display device of
a fifth embodiment of the present invention. In the liquid
crystal display device of the fifth embodiment, as shown in
FIG. 11, instead of the driving control circuit 10C in FIG. 9,
a driving control circuit 10D having different configurations
is newly provided. In the driving control circuit 10D, instead
of'the video signal detecting section 21B, overdriving section
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26A, lighting timing control section 24, and timing control
section 26B all shown in FIG. 9, a video signal detecting
section 21C, overdriving section 26C, lighting timing control
section 24a, and timing control section 25B each having
functions different from those shown in FIG. 9 are newly
provided. The video signal detecting section 21C divides each
frame of the input video signal VD into four sub-frames (first
sub-frame to fourth sub-frame) each having a sub-frame fre-
quency (240 Hz) being four times higher than the specified
frame frequency and has a function of performing the same
operation as is carried out, in each sub-frame period.

The overdriving section 26B converts, in synchronization
with output timing of the converting video signal “tvr” to be
output from the video signal converting section 22, the con-
verting video signal “fvga” fed from the frame memory 27
into a signal having a level to perform an overdriving opera-
tion in the first sub-frame period on each of the pixel regions
20 m,n of the liquid crystal display panel 14 and to perform an
ordinary driving operation in the second to fourth sub-frame.
The lighting timing control section 24A, during every frame
period, makes each of the LED blocks 16a and 165 be turned
ON twice at specified intervals and a lighting frequency is set
to be 120 Hz in the fifth embodiment. The timing control
section 25B outputs control signals “cta” and “ctb” used to
make the H-driver 12 and V-driver 13 operate at a speed being
four times higher than the speed employed in the above third
embodiment.

Thus, in the liquid crystal display device of the fifth
embodiment, as shown in FI1G. 12, lighting frequency of each
of the LED blocks 16a and 165 becomes 120 Hz and, there-
fore, less flicker is visually recognized compared with the
case where the lighting frequency is 60 Hz. Moreover, in the
third sub-frame to fourth sub-frame, no writing to the liquid
crystal is permissible, however, in the first sub-frame to sec-
ond sub-frame, a polarity of a gray-level voltage for writing to
the liquid crystal is inverted.

Sixth Embodiment

FIG. 13 is a block diagram showing electrical configura-
tions of main components of a liquid crystal display device of
a fifth embodiment of the present invention. In the liquid
crystal display device of the sixth embodiment, as shown in
FIG. 13, instead of the driving control circuit 10B, LED driver
15, backlight 16 all shown in FIG. 8, a driving control circuit
10E, LED driver 15A, and a backlight 16A are newly pro-
vided.

FIG. 14 is a diagram showing main components of the
backlight in FIG. 13. The backlight 16 A, as shown in FIG. 14,
is divided into 4 rowsx4 columns and is made up of LED
block 1A, 1B, 1C, 1D, 2A, 2B, 2C, 2D, 3A, 3B, 3C, 3D, 4A,
4B, 4C, and 4D. In the driving control circuit 10E, instead of
the video signal detecting section 21A, video signal convert-
ing section 22, LED luminance converting section 23, and
lighting timing control section 24 shown in FIG. 8, a video
signal detecting section 21D to perform the same operations
as above in a manner to correspond to each LED block of the
LED driver, a video signal converting section 22A, an LED
luminance converting section 23 A, and a lighting timing con-
trol section 24B are provided. The LED driver 15A generates,
based on a control signal “ctv” fed from the lighting timing
control section 24B, driving voltages “dwl, dw2, ..., dw16”
each of which drives each of the LED blocks.

