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LIQUID CRYSTAL DISPLAY DEVICE AND
LIGHT SOURCE CONTROL METHOD

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device as a display device, and a method of controlling a
light source incorporated in the liquid crystal display device.

BACKGROUND ART

[0002] A liquid crystal display device (display device)
equipped with a non-emission type liquid crystal display
panel (display panel) is usually equipped also with a back-
light unit (illumination device) for supplying light to the
liquid crystal display panel. There are various kinds of light
sources for the backlight unit. For instance. in the case of the
backlight unit disclosed in Patent Literature 1, the light source
is a light emitting diode (LED).

[0003] Then, the LED is driven by known pulse width
modulation (PWM) control. In particular, the LED is set to be
turned on and off in time sequence during one frame period
(one vertical period).

[0004] Usually, in the case of a so-called hold-type display
device such as a liquid crystal display device, the same image
is displayed over one frame period of a continuous frame
image. Then, a person continuously views the image without
interruption and may feel an afterimage or a blur.

[0005] Therefore, the liquid crystal display device dis-
closed in Patent Literature 1 is turned on and off in time
sequence in one frame period so that an image of one frame is
displayed in a pseudo-discontinuous manner (this setting of a
light-offtime is referred to as black insertion). In other words,
the liquid crystal display device disclosed in Patent Literature
1 is driven like an impulse-type display device (for example,
a display device equipped with a cathode ray tube (CRT)).
Thus, this liquid crystal display device aims to improve
motion picture performance, for instance.

CITATION LIST
Patent Literature

[0006] [PTL 1] IP 2006-53520 A

SUMMARY OF INVENTION
Technical Problem

[0007] However, when aiming to improve motion picture
performance by the black insertion, the device is more
affected by various characteristics of liquid crystal. For
instance, the liquid crystal display panel changes transmit-
tance for light from the backlight unit by inclination of liquid
crystal molecules to display an image. Therefore, image qual-
ity is easily affected by inclination speed (response speed) of
liquid crystal molecules. Then, depending on the response
speed, an afterimage cannot be eliminated merely by chang-
ing light-on time and light-off time of the LED uniformly, and
further image quality deterioration such as multiple outlines
may occur.

[0008] The present invention has been made to solve the
above-mentioned problem. It is an object ofthe present inven-
tion to provide a liquid crystal display device and the like that
improves image quality by controlling a light source in con-
sideration of characteristics of liquid crystal.
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Solution to Problem

[0009] A liquid crystal display device according to the
present invention includes: a liquid crystal display panel that
displays an image using liquid crystal whose orientation is
changed in response to voltage application; a backlight unit
incorporating a PWM dimming type light source that emits
light to be supplied to the liquid crystal display panel; and a
control unit that controls the liquid crystal display panel and
the backlight unit.

[0010] Intheliquid crystal display device: the liquid crystal
is interposed between two substrates included in the liquid
crystal display panel; and one of the two substrates has one
surface facing the liquid crystal side, on which a first elec-
trode and a second electrode are arranged to be opposed to
each other. Liquid crystal molecules contained in the liquid
crystal are of positive type and are oriented so that a major
axis direction thereof is along a direction perpendicular to the
two substrates when no voltage is applied to the electrodes.
[0011] Further, in the liquid crystal display device, the con-
trol unit obtains response speed data of orientation change of
the liquid crystal molecules in the liquid crystal and changes
a duty factor of a PWM dimming signal according to the
response speed data.

[0012] With this structure, light emission control of the
light source is performed considering the response speed of
the liquid crystal molecules, namely an inclination state of the
liquid crystal molecules. Therefore, in this liquid crystal dis-
play device, it is possible to prevent a malfunction of image
quality (such as multiple outlines) that is apt to occur accord-
ing to an inclination degree of the liquid crystal molecules.
[0013] Note that, it is desired that the control unit have at
least one arbitrary response speed data threshold value, set a
plurality of arbitrary response speed data ranges with respect
to the at least one response speed data threshold value as a
boundary, and change the duty factor for each of the plurality
of response speed data ranges. With this structure, the duty
factor is changed in a multi-step manner, and hence it is
possible to prevent a malfunction of image quality more.
[0014] In particular, it is desired that the duty factor be
changed for the each of the plurality of response speed data
ranges so as to have an opposite relationship to a magnitude
relationship of data values in the plurality of response speed
data ranges.

[0015] Specifically, when the control unit sets two response
speed data ranges with respect to one response speed data
threshold value, it is desired that the control unit perform the
following control. That is, the control unit is configured to:
drive the light source at a duty factor of arbitrary X % or
smaller if the response speed data is contained in higher one
of the two response speed data ranges which is equal to or
larger than the response speed data threshold value; and drive
the light source at a duty factor of more than the arbitrary X %
if the response speed data is contained in lower one of the two
response speed data ranges which is smaller than the response
speed data threshold value. Note that, it is desired that the X
% be 50%.

[0016] With this structure, liquid crystal having relatively
high response speed is supplied with short-time light continu-
ously with a predetermined interval corresponding to a rela-
tively small duty factor. Then, in this case, the liquid crystal
display device performs image display similar to an impulse-
type display device so that the image quality can be improved.
On the other hand, if short-time light is supplied to liquid
crystal having relatively low response speed continuously
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with a predetermined interval, light is supplied to liquid crys-
tal molecules thathave not reached a predetermined angle. As
a result, a malfunction of image quality may occur.

[0017] However, for such liquid crystal having relatively
low response speed, the light source is driven with a relatively
large duty factor in order to prevent a malfunction of image
quality. Therefore, in this liquid crystal display device, image
quality can be improved according to the response speed of
the liquid crystal.

[0018] Further, it is desired that the light source be of PWM
dimming type and be also of current dimming type, and that
the control unit change a current value according to the duty
factor to drive the light source. With this structure, a differ-
ence between luminance corresponding to a duty factor
before the change and luminance corresponding to a duty
factor after the change can be reduced.

[0019] For example, it is desired that the control unit
change the current value of the PWM dimming signal in a
case of driving at a duty factor other than 100%, so that an
integrated amount of light emission in one cycle period of the
PWM dimming signal is equal to an integrated amount of
light emission at a duty factor of 100% in a period corre-
sponding to the one cycle period. With this structure, the
liquid crystal display device can change the duty factor
according to the response speed of the liquid crystal while
maintaining the high luminance, to thereby improve the
image quality.

[0020] Note that, it is desired that the liquid crystal display
device further include a first temperature sensor that measures
temperature of the liquid crystal, and that the control unit
include a storing portion that stores the response speed data of
the liquid crystal molecules depending on liquid crystal tem-
perature and stores at least one piece of the response speed
data as a response speed data threshold value, and associate
temperature data of the first temperature sensor with the lig-
uid crystal temperature to obtain the response speed data.

[0021] By the way, the liquid crystal display device has
various functions for improving image quality. Therefore, it is
desired that the control unit perform setting of the duty factor
corresponding to the functions.

[0022] For example, the control unit includes a histogram
unit that generates a histogram of video data, to thereby
generate histogram data indicating a frequency distribution
for gradation. Then, the control unit divides the entire grada-
tion of the histogram data and judges whether or not occu-
pancy of at least one specific gradation range among divided
gradation ranges exceeds an occupancy threshold value.

[0023] Then, the control unit sets the duty factor in a case
where the occupancy threshold value is exceeded to be higher
than the duty factor in a case where the occupancy threshold
value is not exceeded, and sets the duty factor in the case
where the occupancy threshold value is not exceeded to be
lower than the duty factor in the case where the occupancy
threshold value is exceeded. Alternatively, the control unit
sets the duty factor in the case where the occupancy threshold
value is exceeded to be higher than the duty factor in the case
where the occupancy threshold value is not exceeded, and sets
the duty factor in the case where the occupancy threshold
value is not exceeded to be lower than the duty factor in the
case where the occupancy threshold value is exceeded, and
further changes a current value of the PWM dimming signal
according to the duty factor. With this structure, the duty
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factor is set corresponding to a function of improving image
quality using the histogram data, and hence the image quality
is further improved.

[0024] Note that, it is desired that the liquid crystal display
device further include a first temperature sensor that measures
temperature of the liquid crystal, and that the control unit
include a storing portion that stores the occupancy threshold
value, and change at least one of the specific gradation range
and the occupancy threshold value of the occupancy accord-
ing to temperature data of the first temperature sensor.

[0025] In addition, in the liquid crystal display device
equipped with the liquid crystal display panel described
above, if the duty factor is set corresponding to the function of
improving the image quality using the histogram data, when
the temperature data is 20° C., it is desired that a specific
gradation range be from Oth or larger and 128th or smaller in
the entire gradation range of Oth or larger to 255th or smaller,
and that the occupancy threshold value be 50%.

[0026] Further, the control unitincludes an FRC processing
portion that performs frame rate control processing. Then, it
is desired that the control unit change the duty factor, or the
duty factor and a current value of the PWM dimming signal
according to presence or absence of the frame rate control
processing of the FRC processing portion. With this structure,
the duty factor is set corresponding to ON/OFF of the FRC
processing, and hence image quality is further improved.

[0027] Note that, it is desired that the duty factor in a case
where the frame rate control processing is present be lower
than the duty factor in a case where the frame rate control
processing is absent.

[0028] Further, it is desired that the control unit include a
viewing mode setting portion that switches a viewing mode of
the liquid crystal display panel, and that when the viewing
mode setting portion switches the viewing mode, the control
unit change the duty factor, or the duty factor and a current
value of the PWM dimming signal according to the selected
viewing mode. With this structure, the duty factor is set cor-
responding to the viewing mode, and hence image quality is
further improved.

[0029] Note that, in order to enable the PWM setting (set-
ting of the duty factor and the current value of the PWM
dimming signal) for each viewing mode, when the viewing
mode setting portion sets a high motion picture level viewing
mode and a low motion picture level viewing mode according
to a motion picture level of video data, it is desired that the
duty factor be changed for each of the selected viewing modes
so as to have an opposite relationship to a magnitude relation-
ship of the motion picture level in a plurality of the viewing
modes.

[0030] Further, in order to enable the PWM setting (setting
of the duty factor and the current value of the PWM dimming
signal) for each viewing mode, when the viewing mode set-
ting portion sets a high contrast level viewing mode and a low
contrast level viewing mode according to a contrast level of
video data, it is desired that the duty factor be changed for
each of the selected viewing modes so as to have an opposite
relationship to a magnitude relationship of the contrast level
in a plurality of the viewing modes.

[0031] Further, it is desired that the control unit obtain
external illuminance data and change the duty factor, or the
duty factor and a current value of the PWM dimming signal
according to the external illuminance data. With this struc-
ture, the duty factor is set corresponding to brightness of the
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environment in which the liquid crystal display device is
placed, and hence image quality can be further improved.
[0032] Note that, it is desired that the duty factor be
changed for each of a plurality of the illuminance data ranges
s0 as to have an opposite relationship to a magnitude relation-
ship of'a data value of each of the plurality of illuminance data
ranges.

[0033] Further, it is desired that the liquid crystal display
device further include an illuminance sensor that measures
external illuminance, and that the illuminance data be illumi-
nance measured by the illuminance sensor.

[0034] By the way, it is desired that the control unit syn-
chronize a last timing of one frame period with a last timing
of a high level period of the PWM dimming signal. With this
structure, light is not supplied at an early stage of inclination
of the liquid crystal molecules. In other words, light is not
supplied to liquid crystal molecules that have not reached a
predetermined angle, and as a result, a malfunction of image
quality hardly occurs.

[0035] Further,itis desired that the control unit match a low
level period of the PWM dimming signal with a period of at
least one frame in continuous frames.

[0036] Further, in the liquid crystal display device, a plu-
rality of the light sources are arranged so as to be capable of
supplying light to a part of a surface of the liquid crystal
display panel. Then, it is supposed that the plurality of the
light sources are divided into sections so that one or more
light sources in the divided section are regarded as divided
section of light sources. In this case, it is desired that the
control unit change the duty factor, or the duty factor and the
current value of the PWM dimming signal for each divided
section of light sources.

[0037] With this structure, all the light sources are not con-
trolled entirely. but partial control can be performed so that
power consumption can be reduced. In addition, the duty
factor, or the duty factor and the current value can be changed
locally so that partial light intensity control is realized. There-
fore, a variation of luminance level is reduced so that optimal
image quality can be provided.