In the liquid crystal display device of the sixth embodi-
ment, instead of the operations performed in a manner to
correspond to each of the LED blocks 164 and 165 in the third
embodiment, operations are performed in a manner to corre-
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spond to each LED block of the LED driver 15A. In this case,
each of the LED blocks of the LED driver 15A gets into an
ON state in the same period and same timing on each line. For
example, the LED blocks 1A, 1B, 1C, and 1D get into an ON
state at the same time, however, a duty for flashing in the ON
state is controlled for each of the LED blocks 1A, 1B, 1C, and
1D. Moreover, the converting video signal “fvr” fed from the
video signal converting section 22A is also output in a manner
to correspond to each LED block of the LED driver 15A.
Thus, more subdivided operations corresponding to each
LED block of the LED driver are performed and, therefore, a
resolution on the display screen is improved.

It is apparent that the present invention is not limited to the
above embodiments but may be changed and modified with-
out departing from the scope and spirit of the invention. For
example, in each of the above embodiments, the H-driver 12
applies, based on the control “cta”, a display signal “Di”
corresponding to the input video signal VD, simultaneously
to each of the data electrodes Xi of the liquid crystal display
panel, however, alternatively, the display signal “Di” may be
applied point-sequentially to each of the data electrodes Xi.
Also, the lighting period of the LED blocks 16a and 1654 in
one time is not limited to 12.5% of the frame period. The
configurations of the liquid crystal display panel in FIG. 1 are
not limited to those shown in FIGS. 2 and 3 and an IPS
(In-Plane-Switching)-type liquid crystal display device may
be used. In all embodiments except the sixth embodiment,
alternatively, the driving may be carried out for every LED
block by using the backlight 16A in FIG. 13. Even if the
backlight 16 is configured not to be divided into a plurality of
LED blocks, similar actions and effects as obtained in each of
the embodiments can be achieved. As the color for the LEDs
of'the backlights 16, 16 A, in addition to R, G, and B, deep red
may be used. In this case, the configurations of the driving
control circuits 10, 10A, 10B, 10C, 10D, and 10E in each of
the above embodiments need to correspond to those of the
backlights 16 and 16A.

Moreover, the present invention in which the backlight is
made up of LEDs can be applied to, for example, liquid
crystal display devices of all types to display moving images
such as a liquid crystal television set.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display panel;

a backlight; and

a driving control unit;

wherein said liquid crystal display panel displays images

corresponding to an input video signal by a driving
operation of each of scanning electrodes and each of
data electrodes by which a specified gray level voltage is
applied to a corresponding pixel region and a response of
aliquid crystal is controlled in the pixel region according
to the applied gray level voltage;

wherein said backlight illuminates the liquid crystal dis-

play panel from its rear side; and

wherein said driving control unit turns off said backlight

during a frame period of said input video signal in which
an upper limit gray level for each of red (R), green (G),
and blue (B) is set until the liquid crystal shows a
response to the application of said specified gray level
voltage in said pixel region and turns on said backlight at
a point of time when the liquid crystal has shown a
response and detects a brightest gray level for each of the
R, G, and B of said input video signal in every frame
period and converts a gray level for each of the R, GG, and
B of said input video signal into a value which is given
by a following equation, whereby the detected brightest
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gray level and the corresponding upper limit gray level
become at a same level, and the gray level voltage cor-
responding to the converted value is applied to the cor-
responding pixel region and, during a lighting period of
said backlight, makes said backlight flash at a duty cor-
responding to a rate of said brightest gray level to the
corresponding upper limit gray level:
a value =[the gray level for each of R, G, and B of the
input video signal]x[the corresponding upper
limit gray level]+[the detected brightest gray

level] (equation).

2. The liquid crystal display device according to claim 1,
wherein the data electrodes of said liquid crystal display
panel are arranged in parallel to one another at specified
intervals along a first direction and the scanning electrodes
are arranged in parallel to one another at specified intervals
along a second direction orthogonal to said first direction and
wherein said backlight comprises a plurality of light source
blocks whose light emitting region is divided into m (“m” is
an integer being 1 or more) portions in said first direction of
said liquid crystal display device and into k (“k” is an integer
being 2 or more) portions in said second direction and
wherein said driving control unit turns on the light source
blocks during a specified period according to aresponse of the
liquid crystal corresponding to the light emitting region of
each of said light source blocks and detects a brightest gray
level for each of the R, G, and B of'said input video signal in
each frame period in a manner to correspond to each of the
light source blocks and converts a gray level of said input
video signal so that the detected brightest gray level and said
upper limit gray level become at a same level and, during a
lighting period of said light source blocks, makes said back-
light flash at a duty corresponding to a rate of said brightest
gray level to said upper limit gray level.

3. The liquid crystal display device according to claim 1,
wherein said backlight comprises LEDs (Light Emitting
Diodes) of, each at least, the R, G, and B.

4. The liquid crystal display device according to claim 1,
wherein said point of time when the liquid crystal has shown
aresponse is set to be a first point of time when approximately
up to 70% of the liquid crystals have shown a response or to
be a second point of time after said first point.

5. The liquid crystal display device according to claim 1,
wherein said driving control unit performs an overdriving
operation to said pixel region in every frame period.

6. The liquid crystal display device according to claim 1,
wherein said driving control unit divides each frame of said
input video signal input at a specified frame frequency into M
(“M” is an integer being 2 or more) pieces of sub-frames
having a sub-frame frequency M times higher than said frame
frequency and performs an overdriving operation on the cor-
responding pixel region in the first sub-frame in every frame
period and performs an ordinary driving operation in the
second and thereafter sub-frames.

7. The liquid crystal display device according to claim 1,
wherein said driving control unit turns on said backlight N
(“N” is an integer being 2 or more) times at specified intervals
in every frame period.

8. A liquid crystal display device comprising:

a liquid crystal display panel;

a backlight; and

a driving control unit;

wherein said liquid crystal display panel displays images

corresponding to an input video signal by a driving
operation of each of scanning electrodes and each of
data electrodes by which a specified gray level voltage is
applied to a corresponding pixel region and a response of
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aliquid crystal is controlled in the pixel region according
to the applied gray level voltage;

wherein said backlight illuminates the liquid crystal dis-
play panel from its rear side; and

wherein said driving control unit turns off said backlight
during a frame period of said input video signal in which
an upper limit gray level for each of red (R), green (G),
and blue (B) is set until the liquid crystal shows a
response to the application of said specified gray level
voltage in said pixel region and turns on said backlight at
a point of time when the liquid crystal has shown a
response and detects an average value of gray levels
within a specified range including the brightest gray
level for each of the R, G, and B of said input video
signal in every frame period in a manner to correspond to
each of the light source blocks and converts a gray level
foreach ofthe R, G, and B of said input video signal into
avalue which is given by a following equation, whereby
the detected average value of gray levels and the corre-
sponding upper limit gray level become at a same level,
and the gray level voltage corresponding to the con-
verted value is applied to the corresponding pixel region
and, during a lighting period of said backlight, makes
said backlight flash at a duty corresponding to a rate of
said average value to the corresponding upper limit gray
level:

a value =[the gray level for each of R, G, and B of the
input video signal]x[the corresponding upper
limit gray level]=[the detected brightest gray

level] (equation).

9. The liquid crystal display device according to claim 8,
wherein the data electrodes of said liquid crystal display
panel are arranged in parallel to one another at specified
intervals along a first direction and the scanning electrodes
are arranged in parallel to one another at specified intervals
along a second direction orthogonal to said first direction and
wherein said backlight comprises a plurality of light source
blocks whose light emitting region is divided into m (“m” is
an integer being 1 or more) portions in said first direction of
said liquid crystal display device and into k (“k” is an integer
being 2 or more) portions in said second direction and
wherein said driving control unit turns on the light source
blocks during a specified period according to aresponse of the
liquid crystal corresponding to a light emitting region of each
of said light source blocks and detects an average value of
gray levels within a specified range including a brightest gray
level for each of the R, G, and B of said input video signal in
every frame period in a manner to correspond to each of said
light source blocks and converts a gray level of said input
video signal so that the detected average value of gray levels
and said upper limit gray levels become at a same level and,
during a lighting period of said backlight, makes said back-
light flash at a duty corresponding to a rate of said average
value to said upper limit gray level.