[0038] For example, when a number of light sources in the
divided section is plural, it is desired that the divided section
of light sources emit light in a line in a plane of the liquid
crystal display panel, ina block divided regularly in the plane,
or in a part area in the plane.

[0039] Further, it is desired that the control unit have a
function of performing an overdrive of an applied voltage to
the liquid crystal, and change the duty factor, or the duty
factor and a current value of the PWM dimming signal
according to presence or absence of the overdrive. It is
because even this control can realize improvement of image
quality of the liquid crystal display device.

[0040] Note that, in the liquid crystal display device
described above, the liquid crystal is interposed between the
two substrates included in the liquid crystal display panel. On
the one surface of one of the substrates facing the liquid
crystal side, the first electrode and the second electrode are
arranged to be opposed to each other. Then, the liquid crystal
molecules contained in the liquid crystal are of positive type,
and the major axis direction thereof is oriented to be the
direction perpendicular to the two substrates when no voltage
is applied to the electrodes.

[0041] Insuch liquid crystal display device, in particular, a
liquid crystal display device including: a liquid crystal dis-
play panel including liquid crystal whose orientation is
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changed in response to voltage application; and a backlight
unit incorporating a PWM dimming type light source that
emits light to be supplied to the liquid crystal display panel,
the light source is controlled by the following control method.
That is, the control method includes the step of obtaining
response speed data of orientation change of the liquid crystal
molecules in the liquid crystal and changing a duty factor of
a PWM dimming signal according to the response speed data.
[0042] Further, in the liquid crystal display device
described above, in particular, a liquid crystal display device
including: a liquid erystal display panel including liquid crys-
tal whose orientation is changed in response to voltage appli-
cation; a backlight unit incorporating a PWM dimming type
light source that emits light to be supplied to the liquid crystal
display panel; and a control unit that controls the liquid crys-
tal display panel and the backlight unit, the light source is
controlled by the following light source control program.
That 1s, the light source control program causes the control
unit to execute the step of obtaining response speed data of
orientation change of the liquid crystal molecules in the liquid
crystal and changing a duty factor of a PWM dimming signal
according to the response speed data.

[0043] Note that, a computer-readable recording medium
that has the light source control program described above
recorded thereon can be said to be included in the present
invention.

Advantageous Effects of Invention

[0044] According to the present invention, the light source
is controlled to emit light according to the inclination state of
the liquid crystal molecules that controls transmittance of the
liquid crystal display panel. Therefore, it is possible to pre-
vent a malfunction of image quality (such as multiple out-
lines) that is apt to occur according to the inclination degree of
the liquid crystal molecules.

BRIEF DESCRIPTION OF DRAWINGS

[0045] FIG. 1 A block diagram of a liquid crystal display
device.

[0046] FIG. 2 A detailed block diagram of a part extracted
from the block diagram of the liquid crystal display device.
[0047] FIG. 3 A detailed block diagram of a part extracted
from the block diagram of the liquid crystal display device.
[0048] FIG. 4 A partial cross-sectional view of a liquid
crystal display panel.

[0049] FIG. 5 A perspective view indicating orientation of
liquid crystal molecules when no voltage is applied to an
MVA mode (slit type) liquid crystal (in the case of OFF).
[0050] FIG. 6 A perspective view indicating orientation of
liquid crystal molecules when a voltage is applied to the MVA
mode (slit type) liquid crystal (in the case of ON).

[0051] FIG. 7 A perspective view indicating orientation of
liquid crystal molecules when no voltage is applied to an
MVA mode (rib type) liquid crystal (in the case of OFF).
[0052] FIG. 8 A perspective view indicating orientation of
liquid crystal molecules when a voltage is applied to the MVA
mode (rib type) liquid crystal (in the case of ON).

[0053] FIG. 9 A perspective view indicating orientation of
liquid crystal molecules when no voltage is applied to an IPS
mode liquid crystal (in the case of OFF).

[0054] FIG. 10 A perspective view indicating orientation of
liquid crystal molecules when a voltage is applied to the IPS
mode liquid crystal (in the case of ON).
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[0055] FIG. 11 A perspective view illustrating a comb-like
pixel electrode and a comb-like counter electrode.

[0056] FIG. 12A A plan view illustrating a screen of the
liquid crystal display panel displaying a person image.
[0057] FIG. 12B A plan view illustrating a screen of the
liquid crystal display panel displaying a black image and a
white image.

[0058] FIG. 12C A plan view illustrating a screen of the
liquid crystal display panel displaying a black image and a
white image.

[0059] FIG. 12D A plan view illustrating a screen of the
liquid crystal display panel displaying a black image and a
white image.

[0060] FIG. 12E A plan view illustrating a screen of the
liquid crystal display panel displaying a black image and a
white image.

[0061] FIG. 13A A graph illustrating an inclination amount
of liquid crystal molecules, a waveform of a PWM dimming
signal, and a luminance variation with respect to time, when
liquid crystal having relatively low response speed is supplied
with light from an LED driven by a PWM dimming signal
with a duty factor of 1000.

[0062] FIG.13B A graphillustrating an inclination amount
of liquid crystal molecules, a waveform of a PWM dimming
signal, and a luminance variation with respect to time, when
liquid crystal having relatively low response speed is supplied
with light from an LED driven by a PWM dimming signal
with a duty factor of 50%.

[0063] FIG. 13C A graph illustrating an inclination amount
of liquid crystal molecules, a waveform of a PWM dimming
signal, and a luminance variation with respect to time, when
liquid crystal having relatively high response speed is sup-
plied with light from an LED driven by a PWM dimming
signal with a duty factor of 1000.

[0064] FIG. 13D A graph illustrating an inclination amount
of liquid crystal molecules, a waveform of a PWM dimming
Signal, and a luminance variation with respect to time, when
liquid crystal having relatively high response speed is sup-
plied with light from an LED driven by a PWM dimming
signal with a duty factor of 500.

[0065] FIG. 14 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image, and an image diagram of a boundary image (in a case
where the liquid crystal has relatively low response speed,
and the PWM dimming signal has a duty factor of 1000).

[0066] FIG. 15 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image, and an image diagram of a boundary image (in a case
where the liquid crystal has relatively low response speed,
and the PWM dimming signal has a duty factor of 500).

[0067] FIG. 16 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image, and an image diagram of a boundary image (in a case
where the liquid crystal has relatively high response speed,
and the PWM dimming signal has a duty factor of 100%).

[0068] FIG. 17 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image, and an image diagram of a boundary image (in a case
where the liquid crystal has relatively high response speed,
and the PWM dimming signal has a duty factor of 50%).

[0069] FIG. 18 A table showing image quality evaluation
that can be derived from FIGS. 14 to 17.
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[0070] FIG. 19 A table showing a relationship between a
response speed of liquid crystal molecules and a duty factor of
the PWM dimming signal (black insertion ratio).

[0071] FIG. 20 A table showing with arrows a relationship
between a data value at the response speed of the liquid
crystal molecules and a data value at the duty factor of the
PWM dimming signal (black insertion ratio).

[0072] FIG. 21 A table showing with arrows a relationship
between a data value at the response speed of the liquid
crystal molecules and a data value at the duty factor of the
PWM dimming signal (black insertion ratio).

[0073] FIG. 22 A table showing with arrows a relationship
among a data value of liquid crystal temperature, a data value
at the response speed of the liquid crystal molecules, and a
data value at the duty factor of the PWM dimming signal
(black insertion ratio).

[0074] FIG. 23A An explanatory diagram illustrating a
relationship between the luminance and the waveform of the
PWM dimming signal having the same current value (where
the duty factor is 100% and 50%).

[0075] FIG.23B Anexplanatory diagram illustrating a rela-
tionship between the luminance and the waveform of the
PWM dimming signal having a current value adjusted to be
the same luminance as the luminance at the duty factor of
100% illustrated in FIG. 23 A (where the duty factor is 80%).
[0076] FIG.23C Anexplanatory diagram illustrating a rela-
tionship between the luminance and the waveform of the
PWM dimming signal having a current value adjusted to be
the same luminance as the luminance at the duty factor of
100% illustrated in FIG. 23 A (where the duty factor is 60%).
[0077] FIG. 23D An explanatory diagram illustrating a
relationship between the luminance and the waveform of the
PWM dimming signal having a current value adjusted to be
the same luminance as the luminance at the duty factor of
100% illustrated in FIG. 23 A (where the duty factor is 50%).
[0078] FIG. 24 A table showing with arrows a relationship
among a data value of liquid crystal temperature, a data value
at the response speed of the liquid crystal molecules, a data
value at the duty factor of the PWM dimming signal (black
insertion ratio), and a data value at the current value of the
PWM dimming signal.

[0079] FIG. 25 A flowchart in a case where the duty factor
of the PWM dimming signal is set considering that there is
FRC processing.

[0080] FIG. 26 A table showing a relationship between
presence orabsence of the FRC processing and the duty factor
of the PWM dimming signal (black insertion ratio).

[0081] FIG. 27 A flowchart in a case where the duty factor
of the PWM dimming signal is set considering a viewing
mode (change of motion picture level).

[0082] FIG. 28 A table showing a relationship between the
motion picture level and the duty factor ofthe PWM dimming
signal (black insertion ratio).

[0083] FIG. 29 A flowchart in a case where the duty factor
of the PWM dimming signal is set considering the viewing
mode (change of contrast ratio).

[0084] FIG. 30 A table showing a relationship between the
contrast ratio and the duty factor of the PWM dimming signal
(black insertion ratio).

[0085] FIG. 31 A flowchart in a case where the duty factor
of the PWM dimming signal is set considering the viewing
mode (both the motion picture level and the contrast ratio).
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[0086] FIG. 32 A flowchart in a case where the duty factor
of the PWM dimming signal is set considering an environ-
mental support function.

[0087] FIG. 33 A table showing a relationship between
illuminance data that is used for the environmental support
function and the duty factor of the PWM dimming signal
(black insertion ratio).

[0088] FIG. 34 A graph illustrating a relationship between
a gradation value and a response time of the liquid crystal
molecules (in the case of the MVA mode liquid crystal where
liquid crystal temperature is relatively high).

[0089] FIG. 35 A graph illustrating a relationship between
a gradation value and a response time of the liquid crystal
molecules (in the case of the MVA mode liquid crystal where
liquid crystal temperature is relatively low).

[0090] FIG. 36 A flowchart in a case where the duty factor
of the PWM dimming signal is set considering a video signal
support function.

[0091] FIG. 37 A table showing a relationship among occu-
pancy of a specific gradation range used in the video signal
support function, the gradation value, and the duty factor of
the PWM dimming signal (black insertion ratio) (where the
liquid crystal is of the MVA mode).

[0092] FIG. 38 A graph illustrating a relationship between
the gradation value and the response time of the liquid crystal
molecules (in the case where liquid crystal temperature is
relatively high in the IPS mode liquid crystal).

[0093] FIG. 39 A graph illustrating a relationship between
the gradation value and the response time of the liquid crystal
molecules (in the case where liquid crystal temperature is
relatively low in the IPS mode liquid crystal).

[0094] FIG. 40 A flowchart in a case where the duty factor
of the PWM dimming signal is set considering various func-
tions.

[0095] FIG. 41 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image (in the case where the liquid crystal has relatively low
response speed and the PWM dimming signal has a duty
factor of 70%).

[0096] FIG. 42 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image (in the case where the liquid crystal has relatively low
response speed and the PWM dimming signal has a duty
factor 0of 30%).

[0097] FIG. 43 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image (in the case where the liquid crystal has relatively high
response speed and the PWM dimming signal has a duty
factor of 70%).

[0098] FIG. 44 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image (in the case where the liquid crystal has relatively high
response speed and the PWM dimming signal has a duty
factor of 30%).

[0099] FIG. 45 A block diagram of a liquid crystal display
device.

[0100] FIG. 46 A detailed block diagram of a part extracted
from the block diagram of the liquid crystal display device.
[0101] FIG. 47 A detailed block diagram of a part extracted
from the block diagram of the liquid crystal display device.
[0102] FIG. 48A A graph illustrating an inclination amount
of liquid crystal molecules, a waveform of a PWM dimming
signal, and a luminance variation with respect to time, when
liquid crystal having relatively low response speed is supplied
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with light from an LED driven by a PWM dimming signal
having a duty factor of 50% (where a drive frequency of the
PWM dimming signal is 120 Hz).