10. The liquid crystal display device according to claim 8,
wherein an average value of said gray levels is obtained by
detecting gray levels corresponding to pixels within a speci-
fied range and by averaging values resulting from the detec-
tion, using a pixel having the brightest gray level in every
frame period as a reference.

11. The liquid crystal display device according to claim 8,
wherein said backlight comprises LEDs (Light Emitting
Diodes) of, each at least, the R, G, and B.

12. The liquid crystal display device according to claim 8,
wherein said point of time when the liquid crystal has shown
aresponse is set to be a first point of time when approximately
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up to 70% of the liquid crystals have shown a response or to
be a second point of time after said first point.

13. The liquid crystal display device according to claim 8,
wherein said driving control unit performs an overdriving
operation to said pixel region in every frame period.

14. The liquid crystal display device according to claim 8,
wherein said driving control unit divides each frame of said
input video signal input at a specified frame frequency into M
(“M” is an integer being 2 or more) pieces of sub-frames
having a sub-frame frequency M times higher than said frame
frequency and performs an overdriving operation on the cor-
responding pixel region in the first sub-frame in every frame
period and performs an ordinary driving operation in the
second and thereafter sub-frames.

15. The liquid crystal display device according to claim 8,
wherein said driving control unit turns on said backlight N
(“N” is an integer being 2 or more) times at specified intervals
in every frame period.

16. A driving control circuit to be used in a liquid crystal
display device comprising a liquid crystal display panel to
display images corresponding to an input video signal by a
driving operation of each of scanning electrodes and each of
data electrodes by which a specified gray level voltage is
applied to a corresponding pixel region and a response of a
liquid crystal is controlled in the pixel region according to the
applied gray level voltage and a backlight to illuminate the
liquid crystal display panel from its rear side, said driving
control circuit comprising:

components to turn off said backlight during a frame period

of said input video signal in which an upper limit gray
level for each of red (R), green (G), and blue (B) is set
until the liquid crystal shows a response to the applica-
tion of said specified gray level voltage in said pixel
region and to turn on said backlight at a point of time
when the liquid crystal has shown a response and to
detect a brightest gray level for each of the R, G, and B
of said input video signal in the frame period and to
convert a gray level for each of the R, G, and B of said
input video signal into a value which is given by a
following equation, whereby the detected brightest gray
level and the corresponding upper limit gray level
become at a same level, and to apply the gray level
voltage corresponding to the converted value to the cor-
responding pixel region and, during a lighting period of
said backlight, to make said backlight flash at a duty
corresponding to a rate of said brightest gray level to the
corresponding upper limit gray level:

a value =[the gray level for each of R, G, and B of the

input video signal]x[the corresponding upper
limit gray level]x[the detected brightest gray

level] (equation).

17. The driving control circuit according to claim 16,
wherein the data electrodes of said liquid crystal display
panel are arranged in parallel to one another at specified
intervals along a first direction and the scanning electrodes
are arranged in parallel to one another at specified intervals
along a second direction orthogonal to said first direction and
wherein said backlight comprises a plurality of light source
blocks whose light emitting region is divided into m (“m” is
an integer being 1 or more) portions in said first direction of
said liquid crystal display device and into k (“k” is an integer
being 2 or more) portions in said second direction and
wherein said components further turns on the light source
blocks during a specified period according to aresponse of the
liquid crystal corresponding to a light emitting region of each
of said light source blocks and detects a brightest gray level
for each of the R, G, and B of said input video signal in every
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frame period in a manner to correspond to each of said light
source blocks and converts a gray level of said input video
signal so that the detected brightest gray level and said upper
limit gray level become at a same level and, during a lighting
period of said light source blocks, makes said backlight flash
ata duty corresponding to a rate of said brightest gray level to
said upper limit gray level.