[0103] FIG. 48B A graph illustrating an inclination amount
of liquid crystal molecules, a waveform of a PWM dimming
signal, and a luminance variation with respect to time, when
liquid crystal having relatively low response speed is supplied
with light from an LED driven by a PWM dimming signal
having a duty factor of 50% (where a drive frequency of the
PWM dimming signal is 480 Hz).

[0104] FIG. 49 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image, and animage diagram of aboundary image (in the case
where the liquid crystal has relatively low response speed,
and the PWM dimming signal has a drive frequency of 480
HZ and a duty factor of 50%)).

[0105] FIG. 50 A table showing a relationship between a
response speed of the liquid crystal molecules and a drive
frequency of the PWM dimming signal.

[0106] FIG. 51 A table showing with arrows a relationship
between a data value at the response speed of the liquid
crystal molecules and a data value at the drive frequency of
the PWM dimming signal.

[0107] FIG. 52 A table showing with arrows a relationship
between a data value at the response speed of the liquid
crystal molecules and a data value at the drive frequency of
the PWM dimming signal.

[0108] FIG. 53 A table showing with arrows a relationship
among a data value at liquid crystal temperature, a data value
at the response speed of the liquid crystal molecules, and a
data value at the drive frequency of the PWM dimming signal.
[0109] FIG. 54 A flowchart in a case where the drive fre-
quency of the PWM dimming signal is set considering that
there is a video signal support function.

[0110] FIG. 55 A table showing a relationship among occu-
pancy of a specific gradation range that is used in the video
signal support function, luminance, the duty factor of the
PWM dimming signal, and the drive frequency of the PWM
dimming signal (where the liquid crystal is of the MVA
mode).

[0111] FIG. 56 A flowchart in a case where the drive fre-
quency of the PWM dimming signal is set considering that
there is FRC processing.

[0112] FIG. 57 A table showing a relationship between
presence or absence of the FRC processing and the drive
frequency of the PWM dimming signal.

[0113] FIG. 58 A flowchart in a case where the drive fre-
quency of the PWM dimming signal is set considering a
viewing mode (change of motion picture level).

[0114] FIG. 59 A table showing a relationship between the
motion picture level and the drive frequency of the PWM
dimming signal.

[0115] FIG. 60 A flowchart in a case where the drive fre-
quency of the PWM dimming signal is set considering the
viewing mode (change of contrast ratio).

[0116] FIG. 61 A table showing a relationship between the
contrast ratio and the drive frequency of the PWM dimming
signal.

[0117] FIG. 62 A flowchart in a case where the drive fre-
quency of the PWM dimming signal is set considering the
viewing mode (both the motion picture level and the contrast
ratio).
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[0118] FIG. 63 A flowchart in a case where the drive fre-
quency of the PWM dimming signal is set considering an
environmental support function.

[0119] FIG. 64 A table showing a relationship between
illuminance data that is used in the environmental support
function and the drive frequency of the PWM dimming sig-
nal.

[0120] FIG. 65 A flowchart in a case where the drive fre-
quency of the PWM dimming signal is set considering vari-
ous functions.

[0121] FIG. 66 A flowchart in a case where the drive fre-
quency of the PWM dimming signal is set considering vari-
ous functions.

[0122] FIG. 67 A signal waveform diagram in which wave-
forms of the PWM dimming signals at 120 Hz, 480 Hz, and 60
Hz are arranged in parallel.

[0123] FIG. 68A A graph illustrating an inclination amount
of liquid crystal molecules, a waveform of a PWM dimming
signal, and a luminance variation with respect to time, when
liquid crystal having relatively low response speed is supplied
with light from an LED driven by a PWM dimming signal
having a duty factor of 50% (where a drive frequency of the
PWM dimming signal is 120 Hz, and a voltage applied to the
liquid crystal is not overdrive).

[0124] FIG. 68B A graph illustrating an inclination amount
of liquid crystal molecules, a waveform of a PWM dimming
signal, and a luminance variation with respect to time, when
liquid crystal having relatively low response speed is supplied
with light from an LED driven by a PWM dimming signal
having a duty factor of 50% (where a drive frequency of the
PWM dimming signal is 120 Hz, and a voltage applied to the
liquid crystal is overdrive).

[0125] FIG. 69 A graph illustrating integrated luminance at
a vicinity of a boundary between a black image and a white
image.

[0126] FIG. 70 An exploded perspective view of a liquid
crystal display device.

[0127] FIG. 71 A plan view illustrating in parallel a liquid
crystal display panel that displays a white image in the middle
and a black image around the white image, and a backlight
unit corresponding to the images of the liquid crystal display
panel.

[0128] FIG. 72 An exploded perspective view of a liquid
crystal display device.

[0129] FIG. 73 A perspective view indicating orientation of
liquid crystal molecules when no voltage is applied to a
VA-IPS mode liquid crystal (in the case of OFF).

[0130] FIG. 74 A perspective view indicating orientation of
liquid crystal molecules when a voltage is applied to the
VA-IPS mode liquid crystal (in the case of ON).

[0131] FIG. 75 A graph illustrating a relationship between
a gradation value and a response time of the liquid crystal
molecules (in the case of the VA-IPS mode liquid crystal
where liquid crystal temperature is relatively high).

[0132] FIG. 76 A graph illustrating a relationship between
a gradation value and a response time of the liquid crystal
molecules (in the case of the VA-IPS mode liquid crystal
where liquid crystal temperature is relatively low).

[0133] FIG. 77 A graph illustrating a relationship between
a gradation value and a response time of the liquid crystal
molecules (in the cases of the MVA mode, IPS mode, and
VA-IPS mode liquid crystals where liquid crystal temperature
is relatively high).
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[0134] FIG. 78 A graph illustrating a relationship between
a gradation value and a response time of the liquid crystal
molecules (in the cases of the MVA mode, IPS mode, and
VA-IPS mode liquid crystals where liquid crystal temperature
is relatively high).

[0135] FIG. 79 A table showing a relationship among occu-
pancy of a specific gradation range that is used in the video
signal support function, the gradation value, and the duty
factor of the PWM dimming signal (black insertion ratio)
(where the liquid crystal is of the VA-TPS mode).

[0136] FIG. 80 A table showing a relationship among occu-
pancy of the specific gradation range that is used in the video
signal support function, luminance, the duty factor of the
PWM dimming signal, and the drive frequency of the PWM
dimming signal (where the liquid crystal is of the VA-IPS
mode).

DESCRIPTION OF EMBODIMENTS
First Embodiment

[0137] Embodiments are described below with reference to
the drawings. Note that, symbols of some members are omit-
ted for convenience sake, and other diagram should be
referred to in such case. In addition, a symbol indicating a
signal type may be attached to an arrow indicating propaga-
tion of signal, and the arrow does not mean propagation of
only the signal type. In addition, a flowchart illustrating
action steps is an example and is not limited to only the flow
of action.

[0138] Inaddition, numerical examples and graphs that are
described herein are merely examples, and are not limited to
the values and graph lines. Note that, hereinafter, a liquid
crystal display device is described as an example of a display
device, but the present invention is not limited thereto. The
display device may be other type of display device.

[0139] <In Regard to Liquid Crystal Display Device>
[0140] FIGS.1 to 3 are block diagrams illustrating various
members concerning a liquid crystal display device 90 (note
that, FIGS. 2 and 3 are detailed block diagrams of parts
extracted from FIG. 1). As illustrated in FIG. 1, the liquid
crystal display device 90 includes a liquid crystal display
panel 60, a backlight unit 70, a gate driver 81, a source driver
82, a panel thermistor 83, an environmental illuminance sen-
sor 84, an LED driver 85, an LED thermistor 86, an LED
luminance sensor 87, and a control unit 1.

[0141] Inthe liquid crystal display panel 60, liquid crystal
61 (liquid crystal molecules 61M) is sandwiched between an
active matrix substrate 62 and a counter substrate 63 (see FIG.
4 to be referred to later), and the liquid crystal 61 is sealed
using a sealing member (not shown). Note that, on the active
matrix substrate 62, gate signal lines and source signal lines
are arranged to cross each other, and further at intersections of
the signal lines, there are disposed switching elements (for
example, thin film transistors) for adjusting an applied volt-
age to the liquid crystal 61.

[0142] The back light unit 70 include, for example, light
sources (light emitting elements) such as light emitting
diodes (LEDs) 71 as illustrated in FIG. 1. Light from the
LEDs 71 is supplied to the non-emission type liquid crystal
display panel 60. Then, in the liquid crystal display device 90,
orientation of the liquid crystal molecules 61M is adjusted
according to the applied voltage, and hence transmittance of
the liquid crystal 61 is partially changed (namely, light inten-
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sity of light transmitted to the outside from the backlight unit
70 is changed). Thus, a displayed image is changed.

[0143] Note that, there are various types of LEDs 71
included in the backlight unit 70. Examples of the LEDs 71
include LEDs that emit white color light, red color light,
green color light, or blue color light.

[0144] However, in a case of the LED 71 that emits white
color light, because all the LEDs 71 of the backlight unit 70
are the white color emission type, the backlight has also white
color. Note that, there are various methods of generating
white color. For instance, the LED 71 may include a red color
LED chip, a green color LED chip, and a blue color LED chip
s0 as to generate white color as the mixed color. Alternatively,
the LED 71 may use fluorescent light emission to generate
white color.

[0145] On the contrary, in a case of the LED 71 that emits
light other than white color light, because the white color
backlight is generated as the mixed color, the LEDs 71
included in the backlight unit 70 are red color emission type
LEDs 71, green color emission type LEDs 71, and blue color
emission type LEDs 71.

[0146] Note that, the arrangement of the LEDs 71 is not
limited regardless of the type of the LEDs 71. An example of
the arrangement is a matrix arrangement as illustrated in FIG.
1. In addition, the LED 71 is driven by known pulse width
modulation (PWM) control.

[0147] The gate driver 81 is a driver that supplies the gate
signal lines of the liquid crystal display panel 60 with a gate
signal G-TS as a control signal (timing signal) for the switch-
ing elements. Note that, the gate signal G-TS is generated by
the control unit 1.

[0148] The source driver 82 is a driver that supplies the
source signal lines of the liquid crystal display panel 60 with
a write signal for the pixel as an example of image data (LCD
video signal VD-Sp'[led] or LCD video signal VD-Sp[led] to
be described later in detail). Specifically, the source driver 82
supplies the write signal to the source signal lines based on a
timing signal S-TS generated by the control unit 1 (note that,
the write signal and the timing signal S-TS are generated by
the control unit 1).

[0149] Thepanel thermistor (first temperature sensor) 83 is
a temperature sensor that measures temperature of the liquid
crystal display panel 60, specifically, temperature of the lig-
uid crystal 61 included in the liquid crystal display panel 60.
Details of use of this panel thermistor 83 are described later.

[0150] The environmental illuminance sensor 84 is a pho-
tometric sensor that measures illuminance of the environment
in which the liquid crystal display device 90 is placed. Details
of use of this environmental illuminance sensor 84 are
described later.

[0151] The LED driver 85 supplies a control signal for the
LED (VD-Sd'[W-A]) to the LED 71 based on a timing signal
(L-TS) generated by the control unit 1 (note that, the control
signal for the LED 71 is generated by the control unit 1).
Specifically, the LED driver 85 controls lighting of the LED
71 in the backlight unit 70 based on signals from an LED
controller 30 (PWM dimming signal VD-Sd'[W-]A and tim-
ing signal L-TS).

[0152] The LED thermistor 86 is a temperature sensor that
measures temperature of the LED 71 incorporated in the
backlight unit 70. Details of use of this LED thermistor 86 are
described later.
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[0153] TheLED luminance sensor 87 is a photometric sen-
sor that measures luminance of the LED 71. Details of use of
this LED luminance sensor 87 are described later.

[0154] <In Regard to Control Unit>

[0155] Thecontrol unit 1 is a control unit that generates the
above-mentioned various signals and includes a main micro-
computer 51, a video signal processing portion 10, a liquid
crystal display panel controller (LCD controller) 20, and the
LED controller 30.

[0156] <<Main Microcomputer>>

[0157] The main microcomputer 51 performs various con-
trols concerning the video signal processing portion 10, the
liquid crystal display panel controller 20, and the LED con-
troller 30 included in the control unit 1 (note that, the main
microcomputer 51 and the LED controller 30 controlled by
the main microcomputer 51 may be referred to generically as
microcomputer unit 50).

[0158] <<Video Signal Processing Portion>>

[0159] The video signal processing portion 10 includes, as
illustrated in FIG. 2, a timing adjusting portion 11, a histo-
gram processing portion 12, a calculation processing portion
13, a duty factor setting portion 14, a current value setting
portion 15, a viewing mode setting portion 16, and a memory
17.

[0160] The timing adjusting portion 11 receives an initial
image signal (initial image signal F-VD) from an external
signal source. The initial image signal F-VD is, for example,
a television signal containing a video signal and a synchro-
nizing signal that synchronizes with the video signal (note
that, the video signal consists of a red color video signal, a
green color video signal, a blue color video signal, and a
luminance signal, for example).

[0161] Therefore, the timing adjusting portion 11 gener-
ates, from the synchronizing signal, new synchronizing sig-
nals necessary for image display of the liquid crystal display
panel 60 (clock signal CLK, vertical synchronizing signal
VS, horizontal synchronizing signal HS, and the like). Then,
the timing adjusting portion 11 transmits the generated new
synchronizing signals to the liquid crystal display panel con-
troller 20 and the microcomputer unit 50 (see FIGS. 1 and 2).

[0162] The histogram processing portion 12 receives the
initial image signal F-VD and generates a histogram of the
video signal (video data) included in the initial image signal
F-VD. Specifically, the histogram processing portion 12
obtains a frequency distribution of each gradation in the ini-
tial image signal F-VD for each frame.

[0163] However, the data from which a histogram is gen-
erated is not limited to the initial image signal F-VD. For
instance, a histogram may be generated from a separator LED
signal VD-S8d, a separator LCD signal VD-Sp, the LCD video
signal VD-Spl[led], or the LCD video signal VD-Sp'[led] sub-
jected to frame rate control processing, which are described
later (in other words, a histogram can be generated from those
various video signals (video data)). Note that, data of the
histogram is referred to as histogram data HGM. Then, the
histogram data HGM is transmitted to the calculation pro-
cessing portion 13 by the histogram processing portion 12.

[0164] The calculation processing portion 13 receives the
initial image signal F-VD and splits the initial image signal
F-VD into a signal suitable for driving the backlight unit 70
(specifically, the LED 71) and a signal suitable for driving the
liquid crystal display panel 60. Then, the calculation process-
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ing portion 13 transmits the separator LED signal VD-Sd
suitable for the LED 71 in the initial image signal F-VD to the
duty factor setting portion 14.

[0165] In addition, the calculation processing portion 13
corrects the separator LCD signal VD-Sp suitable for the
liquid crystal display panel 60 in the initial image signal
F-VD and then transmits the corrected signal to the liquid
crystal display panel controller 20. Note that, this correction
processing is performed considering a control signal for the
LED 71 to be described later (PWM dimming signal VD-Sd
[W-A]) (the corrected separator LED signal VD-Sp is the
LCD video signal VD-Sp[led]).

[0166] In addition, the calculation processing portion 13
may transmit the separator LCD signal VD-Sp to the histo-
gram processing portion 12 to generate a histogram there-
from.

[0167] Further, the calculation processing portion 13 uses
the histogram data HGM to determine at least one of histo-
gram data HGM [S] of an average signal level (ASL) and
histogram data HGM[L] of an average luminance level
(ALL).

[0168] In other words, the calculation processing portion
13 can determine the histogram data HGM of at least one of
the average signal level ASL and the average luminance level
ALL from the initial image signal F-VD, the separator LED
signal VD-8d, the separator LCD signal VD-Sp, the LCD
video signal VD-Sp [led], or the LCD video signal VD-Sp'
[led], and further transmits the determined histogram data
HGM to the duty factor setting portion 14.

[0169] In addition, the calculation processing portion 13
can determine at least one of an average value of the average
signal level ASL and an average value of the average lumi-
nance level ALL, and further transmits the resultant to the
duty factor setting portion 14. Note that, the histogram pro-
cessing portion 12 and the calculation processing portion 13
perform various kinds of processing concerning the various
pieces of histogram data HGM, and hence are referred to as
histogram unit 18.

[0170] The duty factor setting portion 14 receives the sepa-
rator LED signal VD-Sd. Further, the duty factor setting por-
tion 14 receives the histogram data HGM from the calculation
processing portion 13. In addition, the duty factor setting
portion 14 receives a signal (memory data DM) from the
memory 17 to be described later, and also receives at least one
signal of the viewing mode setting portion 16, the panel
thermistor 83, the LED controller 30 (specifically, FRC pro-
cessing portion 21 to be described later), and the environmen-
tal illuminance sensor 84.

[0171] Then, the duty factor setting portion 14 generates a
PWM dimming signal suitable for controlling the LED 71
from at least one of those signals and the separator LED signal
VD-Sd (details are described later). Specifically, the duty
factor setting portion 14 sets the duty factor of the PWM
dimming signal (note that, the PWM dimming signal whose
duty factor has been set by the duty factor setting portion 14
is referred to as PWM dimming signal VD-Sd [W]).

[0172] Note that, the duty factor is a ratio of a period of
lighting the LED 71 in one cycle of the PWM dimming signal
(AC signal). In other words, if the duty factor is 100%, it
means that the LED 71 is lit continuously during one cycle
(on the contrary, if the duty factor is 60%, the LED 71 is offin
a period of 40% of the cycle).

[0173] The current value setting portion 15 receives the
PWM dimming signal VD-Sd[W] from the duty factor setting
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portion 14, and changes a current value of the PWM dimming
signal VD-SA[W]. Details of this changing of the current
value are described later. Note that, the PWM dimming signal
VD-Sd [W] whose current value has been set appropriately is
referred to as PWM dimming signal VD-Sd[W-A]. Then, this
PWM dimming signal VD-Sd [W-]A is transmitted by the
current value setting portion 15 to the microcomputer unit 50
(specifically, the LED controller 30) and is also transmitted to
the calculation processing portion 13.

[0174] The viewing mode setting portion 16 determines a
display form of an image (viewing mode), depending on the
type of an image displayed on the liquid crystal display panel
60, the environment where the liquid crystal display device 90
is placed, or the preference of the viewer (desired contrast
ratio or the like). The viewing mode setting portion 16 can set
the viewing mode as described below, for example.

[0175] Sports Mode, which is a viewing mode suitable for
displaying an image with fast movement, such as a football
player, that is, a viewing mode with a relatively high motion
picture level.

[0176] Natural Mode, which is a viewing mode suitable for
displaying an image with slow movement, such as in a news
program, that is, a viewing mode with a relatively low motion
picture level.

[0177] Dynamic Mode, which is a viewing mode in which
a contrast between a white image and a black image is
enhanced, that is, a viewing mode for relatively increasing the
contrast level.

[0178] Cinema Mode, which is a viewing mode in which a
contrast between a white image and a black image is not
enhanced, that is, a viewing mode for relatively decreasing
the contrast level.

[0179] Standard Mode, which is an intermediate viewing
mode between Dynamic Mode and Cinema Mode.

[0180] Note that, in view of those viewing modes, in par-
ticular, Sports Mode and Natural Mode, the viewing mode
setting portion 16 can set a high motion picture level viewing
mode or a low motion picture level viewing mode depending
on the motion picture level of the video signal (video data),
(note that, the setting is not limited to the two-step level
setting).

[0181] Further, in view of Dynamic Mode, Standard Mode,
and Cinema Mode, the viewing mode setting portion 16 can
set a high contrast level viewing mode, an intermediate con-
trast level viewing mode, or a low contrast level viewing
mode depending on the contrast level of the video signal
(video data) (note that, the setting is not limited to the three-
step level setting).

[0182] Thememory (storing portion) 17 stores various data
tables, various threshold data (threshold values), and the like
that are necessary for setting the duty factor by the duty factor
setting portion 14. To give an example, the memory 17 stores
a temperature-speed data table in which temperature of the
panel thermistor 83 and response speed Vr of the liquid crys-
tal molecules 61M are associated to each other. Further, the
memory 17 stores a certain response speed Vr in the tempera-
ture-speed data table as a threshold value (response speed
data threshold value). Note that, the number of the threshold
values may be one or more.

[0183] Inaddition, the memory 17 stores a threshold value
(gradation threshold value data) for dividing all gradations in
the histogram data HGM generated by the average signal
level ASL or the average luminance level ALL. In other
words, the histogram data HGM is divided into at least two or
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more gradation ranges by the gradation threshold value. Fur-
ther, the memory 17 stores a threshold value (occupancy
threshold value) for judging whether occupancy of a specific
gradation range in the histogram data HGM (at least one
divided gradation range) is larger than a predetermined value
or not.

[0184] <<LCD Controller>>

[0185] The LCD controller 20 includes the frame rate con-
trol processing (FRC processing portion) 21 and a gate/
source driver control portion (G/S control portion) 22.
[0186] The FRC processing portion 21 receives the LCD
video signal VD-Sp[led] transmitted from the video signal
processing portion 10 (specifically, the calculation process-
ing portion 13). Then, the FRC processing portion 21 per-
forms FRC processing of switching the frame rate of the LCD
video signal VD-Sp[led] at high speed in order to display the
image in a pseudo manner by an afterimage effect (note that,
the LCD video signal VD-Sp[led] after the FRC processing is
the LCD video signal VD-Sp'[led]).

[0187] Note that, the FRC processing portion 21 can switch
between ON and OFF. Therefore, when the FRC processing
portion 21 is performing the FRC processing for realizing
double speed, if the LCD video signal VD-Sp' [led] is at 120
Hz, the LCD video signal VD-Sp[led] is at 60 Hz (the signals
can be regarded as frame frequencies).

[0188] Then, the FRC processing portion 21 transmits the
LCD video signal VD-Sp' [led] after the FRC processing or
the LCD video signal VD-Sp[led] without the FRC process-
ing to the source driver (see FIG. 1).

[0189] The G/S control portion 22 generates timing signals
for controlling the gate driver 81 and the source driver 82 from
the clock signal CLK, the vertical synchronizing signal VS,
the horizontal synchronizing signal HS, and the like that are
transmitted from the video signal processing portion 10 (spe-
cifically, the timing adjusting portion 11) (note that, the tim-
ing signal corresponding to the gate driver 81 is the timing
signal G-TS, and the timing signal corresponding to the
source driver 82 is the timing signal S-TS). Then, the G/S
control portion 22 transmits the timing signal G-TS to the gate
driver 81 and transmits the timing signal S-TS to the source
driver 82 (see FIG. 1).

[0190] In other words, the LCD controller 20 transmits the
LCD video signal VD-Sp' [led] (or LCD video signal VD-Sp
[led]) and the timing signal S-TS to the source driver 82, and
transmits the timing signal G-TS to the gate driver 81. Then,
the source driver 82 and the gate driver 81 control animage on
the liquid crystal display panel 60 using both the timing
signals G-TS and S-TS.

[0191] <<LED Controller>>

[0192] The LED controller 30 transmits various control
signals to the LED driver 85 under control of the main micro-
computer 51. Further, this LED controller 30 includes, as
illustrated in FIG. 3, an LED controller setting register group
31, an LED driver control portion 32, a serial to parallel
conversion portion (S/P conversion portion) 33, an individual
variation correction portion 34, a memory 35, a temperature
correction portion 36, a time-deterioration correction portion
37, and a parallel to serial conversion portion (P/S conversion
portion) 38.

[0193] The LED controller setting register group 31 tem-
porarily stores the various control signals from the main
microcomputer 51. In other words, the main microcomputer
51 controls the various members inside the LED controller 30
via the LED controller setting register group 31.
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[0194] The LED driver control portion 32 transmits the
PWM dimming signal VD-Sd [W-]A from the video signal
processing portion 10 (specifically, the current value setting
portion 15) to the S/P conversion portion 33. In addition, the
LED driver control portion 32 generates a lighting timing
signal L-TS for the LED 71 based on the synchronizing
signals (clock signal CLK, vertical synchronizing signal VS,
horizontal synchronizing signal HS, and the like) from the
video signal processing portion 10, and transmits the gener-
ated signal to the LED driver 85.

[0195] The S/P conversion portion 33 converts the PWM
dimming signal VD-Sd [W-A], which is transmitted from the
LED driver control portion 32 in the form of serial data, into
parallel data.