18. The driving control circuit according to claim 16,
wherein said driving control circuit comprises one integrated
circuit.

19. A driving control circuit to be used in a liquid crystal
display device comprising a liquid crystal display panel to
display images corresponding to an input video signal by a
driving operation of each of scanning electrodes and each of
data electrodes by which a specified gray level voltage is
applied to a corresponding pixel region and a response of a
liquid crystal is controlled in the pixel region according to the
applied gray level voltage and a backlight to illuminate the
liquid crystal display panel from its rear side, said driving
control circuit comprising:

components to turn off said backlight during a frame period

of said input video signal in which an upper limit gray
level for each of red (R), green (G), and blue (B) is set
until the liquid crystal shows a response to the applica-
tion of said specified gray level voltage in said pixel
region and to turn on said backlight at a point of time
when the liquid crystal has shown a response and to
detect an average value of gray levels within a specified
range including a brightest gray level for each of the R,
G, and B of said input video signal in each frame period
in a manner to correspond to each of said light source
blocks and to convert a gray level for each ofthe R, Gand
B of said input video signal into a value which is given
by a following equation, whereby the detected average
value of gray levels and the corresponding upper limit
gray levels become at a same level, and to apply the gray
level voltage corresponding to the converted value to the
corresponding pixel region and, during a lighting period
of said backlight, to make said backlight flash at a duty
corresponding to a rate of said average value to the
corresponding upper limit gray level:

a value =[the gray level for each of R, G, and B of the
input video signal]x[the corresponding upper
limit gray level]+[the detected brightest gray

level] (equation).

20. The driving control circuit according to claim 19,
wherein the data electrodes of said liquid crystal display
panel are arranged in parallel to one another at specified
intervals along a first direction and the scanning electrodes
are arranged in parallel to one another at specified intervals
along a second direction orthogonal to said first direction and
wherein said backlight comprises a plurality of light source
blocks whose light emitting region is divided into m (“m” is
an integer being 1 or more) portions in said first direction of
said liquid crystal display device and into k (“k” is an integer
being 2 or more) portions in said second direction and
wherein said components turn on the light source blocks
during a specified period according to a response of the liquid
crystal corresponding to a light emitting region of each of'said
light source blocks and detect an average value of gray levels
within a specified range including a brightest gray level for
each of the R, G, and B of said input video signal in every
frame period in a manner to correspond to each of said light
source blocks and convert a gray level of said input video
signal so that the detected average value of gray levels and
said upper limit gray levels become at a same level and,
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during a lighting period of said backlight, make said backlight
flash at a duty corresponding to a rate of said average value to
said upper limit gray level.

21. The driving control circuit according to claim 19,
wherein said driving control circuit comprises one integrated
circuit.

22. A driving method to be used to be used in a liquid
crystal display device comprising a liquid crystal display
panel to display images corresponding to an input video sig-
nal by a driving operation of each of scanning electrodes and
each of data electrodes by which a specified gray level voltage
is applied to a corresponding pixel region and a response of a
liquid crystal is controlled in the pixel region according to the
applied gray level voltage and a backlight to illuminate the
liquid crystal display panel from its rear side, said driving
method comprising:

turning off said backlight during a frame period of said

input video signal in which an upper limit gray level for
each of red (R), green (G), and blue (B) is set until the
liquid crystal shows a response to the application of said
specified gray level voltage in said pixel region, turning
on said backlight at a point of time when the liquid
crystal has shown a response, detecting a brightest gray
level for each of the R, G, and B of said input video
signal in the frame period, converting a gray level for
each of'the R, G, and B of said input video signal into a
value which is given by a following equation, whereby
the detected brightest gray level and the corresponding
upper limit gray level become at a same level, applying
the gray level voltage corresponding to the converted
value to the corresponding pixel region and, during a
lighting period of said backlight, making said backlight
flash at a duty corresponding to a rate of said brightest
gray level to the corresponding upper limit gray level:
a value =[the gray level for each of R, G, and B of the
input video signals]x[the corresponding upper

limit gray level]+[the detected brightest gray

level] (equation).