[0196] The individual variation correction portion 34
checks individual performances of the LEDs 71 in advance
and performs correction for eliminating individual errors. For
instance, luminance of the LED 71 is measured in advance by
a specific PWM dimming signal value. Specifically, for
example, the LED chip of red color light emission, the LED
chip of green color light emission, and the LED chip of blue
color light emission of each LED 71 are liton, and the specific
PWM dimming signal value corresponding to each LED chip
is corrected so that white color light having desired tint can be
generated.

[0197] Next, a plurality of the LEDs 71 are lit on, and the
PWM dimming signal value corresponding to each LED 71
(each LED chip) is further corrected so as to eliminate lumi-
nance unevenness as planar light. Thus, the individual differ-
ences of the plurality of LEDs 71 (individual variation of
luminance, and by extension luminance unevenness of the
planar light) can be corrected.

[0198] Note that, there are various ways of the correction
processing, but correction processing using an ordinary
lookup table (LUT) is adopted. In other words, the individual
variation correction portion 34 performs the correction pro-
cessing with an individual variation LUT of the LEDs 71
stored in the memory 35.

[0199] The memory 35 stores the individual variation LUT
of the LEDs 71 as described above, for example. In addition,
the memory 35 also stores the LUT that is necessary for the
temperature correction portion 36 and the time-deterioration
correction portion 37 provided at subsequent stages of the
individual variation correction portion 34.

[0200] The temperature correction portion 36 performs
correction considering a luminance decrease of the LED 71
due to a temperature increase accompanying light emission of
the LED 71. For instance, the temperature correction portion
36 obtains temperature data of the LED 71 (namely, the LED
chip of each color) with the LED thermistor 86 once every
second, and obtains the LUT corresponding to the tempera-
ture data from the memory 35. Then, the temperature correc-
tion portion 36 performs correction processing of suppressing
the luminance unevenness of the planar light (namely, change
of the PWM dimming signal value corresponding to the LED
chip).

[0201] The time-deterioration correction portion 37 per-
forms correction considering a luminance decrease of the
LED 71 due to time-deterioration of the LED 71. For
instance, the time-deterioration correction portion 37 obtains
luminance data of the LED 71 (namely, the LED chip of each
color) with the LED luminance sensor 87 once every year, and
obtains the LUT corresponding to the luminance data from
the memory 35. Then, the time-deterioration correction por-
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tion 37 performs correction processing of suppressing lumi-
nance unevenness of the planar light (namely, change of the
PWM dimming signal value corresponding to the LED chip
of each color).

[0202] The P/S conversion portion 38 converts the PWM
dimming signal after various kinds of correction processing
transmitted as the parallel data (the PWM dimming signal
after the correction processing by the LED controller 30 is the
PWM dimming signal VD-Sd'[W-A]) into serial data, and
transmits the converted data to the LED driver 85. Then, the
LED driver 85 controls lighting of the LED 71 in the backlight
unit 70 based on the PWM dimming signal VD-Sd'[W-]A and
the timing signal L-TS.

<In Regard to PWM Dimming Signal for Light Emission
Control of LED>

[0203] Here, the PWM dimming signal VD-Sd[W] for con-
trolling light emission of the LED 71 is described. The duty
factor of the PWM dimming signal VD-Sd[W] is changed
according to the response speed Vr of the orientation change
of the liquid crystal molecules 61M (note that, considering
not only the response speed Vr but also various correction
results by the LED controller 30 and the like, the duty factor
ofthe PWM dimming signal that is directly input to the LED
22 is set to be a desired value).

[0204] <<Response Speed of Liquid Crystal Molecules>>
[0205] Now, first, the response speed Vr of the liquid crystal
molecules 61M is described with reference to FIGS. 4 to 8.
FIG. 4 is a partial cross-sectional view of the liquid crystal
display panel 60. As illustrated in the figure, in the liquid
crystal display panel 60, the active matrix substrate 62 on
which switching elements such as thin film transistors (not
shown) and pixel electrodes 65P are arranged and the counter
substrate 63 on which counter electrodes 65Q are arranged
and which is opposed to the active matrix substrate 62 are
bonded to each other via a sealing member (not shown). Then,
the liquid crystal 61 is sealed in a gap between the substrates
62 and 63 (specifically, between the electrodes 65P and 65Q)).
[0206] In addition, in the liquid crystal display panel 60,
polarizing films 64P and 64Q are attached to sandwich the
active matrix substrate 62 and the counter substrate 63. Then,
the polarizing film 64P transmits specific polarized light of
backlight BL, from the backlight unit 70 and guides the light
to the liquid crystal (liquid crystal layer) 61. The polarizing
film 64Q transmits specific polarized light of light passing
through the liquid crystal layer 61 and guides the light to the
outside.

[0207] However, the light passing through the liquid crystal
display panel 60 is affected, during the passing, by the orien-
tation of the liquid crystal molecules 61M corresponding to
voltage application, namely the inclination of the liquid crys-
tal molecules 61M. Specifically, intensity of externally trans-
mitting light changes according to a change of transmittance
of the liquid crystal display panel 60 due to the inclination of
the liquid crystal molecules 61M. Therefore, the liquid crys-
tal display panel 60 displays an image utilizing the change in
transmittance due to the inclination of the liquid crystal mol-
ecules 61M corresponding to the voltage application.

[0208] The liquid crystal display panel 60 is supposed to
have various modes. For instance, there are a twist nematic
(TN) mode, a vertical alignment (VA) mode, an in-plane
switching (IPS) mode, and an optically compensated bend
(OCB) mode. However, in any mode, the intensity of light
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entering the liquid crystal 61 is changed by the orientation of
the liquid crystal molecules 61M.

[0209] (MVA Mode)

[0210] For instance, a multi-domain vertical alignment
(MVA) mode as one type of the VA mode is described below
with reference to FIGS. 5 and 6 (note that, in the figures and
FIGS. 7 to 10 to be referred to later, an arrow formed of a
dotted dashed line means light).

[0211] The liquid crystal 61 including the liquid crystal
molecules 61M illustrated in FIGS. 5 and 6 is a negative type
liquid crystal having negative dielectric anisotropy. Further,
on one surface of the active matrix substrate 62 facing the
liquid crystal 61, the pixel electrodes (first electrodes/second
electrodes) 65P are formed. On one surface of the counter
substrate 63 facing the liquid crystal 61, the counter elec-
trodes (second electrodes/first electrodes) 65Q are formed.
[0212] In addition, the pixel electrode 65P has slits 66P
(first slits/second slits) formed therein, and the counter elec-
trode 65Q also has slits 66Q (second slits/first slits) formed
therein (note that, the slits 66P and the slits 66Q have the same
direction). However, the slit 66P and the slit 66Q are not
opposed to each other along the direction in which the elec-
trodes 65P and 65Q are arranged in parallel (for example, in
the direction perpendicular to the substrates 62 and 63), but
are shifted from each other.

[0213] Further, if no voltage is applied between the pixel
electrode 65P and the counter electrode 65Q (in the case of
OFF), as illustrated in FIG. 5, the major axis direction of the
liquid crystal molecules 61M is oriented to be along the
direction perpendicular to the substrates 62 and 63 (for
example, the orientation film material (not shown) having an
orientation regulating force is applied to the electrodes 65P
and 65Q so that initial orientation in no electric field is
designed).

[0214] Then, if the polarizing film 64P and the polarizing
film 64Q are in cross-Nicol arrangement, the backlight BL
that has passed through the active matrix substrate 62 does not
exit to the outside (namely, the liquid crystal display panel 60
is in a normally black mode).

[0215] Ontheotherhand, if a voltage is applied between the
pixel electrode 65P and the counter electrode 65Q (in the case
of ON), the liquid crystal molecules 6 1M tend to incline along
the direction of the electric field generated between the elec-
trodes 65P and 65Q. However, this electric field direction is
not along the direction perpendicular to the substrates 62 and
63 (direction in which the substrates 62 and 63 are arranged in
parallel) but is inclined. It is because the slit 66P formed in the
pixel electrode 65P and the slit 66Q formed in the counter
electrode 65Q) cause a distortion in the electric field so that a
diagonal electric field is formed.

[0216] Further, the negative type liquid crystal molecules
61M are inclined as illustrated in FIG. 6 so that the minor axis
direction thereof is along the electric field direction (see elec-
tric flux lines illustrated in FIG. 6 with double dotted dashed
lines). In other words, if no voltage is applied to the electrodes
65P and 65Q), the negative type liquid crystal molecules 61M
in the liquid crystal display panel 60 cause the major axis
direction thereof to be along the direction perpendicular to the
two substrates 62 and 63 (to be homeotropic orientation). On
the other hand, if a voltage is applied to the electrodes 65P and
65Q, the major axis direction of the liquid crystal molecules
61M crosses the direction of the electric field between the
electrodes 65P and 65Q. Then, a part of the backlight BL that
has passed through the active matrix substrate 62 exits to the
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outside as light along a transmission axis of the polarizing
film 64Q due to the inclination of the liquid crystal molecules
61M.

[0217] Note that, the liquid crystal display panel 60 in the
MVA mode is not limited to the type as illustrated in FIGS. 5
and 6 (referred to as slit type MVA mode), namely, the type
causing the diagonal electric field using the slits 66 P and 66Q.
For instance, as illustrated in FIGS. 7 and 8, there is an MVA
mode in which ribs 67P and 67Q are used instead of the slits
66P and 66Q (this MVA mode is referred to as rib type).
[0218] Specifically, in this liquid crystal display panel 60,
ribs 67P (first ribs/second ribs) are formed on the pixel elec-
trode 65P, and ribs 67Q (second ribs/first ribs) are formed on
the counter electrode 65Q (note that, the ribs 67P and the ribs
67Q are formed in the same direction). Further, the tib 67P
and the rib 67Q are not opposed to each other along the
direction in which the electrodes 65P and 65Q) are arranged in
parallel (direction perpendicular to the two substrates 62 and
63), but are shifted from each other.

[0219] Further, the rib 67P has a shape like a triangular
prism for example, and is arranged so that one side surface
faces the electrode 65P while another side surface contacts
with the liquid crystal 61. In the same manner, the rib 67Q has
ashape like a triangular prism for example, and is arranged so
that one side surface faces the electrode 65Q while another
side surface contacts with the liquid crystal 61 (note that, the
side surface of the rib 67 contacting with the liquid crystal 60
is referred to as slant surface).

[0220] Then, if no voltage is applied between the pixel
electrode 65P and the counter electrode 65Q (in the case of
OFF), as illustrated in FIG. 7, the major axis direction of the
liquid crystal molecules 61M is oriented to be along the
direction perpendicular to the substrates 62 and 63 (for
example, the orientation film material (not shown) having an
orientation regulating force is applied to the pixel electrode
65P and the rib 67P, and to the counter electrode 65Q and the
rib 67Q so that initial orientation in no electric field is
designed). However, the liquid crystal molecules 61M facing
the slant surfaces of the ribs 67P and 67Q are inclined to the
direction perpendicular to the substrates 62 and 63 (thickness
direction of the substrates 62 and 63).

[0221] However, most of the liquid crystal molecules 61M
are along the direction perpendicular to the substrates 62 and
63, and hence if the polarizing film 64P and the polarizing
film 64Q are in cross-Nicol arrangement, the backlight BL
that has passed through the active matrix substrate 62 does not
exit to the outside.

[0222] Ontheotherhand, ifa voltageis applied between the
pixel electrode 65P and the counter electrode 65Q (in the case
of ON), the liquid crystal molecules 61M tend to incline along
the direction of the electric field generated between the elec-
trodes 65P and 65Q. However, this electric field direction is
not along the direction perpendicular to the substrates 62 and
63 but is inclined. It is because the rib 6 7P formed on the pixel
electrode 65P and the rib 67Q formed on the counter electrode
65Q cause a distortion in the electric field so that a diagonal
electric field (see double dotted dashed lines in FIG. 8) is
formed.

[0223] In addition, because the liquid crystal molecules
61M on the slant surfaces of the ribs 67P and 67Q are
inclined, other liquid crystal molecules 61M are apt to be
inclined diagonally along the electric field direction. As a
result, as illustrated in FIG. 8, the liquid crystal molecules
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61M are inclined so that the minor axis direction thereof is
along the electric field direction.

[0224] In other words, if no voltage is applied to the elec-
trodes 65P and 65Q), most of the negative type liquid crystal
molecules 61M (most of the liquid crystal molecules 61M not
facing theribs 67P and 67Q) in the liquid crystal display panel
60 cause the major axis direction thereof to be along the
direction perpendicular to the two substrates 62 and 63. On
the other hand, if a voltage is applied to the electrodes 65P and
65Q, the major axis direction of the liquid crystal molecules
61M crosses the direction of the electric field between the
electrodes 65P and 65Q. Then, a part of the backlight BL that
has passed through the active matrix substrate 62 exits to the
outside as light along a transmission axis of the polarizing
film 64Q due to the inclination of the liquid crystal molecules
61M.

[0225] Insummary, the liquid crystal molecules 61M are of
the negative type in the slit type and rib type MVA modes, and
at least a part of the liquid crystal molecules 61M (namely all
the liquid crystal molecules 61M or a part of the liquid crystal
molecules 61M) are oriented so that the major axis direction
thereof is along the direction perpendicular to the two sub-
strates 62 and 63 when no voltage is applied to the electrodes
65P and 65Q. Then, when a voltage is applied to the elec-
trodes 65P and 65Q, the major axis direction of the liquid
crystal molecules 61M crosses the direction of the electric
field between the electrodes 65P and 65Q.

[0226] Note that, the slit type and rib type MVA modes are
described above, but another MVA mode having slits and ribs
is available. An example thereof is a liquid crystal display
panel 60 in which the slits 66P are formed in the pixel elec-
trode 65P and the ribs 67Q are formed on the counter elec-
trode 65Q.

[0227] Therefore, the following liquid crystal mode can be
said to be the MVA mode. That is, the slits 66P or the ribs 67P
are formed on the pixel electrode 65P while the slits 66Q or
theribs 67Q are formed on the counter electrode 65Q, and due
to the slits 66P and 66Q), the ribs 67P and 67Q. or a combi-
nation of the slits 66P and the ribs 67P (or slits 66Q and ribs
67Q), the direction of the electric field between the electrodes
65P and 65Q crosses the direction perpendicular to the two
substrates 62 and 63 (namely the diagonal electric field is
generated).

[0228] (IPS Mode)

[0229] Inaddition, the case where the liquid crystal display
panel 60 is of the IPS mode is described as follows. First, the
liquid crystal 61 including the liquid crystal molecules 61M
illustrated in FIGS. 9 and 10 is a positive type liquid crystal
having positive dielectric anisotropy. Then, the pixel elec-
trodes 65P and the counter electrodes 65Q are formed on the
entire surface of the active matrix substrate 62 facing the
liquid crystal 61 side. In particular, the electrodes 65P and
65Q are arranged to face each other.

[0230] Further, if no voltage is applied between the pixel
electrode 65P and the counter electrode 65Q (in the case of
OFF), as illustrated in FIG. 9, the major axis direction (direc-
tor direction) of the liquid crystal molecules 61M is oriented
so as to be along the in-plane direction of the substrate surface
(horizontal direction of the substrate surface) of the active
matrix substrate 62 and so as to cross the direction LD in
which the pixel electrode 65P and the counter electrode 65Q
are disposed in parallel (for example, the orientation film
material (not shown) having an orientation regulating force is
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applied to the electrodes 65P and 65Q so that initial orienta-
tion in no electric field is designed).

[0231] Then, if the polarizing film 64P and the polarizing
film 64Q are in cross-Nicol arrangement, the backlight BL
that has passed through the active matrix substrate 62 does not
exit to the outside (namely, the liquid crystal display panel 60
is in a normally black mode).

[0232] Ontheotherhand, ifa voltageis applied between the
pixel electrode 65P and the counter electrode 65Q (in the case
of ON), the liquid crystal molecules 61M tend to incline along
the electric field generated between the electrodes 65P and
65Q. Then, the electric field direction is arcuate along the
direction LD in which the pixel electrode 65P and the counter
electrode 65Q are disposed in parallel (namely, an arcuate
electric flux line is generated along the direction in which the
pixel electrode 65P and the counter electrode 65Q are dis-
posed in parallel, with extension of the curve directed to the
counter substrate 63; see double dotted dashed line in FIG.
10).

[0233] Then, the liquid crystal molecules 61M whose ini-
tial orientation is set to be along the in-plane direction of the
substrate surface of the active matrix substrate 62 are rotated
because of influence of the arcuate electric field direction so
that the major axis direction thereof is along the in-plane
direction of the substrate surface and along the direction of
the electric field between the electrodes 65P and 65Q as
illustrated in FIG. 10. Then, a part of the backlight BL that has
passed through the active matrix substrate 62 exits to the
outside as light along a transmission axis of the polarizing
film 64Q due to the inclination of the liquid crystal molecules
61M.

[0234] Note that, the pixel electrode 65P and the counter
electrode 65Q are linear in FIGS. 9 and 10, but this is not a
limitation. For instance, as illustrated in FIG. 11, the comb-
like pixel electrode 65P and the comb-like counter electrode
65Q may be formed on one surface of the active matrix
substrate 62 facing the liquid crystal 61 side.

[0235] Further, in the case of the comb-like pixel electrode
65P and counter electrode 65Q, the electrodes 65P and 65Q
are arranged so that the comb teeth thereof are engaged with
each other. Thus, teeth 65Pt of the pixel electrode 65P and
teeth 65Qt of the counter electrode 65Q are arranged alter-
nately. Then, between the teeth 65Pt of the pixel electrode
65P and the teeth 65Qt of the counter electrode 65Q), an
arcuate electric field (lateral electric field) is generated, and
the liquid crystal molecules 61M are inclined according to the
electric field.

[0236] <<Afterimage and Multiple Outlines>>

[0237] Here, in any mode of the liquid crystal display panel
60, for displaying an image, the liquid crystal molecules 61M
are inclined from the initial position (for example, the initial
orientation position of the liquid crystal molecules 61M when
no voltage is applied). Then, the inclination speed of the
liquid crystal molecules 61M (response speed Vr) is impor-
tant. It is because an “afterimage” or “multiple outlines” may
occur in the image on the liquid crystal display panel 60 due
to a relationship between the response speed Vr of the liquid
crystal molecules 61M and incidence of the backlight BL on
the liquid crystal display panel 60.

[0238] Usually, a human eye (retina) feels light by the inte-
gral value of light intensity. Therefore, the afterimage is
caused by a phenomenon that when a person sees light, the
light looks to remain after the light is extinguished. In par-
ticular, when a moving object is displayed on the liquid crys-
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tal display panel 60 as a so-called hold type display, the line of
sight follows the moving object, and further the frame images
are displayed continuously. As a result, the afterimage is apt
to occur more easily.

[0239] Then, if animage in which a black image and a white
image are disposed side by side as illustrated in FIG. 12B is
displayed on the liquid crystal display panel 60 as illustrated
in FIG. 12A, there can be a state where the afterimage is apt
to oceur (note that, HL. denotes the horizontal direction of the
liquid crystal display panel 60, and VL denotes the direction
perpendicular to the liquid crystal display panel 60). Specifi-
cally, if a boundary between the black image and the white
image moves as illustrated in FIGS. 12B to 12E, the afterim-
age is apt to occur in a vicinity of the boundary. Then, in the
liquid crystal 61 corresponding to the boundary between the
black image and the white image, the liquid crystal molecules
61M need to be inclined.

[0240] For instance, in the normally black mode liquid
crystal display panel 60, it is supposed that positions of the
liquid crystal molecules 61M for black image display are
initial positions (see FIGS. 5, 7, and 9). Then, for the white
image display, the liquid crystal molecules 61M are inclined
from the initial position (see FIGS. 6, 8, and 10). Here, upper
graphs in FIGS. 13A to 13D are graphs illustrating examples
of the relationship between the inclination amount of the
liquid crystal molecules 61M and time. Note that, in those
figures, “Min” means the initial position of the liquid crystal
molecules 61M in the black image display, and “Max” means
a state where the liquid crystal molecules 61M are inclined
most for the white image display.

[0241] Note that, time necessary for the liquid crystal mol-
ecules 61M to be inclined most is different between FIGS.
13A and 13B and FIGS. 13C and 13D. Specifically, time
necessary for the liquid crystal molecules 61M to be inclined
most (response time) is approximately 16.7 ms in the case of
FIGS. 13A and 13B, and is approximately 8.3 ms in the case
of FIGS. 13C and 13D (note that, the data value of the
response speed Vr becomes small if the data value of the
response time is as large as approximately 16.7 ms, and that
the data value of the response speed Vr becomes large if the
data value indicating the response time is as small as approxi-
mately 8.3 ms).

[0242] Then, it can be said that the liquid crystal molecules
61M illustrated in FIGS. 13A and 13B are inclined at rela-
tively low response speed Vi(LOW) (namely, the liquid crys-
tal molecules 61M are inclined at such a speed that the data
value of the response speed Vr becomes small). On the other
hand, it can be said that the liquid crystal molecules 61M
illustrated in FIGS. 13C and 13D are inclined at a relatively
high response speed Vr (HIGH) (namely, the liquid crystal
molecules 61M are inclined at such a speed that the data value
of the response speed Vr becomes large).

[0243] Inaddition, because the liquid crystal display panel
60 is irradiated with the backlight BL, the PWM dimming
signal for the LED 71 for generating the backlight BL is also
illustrated in the middle graphs of FIGS. 13A to 13D. Note
that, the liquid crystal display panels 60 illustrated in FIGS.
13A and 13C are supplied with light having a duty factor of
100%, and the liquid crystal display panels 60 illustrated in
FIGS. 13B and 13D are supplied with light having a duty
factor of 50%. Note that, the drive frequency of the PWM
dimming signal is 120 Hz, and the frame frequency of the
liquid crystal display panel 60 (drive frequency of the liquid
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crystal display panel 60) is also 120 Hz. In addition, one
section divided by dotted lines along the time axis in the
figures means one frame.

[0244] In addition, lower graphs in FIGS. 13A to 13D are
graphs illustrating luminance change of light passing through
the liquid crystal display panel 60 when the backlight BL. is
supplied to the liquid crystal display panel 60 based on the
PWM dimming signal.

[0245] Under those conditions illustrated in FIGS. 13A to
13D, when the boundary between the black image and the
white image moves (is scrolled) as illustrated in FIGS. 12B to
12E, the resultants are as illustrated in FIGS. 14 to 17 (note
that, the scroll speed is 32 pixel/16.7 ms). Note that, in the
graphs illustrated in FIGS. 14 to 17, the horizontal axis rep-
resents a pixel position in the liquid crystal display panel 60 in
the horizontal direction HL, and the vertical axis represents
normalized luminance of the integrated luminance normal-
ized by the highest value. In addition, under the graph, there
1s illustrated an image diagram of a vicinity of the boundary
between the black image and the white image.

[0246] First, a case where the liquid crystal molecules 61M
are inclined at relatively low response speed Vr (LOW) is
described. As illustrated in the upper graph of FIG. 13 A, if the
liquid crystal molecules 61M are inclined most from the
initial position, a time period CW occurs in which the liquid
crystal molecules 61M are gradually inclined. Then, the
entire light should intrinsically be transmitted in this time
period CW, but actually only a part of the light is transmitted
in this time period (referred to as response process time period
CW).

[0247] Then, as illustrated in the middle graph of FIG. 13A,
when light from the LED 71 based on the PWM dimming
signal with a duty factor of 100% is supplied to the liquid
crystal molecules 61M in the response process time period
CW, the luminance variation in the response process time
period CW reflects time characteristics of the liquid crystal
molecules 61M in the inclination illustrated in the upper
graph of FIG. 13A. In other words, transmitted light in pro-
portion to the inclination degree exits from the liquid crystal
display panel 60 (see the lower graph of FIG. 13A). Specifi-
cally, if the duty factor is 100%, light whose intensity
increases gradually (as monotonous increase) exits from the
liquid crystal display panel 60 in the entire time range from
the beginning to end of the response process time period CW.
[0248] Then, as illustrated in FIGS. 12B to 12E, when the
boundary between the black image and the white image
moves, exiting light from the liquid crystal display panel 60
corresponding to the response process time period CW
moves. Therefore, the integrated luminance corresponding to
the vicinity of the boundary becomes as illustrated in the
graph of FIG. 14. In other words, pixels that receive light
insufficient for forming a complete white color image appear
in the vicinity of the boundary.

[0249] Then, a pixel range PA[100L-120] in which such
pixels are continuous is recognized as pixels having a prob-
lem (see the image diagram). Specifically, switching from the
black image to the white image is not performed athigh speed
(the black image is not switched vividly to the white image),
and the afterimage is generated because there are continuous
pixels having substantially the same integrated luminance
change degree (namely, substantially the same inclination of
the graph line of FIG. 14) in the pixel range PA[100L-120].