23. The driving method according to claim 22, wherein the
data electrodes of said liquid crystal display panel are
arranged in parallel to one another at specified intervals along
a first direction and the scanning electrodes are arranged in
parallel to one another at specified intervals along a second
direction orthogonal to said first direction and wherein said
backlight comprises a plurality of light source blocks whose
light emitting region is divided into m (“m” is an integer being
1 or more) portions in said first direction of said liquid crystal
display device and into k (“k” is an integer being 2 or more)
portions in said second direction and wherein said driving
method further comprises steps of turning on the light source
blocks during a specified period according to aresponse of the
liquid crystal corresponding to a light emitting region of each
of'said light source blocks, of detecting a brightest gray level
for each of the R, G, and B of said input video signal in each
frame period in a manner to correspond to each of said light
source blocks, of converting a gray level of said input video
signal so that the detected brightest gray level and said upper
limit gray level become at a same level and, during a lighting
period of said light source blocks, and of making said back-
light flash at a duty corresponding to a rate of said brightest
gray level to said upper limit gray level.

24. A driving method to be used in a liquid crystal display
device comprising a liquid crystal display panel to display
images corresponding to an input video signal by a driving
operation of each of scanning electrodes and each of data
electrodes by which a specified gray level voltage is applied to
a corresponding pixel region and a response of a liquid crystal
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is controlled in the pixel region according to the applied gray
level voltage and a backlight to illuminate the liquid crystal
display panel from its rear side, said driving method compris-
ing:
turning off said backlight during a frame period of said
input video signal in which an upper limit gray level for
each of red (R), green (G), and blue (B) is set until the
liquid crystal shows a response to the application of said
specified gray level voltage in said pixel region, turning
on said backlight at a point of time when the liquid
crystal has shown a response, detecting an average value
of'gray levels within a specified range including a bright-
est gray level for each of the R, G, and B of said input
video signal in every frame period in a manner to corre-
spond to each of said light source blocks, converting a
gray level for each of the R, G, and B of'said input video
signal into a value which is given by a following equa-
tion, whereby the detected average value of gray levels
and the corresponding upper limit gray levels become at
asame level, applying the gray level voltage correspond-
ing to the converted value to the corresponding pixel
region and, during a lighting period of said backlight,
and making said backlight flash at a duty corresponding
to a rate of said average value to the corresponding upper
limit gray level:
a value =[the gray level for each of R, G, and B of the
input video signal]x[the corresponding upper
limit gray level]+[the detected brightest gray

level] (equation).
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25. The driving method according to claim 24, wherein the
data electrodes of said liquid crystal display panel are
arranged in parallel to one another at specified intervals along
a first direction and the scanning electrodes are arranged in
parallel to one another at specified intervals along a second
direction orthogonal to said first direction and wherein said
backlight comprises a plurality of light source blocks whose
light emitting region is divided into m (“m” is an integer being
1 or more) portions in said first direction of said liquid crystal
display device and into k (“k” is an integer being 2 or more)
portions in said second direction and wherein said driving
method comprises steps of turning on the light source blocks
during a specified period according to a response of the liquid
crystal corresponding to a light emitting region of each of said
light source blocks, of detecting an average value of gray
levels within a specified range including a brightest gray level
for each of the R, G, and B of said input video signal in every
frame period in a manner to correspond to each of said light
source blocks, of converting a gray level of said input video
signal so that the detected average value of gray levels and
said upper limit gray levels become at a same level and,
during a lighting period of said backlight, and of making said
backlight flash at a duty corresponding to a rate of said aver-
age value to said upper limit gray level.
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