[0250] On the other hand, it is supposed that, when the
liquid crystal molecules having relatively low response speed
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Vr are inclined (see the upper graph of FIG. 13B), as illus-
trated in the middle graph of FIG. 13B, the light from the LED
71 based on the PWM dimming signal having a duty factor of
50% is supplied to the liquid crystal molecules 61M in the
response process time period CW.

[0251] Ifthe duty factor is 50%, there exists a light-off time
period and a light-on time period of the LED 71 in one frame
period (note that, the last timing in one frame period is syn-
chronized with the last timing of a high level period of the
PWM dimming signal). Therefore, the light exits from the
liquid crystal display panel 60 not in the entire time range
from the beginning to end of the response process time period
CW.

[0252] Specifically, when the response process time period
CW is divided into four periods, light is not supplied to the
liquid crystal molecules 61M in the first period, and light is
supplied to the liquid crystal molecules 61M in the second
period. Then, the first period becomes a time period indicat-
ing a minimum luminance value as illustrated in the lower
graph of FIG. 13B.

[0253] Ontheother hand, the second period becomes a time
period in which only a part of the light is transmitted because
the inclination degree of the liquid crystal molecules 61M is
relatively small, though the entire light should intrinsically be
transmitted. Then, the luminance value corresponding to the
second period is lower than the maximum luminance value.
[0254] Further, when the response process time period CW
is divided into four periods, light is not supplied to the liquid
crystal molecules 61M in the third period, and light is sup-
plied to the liquid crystal molecules 61M in the fourth period.
Then, the third period becomes a time period indicating the
minimum luminance value similarly to the first period.
[0255]  On the other hand, in the fourth period, the inclina-
tion degree of the liquid crystal molecules 61M is relatively
large, but the liquid crystal molecules 61M are not completely
inclined (to an angle necessary for forming the white color
image). Therefore, similarly to the second period, the fourth
period is a time period in which only a part of the light is
transmitted, though the entire light should intrinsically be
transmitted. Then, the luminance value corresponding to the
fourth period is also lower than the maximum luminance
value (however, the luminance value is higher than the lumi-
nance corresponding to the second period).

[0256] In other words, as illustrated in FIG. 13B, if the
response speed Vr of the liquid crystal molecules 61M is
relatively low (if the response process time period CW is
equal to or longer than time corresponding to a plurality of
cycles at the drive frequency of the PWM dimming signal),
when the LED 71 emits light with the PWM dimming signal
having a duty factor other than 100%, light is supplied to the
liquid crystal display panel 60 continuously with a predeter-
mined interval in the response process time period CW. Then,
the luminance value of the supplied light is lower than the
maximum luminance value.

[0257] Then, as illustrated in FIGS. 12B to 12E, when the
boundary between the black image and the white image
moves, the integrated luminance corresponding to the vicin-
ity of the boundary becomes as illustrated in the graph of FIG.
15. In other words, pixels that receive light insufficient for
forming a complete white color image appear in the vicinity
of the boundary.

[0258] Then, a pixel range PA[50L.-120] in which such
pixels are continuous is recognized as pixels having a prob-
lem (see the image diagram). Specifically, switching from the
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black image to the white image is not performed at high
speed, and the multiple outlines are generated because pixels
having different integrated luminance change degrees are
included in the pixel range PA[50L-120] (note that, the mul-
tiple outlines are more responsible for the deterioration in
image quality of the liquid crystal display panel 60 than the
afterimage).

[0259] Next, a case where the liquid crystal molecules 61M
are inclined at relatively high response speed Vr(HIGH) is
described. It is supposed that, as illustrated in the upper graph
of FIG. 13C, when the liquid crystal molecules 61M having
relatively high response speed Vr are inclined, the light is
supplied from the LED 71 based on the PWM dimming signal
having a duty factorof 100% as illustrated in the middle graph
of FIG. 13C. Then, as illustrated in the lower graph of FIG.
13C, light whose intensity increases gradually (as monoto-
nous increase) exits from the liquid crystal display panel 60 in
the entire time range from the beginning to end of the
response process time period CW.

[0260] Then, as illustrated in FIGS. 12B to 12E, when the
boundary between the black image and the white image
moves, the integrated luminance corresponding to the vicin-
ity of the boundary becomes as illustrated in the graph of FIG.
16. In other words, similarly to the case of FIGS. 13A and 14,
pixels that receive light insufficient for forming a complete
white color image appear in the vicinity of the boundary.
Therefore, the pixel range PA[100H-120] is recognized as
pixels having a problem (afterimage).

[0261] However, the pixel range PA[100H-120] illustrated
in FIG. 16 is narrower than the pixel range PA[100L-120]
illustrated in FIG. 14. Therefore, a deterioration degree of
image quality due to the afterimage is worse in the case of the
duty factor of 100% at the response speed Vr (LOW) than in
the case of the duty factor of 100% at the response speed
Vr(HIGH) (see the image diagram).

[0262] On the other hand, it is supposed that, when the
liquid crystal molecules 61M having relatively high response
speed Vr are inclined (see the upper graph of FIG. 13D), as
illustrated in the middle graph of FIG. 13D, the light from the
LED 71 based on the PWM dimming signal having a duty
factor of 50% is supplied to the liquid crystal molecules 61M
in the response process time period CW.

[0263] Then, similarly to the middle graph of FIG. 13B,
light exits from the liquid crystal display panel 60 not in the
entire time range from the beginning to end of the response
process time period CW. However, the response process time
period CW is shorter than the response process time period
CW illustrated in the upper graph of FIG. 13B (note that, the
last timing in one frame period is synchronized with the last
timing ofa high level period in the PWM dimming signal, and
further one cycle of the PWM dimming signal is synchro-
nized with the response process time period CW).

[0264] Specifically, when the response process time period
CW is divided into two periods, light is not supplied to the
liquid crystal molecules 61M in the first period, and light is
supplied to the liquid crystal molecules 61M in the second
period. Then, the first period becomes a time period indicat-
ing a2 minimum luminance value as illustrated in the lower
graph of FIG. 13B.

[0265] Ontheotherhand, the second period becomes a time
period in which the inclination degree of the liquid crystal
molecules 61M is relatively large, but the liquid crystal mol-
ecules 61M are not completely inclined (to an angle neces-
sary for forming the white color image), and therefore, only a
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part of the light is transmitted, though the entire light should
intrinsically be transmitted. Then, the luminance value cor-
responding to the second period is lower than the maximum
luminance value.

[0266] Accordingly, even if the response speed Vr of the
liquid crystal molecules 61M is relatively high (if the
response process time period CW is time corresponding to
one cycle at the drive frequency of the PWM dimming sig-
nal), when the LED 71 emits light with the PWM dimming
signal having a duty factor other than 100%, as illustrated in
the lower graph of FIG. 13D, light is supplied to the liquid
crystal display panel 60 continuously with a predetermined
interval in the response process time period CW (note that, the
luminance value of the supplied light is lower than the maxi-
mum luminance value).

[0267] However, because the response speed Vr of the lig-
uid crystal molecules 61M is high, the response process time
period CW is short. Therefore, as illustrated in FIGS. 12B to
12E, when the boundary between the black image and the
white image moves, only a small number of pixels that receive
light insufficient for forming a complete white color image
appear in the vicinity of the boundary (see FIG. 17).

[0268] Therefore, a pixel range PA[50H-120] in which
such pixels are continuous is hardly recognized as pixels
having a problem (see the image diagram). Therefore, if the
response speed Vr is relatively high and the duty factor is
other than 100% (for example, a duty factor of 50% or
smaller), switching from the black image to the white image
is performed at high speed, and further, pixels having sub-
stantially the same integrated luminance change degree are
continuous only in the small pixel range PA[S0H-120].
Therefore, in this case, the afterimage and the multiple out-
lines are not generated in the liquid crystal display panel 60.
[0269] <InRegard to Improvement of Image Quality Using
Duty Factor of PWM Dimming Signal for Light Emission
Control of LED>

[0270] Here, results that can be derived from FIGS. 14 t0 17
(image quality evaluation of the liquid crystal display panel
60) are shown in a table of FIG. 18.

[0271] Note that, a black insertion ratio (RATIO[BK]) in
this table is a ratio of a period in which the LED 71 is turned
off in one cycle of the PWM dimming signal (for easy under-
standing, a part having a high black insertion ratio is colored).
In addition, this table shows four-grade evaluation
(superior>good>allowable>not allowable) of three evalua-
tion items for the liquid crystal display panel 60, which
include whether or not an image is displayed clearly
(sharply), whether or not multiple outlines are generated, and
whether or not the image quality is generally allowable.
[0272] <<Change of Duty Factor in PWM Dimming Sig-
nal>>

[0273] From this table of F1G. 18, the following can be said.
First, the image quality is relatively superior in the case of
high response speed Vr of the liquid crystal molecules 61M to
the case of low response speed Vr. In particular, if the
response speed Vr of the liquid crystal molecules 61M is
relatively high, and in addition, if the duty factor of the PWM
dimming signal is 50% or smaller, a result of the “superior”is
obtained in all the three items of the image quality evaluation
(note that, to drive the LED 71 at a duty factor of 50% or
smaller may be referred to as “to perform the black inser-
tion™).

[0274] However, even if the LED 71 is driven with the
PWM dimming signal having a duty factor of 50% or smaller,
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when the response speed Vr of the liquid crystal molecules
61M is low, the multiple outlines may occur so that general
image quality becomes worst. If the response speed Vr of the
liquid crystal molecules 61M is low, it is better to drive the
LED 71 with the PWM dimming signal having a duty factor
of larger than 50% as is clear from FIG. 18.

[0275] Inview ofthe above-mentioned results of FIG. 18, if
the duty factor of the PWM dimming signal can be changed
according to the response speed Vr of the liquid crystal mol-
ecules 61M in the liquid crystal display device 90, it is pos-
sible to reflect response characteristics of the liquid crystal
molecules 61M so that quality of an image displayed on the
liquid crystal display panel 60 can be improved (for example,
occurrence of multiple outlines can be suppressed, and clear-
ness and the like can be improved).

[0276] Inother words, as illustrated in the table of FIG. 19,
if the response speed Vr of the liquid crystal molecules 61M
is relatively high, the LED 71 should be driven with a rela-
tively small duty factor so that the black insertion is per-
formed. On the other hand, if the response speed Vr of the
liquid crystal molecules 61M is relatively low, the LED 71
should be driven with a relatively large duty factor so that the
black insertion is not performed (note that, coloring of the
arrow in FIG. 19 means a tendency of performing the black
insertion).

[0277] With this structure, the liquid crystal 61 having rela-
tively high response speed Vr is supplied with short-time light
continuously with a predetermined interval corresponding to
a relatively small duty factor. Then, in this case, the liquid
crystal display device 90 performs image display similar to an
impulse-type display device so that the image quality can be
improved. On the other hand, the liquid crystal 61 having
relatively low response speed Vr is supplied with short-time
light continuously with a predetermined interval, light is sup-
plied to the liquid crystal molecules 61M that have not
reached a predetermined angle. As a result, a malfunction of
image quality (such as multiple outlines) may occur.

[0278] However, for such liquid crystal 61 having relatively
low response speed Vr, the LED 71 is driven at a relatively
large duty factor in order to prevent a malfunction of image
quality. Therefore, in this liquid crystal display device 90,
image quality can be improved according to the response
speed Vr of the liquid crystal 61.

[0279] Note that, the response speed Vr of the liquid crystal
molecules 61M is changed depending not only on tempera-
ture but also on material. Therefore, a threshold value for
determining whether the response speed Vr is high or low
(response speed data threshold value) is set arbitrarily.
[0280] For instance, the magnitude relations of data values
of the response speed Vr, the duty factor, and the black inser-
tion ratio are described below with reference to FIG. 20 using
arrows. Specifically, a smaller data value is indicated by a
proximal side of the arrow, while a larger data value is indi-
cated by a distal side of the arrow (note that, density of the
arrow in FIG. 20 means a tendency of performing the black
insertion).

[0281] Inother words, as illustrated in FIG. 20, in the entire
range of the assumed response speed Vr, two ranges of the
response speed Vr are set with respect to one arbitrary thresh-
old value (a range equal to or higher than the threshold value
and a range lower than the threshold value). In the range of the
response speed Vr equal to or higher than the threshold value,
the liquid crystal molecules 61M are inclined at a high
response speed Vr(Vr2). In the range of the response speed Vr
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lower than the threshold value, the liquid crystal molecules
61M are inclined at a low response speed Vr(Vrl). In this
case, the threshold value should be any response speed Vrin
the entire range of the response speed Vr. Note that, the
number of the set threshold values is not limited to one as
illustrated in FIG. 20. In other words, asillustrated in FIG. 21,
two or more threshold values may be set, and three or more
ranges of the response speed Vr (response speed data ranges)
may be set with respect to the threshold values as boundaries.
[0282] The point is that there s at least one arbitrary thresh-
old value, and a plurality of arbitrary ranges of the response
speed Vr are set with respect to the threshold value as a
boundary so that the duty factor can be changed for the
individual ranges. With this structure, the response speed Vr
of the liquid crystal molecules 61M can be divided in steps,
and the image quality can be improved according to the step.
[0283] Inparticular, the duty factor should be changed for
each range of the response speed Vr so as to have an opposite
relationship to a magnitude relationship concerning the plu-
rality of ranges of the response speed Vr. For instance, as
illustrated in FIG. 20, the duty factor should be a large value
Duty?2 if the response speed Vris a small value Vrl, while the
duty factor should be a small value Dutyl if the response
speed Vris a large value Vr2 (note that, a magnitude relation-
ship of the data value of the response speed Vr is Vr1<Vr2,
and a magnitude relationship of the duty factor data value is
Duty1<Duty2).

[0284] By the way, one of variation factors of the response
speed Vr of the liquid crystal molecules 61M in the liquid
crystal display device 90 as a product is temperature Tp of the
liquid crystal molecules 61M. Therefore, a magnitude rela-
tionship of the data value of the temperature Tp is added to the
table of FIG, 21, and a table shown in FIG. 22 is obtained
(namely, if the temperature rises, the response speed Vr of the
liquid crystal molecules 61M increases). Then, in order to
obtain the data value of the response speed Vr from the
temperature Tp of the liquid crystal molecules 61M, the con-
trol unit 1 of the liquid crystal display device 90 operates as
follows, for example.

[0285] Specifically, as illustrated in FIG. 2, the duty factor
setting portion 14 of the video signal processing portion 10
included in the control unit 1 obtains the measured tempera-
ture data (temperature data) from the panel thermistor 83.
Then, the duty factor setting portion 14 obtains one of the
memory data DM stored in the memory 17.

[0286] Specifically, the memory data DM is a data table
(lookup table) of the response speed Vr of the liquid crystal
molecules 61M depending on the temperature of the liquid
crystal 61 (liquid crystal temperature Tp). In other words, the
duty factor setting portion 14 obtains the response speed Vr
by associating the temperature data of the panel thermistor 83
with the liquid crystal temperature Tp of the data table.
[0287] Then, the duty factor setting portion 14 sets the duty
factor of the PWM dimming signal corresponding to the
obtained response speed Vr. Note that, the method of setting
the duty factor is not particularly limited. As an example, the
data table of the duty factor depending on the response speed
Vr is stored in the memory 17, and the duty factor setting
portion 14 sets the duty factor using the data table.

[0288] <<Current Value Change in PWM Dimming Sig-
nal>>

[0289] Note that, if the duty factor of the PWM dimming
signal is set according to the response speed Vr of the liquid
crystal molecules 61M, it is desired to change a current value
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AM of the PWM dimming signal according to the duty factor
(namely, it is preferred that the PWM dimming signal VD-Sd
[W] be corrected to be the PWM dimming signal VD-Sd
[W-A]). The reason is described below.

[0290] For instance, FIG. 23A illustrates the PWM dim-
ming signal having a duty factor of 100% and the PWM
dimming signal having a duty factor of 50% (note that, the
PWM dimming signal has 120 Hz, and the section between
dotted lines indicates one frame period). Then, the luminance
dueto those PWM dimming signals can be compared roughly
based on the size of the hatched area illustrated under the
graph of each PWM dimming signal. In other words, the
luminance can be compared roughly based on the area as a
product of the light-on period of the PWM dimming signal
and the current value thereof.

[0291] In a case of FIG. 23A, the duty factor is different
between 100% and 50% while the current value AM is the
same. Here, in one cycle of the PWM dimming signal, the
light-on period and the current value in the case where the
duty factor is 100% are denoted by W100 and AM100,
respectively, and the light-on period and the current value in
the case where the duty factor is 50% are denoted by W50 and
AMS50, respectively. Then, the luminance is higher in the case
of the duty factor of 100% than in the case of the duty factor
of 50% (W100xAM100>W50xAMS0).

[0292] Then, ifthe duty factor of the PWM dimming signal
is changed according to the response speed Vr, a luminance
difference occurs according to the duty factor, and hence an
image quality deterioration may occur. Therefore, the current
value of the PWM dimming signal is changed according to
the duty factor. For instance, with reference to the luminance
in the case of the duty factor of 100% illustrated in FIG. 23A,
asillustrated in FIG. 23B for the duty factor of80%, FIG. 23C
for the duty factor of 60%, and F1G. 23D for the duty factor of
50%, the hatched areas in the figures for discussing the lumi-
nance are equalized (W100xAM100=W80xAM'80=W60x
AM'60=WS50xAM'S0).

[0293] In other words, the current value setting portion 15
of the calculation processing portion 13 changes the current
value AM of the PWM dimming signal in the case of driving
with a duty factor other than 100% so that an integrated
amount of light emission in one cycle period of the PWM
dimming signal is equal to an integrated amount of light
emission with a duty factor of 100% in the period correspond-
ing to the one cycle period. Then, with this structure, even if
the duty factor is changed according to the response speed Vr
of the liquid crystal molecules 61M, the luminance is not
changed due to the duty factor (namely, the liquid crystal
display device 90 can change the duty factor while maintain-
ing high luminance).

[0294] Note that, the change of the current value of the
PWM dimming signal according to the duty factor is added to
the table of FIG. 22 to obtain the table shown in FIG. 24. In
other words, as a degree of the black insertion is higher (as the
duty factor is lower), the current value AM becomes larger
(AM1<AM2<AM3).

[0295] In addition, the method of setting the current value
AM by the current value setting portion 15 is not particularly
limited. For instance, the current value setting portion 15 may
receive the data signal of the duty factor and perform calcu-
lating processing so as to set the current value AM, or may
store therein a data table of the current value AM depending
on the duty factor so as to set the current value AM using the
data table.
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[0296] <<In Regard to Other Factors>>

[0297] By the way, the liquid crystal display device 90 has
various functions for improving image quality. Examples of
the functions are an FRC processing function, and a viewing
mode setting function for changing a display form of an
image according to the preference of a viewer. In addition, the
functions include an environmental support function for
adjusting brightness of the liquid crystal display panel 60
according to brightness of the environment where the liquid
crystal display device 90 is placed. Further, the functions
include a video signal support function for adjusting bright-
ness of the liquid crystal display panel 60 according to lumi-
nance or the like of the video signal (average signal level ASL
or the like).

[0298] Further, it is often desired that the duty factor of the
PWM dimming signal change according to the various func-
tions. For instance, the duty factor setting portion 14 of the
calculation processing portion 13 obtains the temperature
data of the panel thermistor 83 as illustrated in the flowchart
of FIG. 25 (STEP 1), and obtains the response speed Vr of the
liquid crystal molecules 61M (STEP 2).

[0299] Then, the duty factor setting portion 14 judges the
response speed Vr (response speed data). Specifically, the
duty factor setting portion 14 judges whether or not setting of
the duty factor needs to be changed according to presence or
absence of actions of the various functions (STEP 3). For
instance, if the response speed Vr is excessively low and ifthe
duty factor is not set to be high regardless of presence or
absence of actions of the various functions, in the case where
the multiple outlines occur (in the case of NO in STEP 3), the
duty factor setting portion 14 sets the duty factor to 100%, for
example, considering the response speed Vrcorresponding to
the liquid crystal temperature Tp (STEP 4). With this struc-
ture, occurrence of the multiple outlines is prevented.
[0300] However, if the duty factor setting portion 14 judges
that it is desired to change setting of the duty factor due to the
presence of actions of various functions (in the case of YES in
STEP 4), the duty factor setting portion 14 sets the duty factor
considering the various functions. It is because image quality
can be securely improved with this structure.

[0301] (FRC Processing Function)

[0302] For instance, the duty factor setting portion 14
judges presence or absence of the FRC processing (STEP 5).
Specifically, as illustrated in FIG. 2, the duty factor setting
portion 14 receives a signal (ON/OFF signal) indicating pres-
ence or absence of the FRC processing from the FRC pro-
cessing portion 21 of the LCD controller 20. Then, if the FRC
processing is not performed (in the case of NO in STEP 5),
namely, because the number of frames of the video signal is
smaller than a predetermined number, the duty factor setting
portion 14 sets a duty factor that is the same as the duty factor
considering the response speed Vr corresponding to the liquid
crystal temperature Tp, namely, sets a relatively high duty
factor (STEP 4).

[0303] On the other hand, if the FRC processing is per-
formed (in the case of YES in STEP 5), the duty factor setting
portion 14 judges whether or not the last duty factor needs to
be changed according to the FRC processing (STEP 6). It is
because the last duty factor, namely the duty factor set in
STEP 4 may be the same as the duty factor after the FRC
processing.

[0304] Then, ifthe duty factor setting portion 14 judges that
the last duty factor needs to be changed (in the case of YES in
STEP 6), the duty factor is set considering the response speed
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Vr corresponding to the liquid crystal temperature Tp and the
FRC processing (STEP 7). For instance, if there is the FRC
processing, the duty factor setting portion 14 decreases the
duty factor (note that, a tendency of the magnitude of the duty
factor corresponding to presence or absence of the FRC pro-
cessing is shown in the table of FIG. 26). With this structure,
clearness or the like of image quality is improved.

[0305] On the other hand, if the duty factor setting portion
14 judges that the last duty factor does not need to be changed
(in the case of NO in STEP 6), the duty factor is set consid-
ering only the response speed Vr corresponding to the liquid
crystal temperature Tp (STEP 4).

[0306] In other words, the control unit 1 illustrated in FIG.
1 includes the FRC processing portion 21 that performs the
frame rate control processing, and the control unit 1 (specifi-
cally, the duty factor setting portion 14) changes the duty
factor according to presence or absence of the FRC process-
ing by the FRC processing portion 21 (note that, the current
value AM may be changed according to the change of the duty
factor). Note that, the duty factor in the case where the FRC
processing is performed is smaller than the duty factor in the
case where the FRC processing is not performed (see FIG.
26).

[0307] (Viewing Mode Setting Function)

[0308] In addition, the duty factor setting portion 14 may
perform the judgment according to the setting of the viewing
mode. Specifically, as illustrated in FIG. 2, the duty factor
setting portion 14 receives a mode type signal MD indicating
a type of the viewing mode from the viewing mode setting
portion 16 of the video signal processing portion 10, for
example, a signal indicating Sports Mode having a relatively
high motion picture level.

[0309] Then, as illustrated in the flowchart of FIG. 27
(STEP 1to STEP 4 are the same as described above), the duty
factor setting portion 14 judges whether or not the last duty
factor needs to be changed according to the motion picture
level (STEP 15). It is because the last duty factor, namely the
duty factor set in STEP 4 may be the same as the duty factor
in the case where the motion picture level is high.

[0310] Then,ifthe duty factor setting portion 14 judges that
the last duty factor needs to be changed (in the case of YES in
STEP 15), the duty factor is set considering the response
speed Vr corresponding to the liquid crystal temperature Tp
and the motion picture level (STEP 16). For instance, if Sports
Mode is set, the duty factor setting portion 14 decreases the
duty factor (note that, a tendency of the magnitude of the duty
factor corresponding to the magnitude relationship of the
motion picture level is shown in the table of FIG. 28). With
this structure, clearness or the like of image quality is
improved.

[0311] On the other hand, if the duty factor setting portion
14 judges that the last duty factor does not need to be changed
(in the case of NO in STEP 15), the duty factor is set consid-
ering only the response speed Vr corresponding to the liquid
crystal temperature Tp (STEP 4).

[0312] In other words, the control unit 1 illustrated in FIG.
1 includes the viewing mode setting portion 16 for switching
the viewing mode of the liquid crystal display panel 60. When
the viewing mode setting portion 16 switches the viewing
mode, the control unit 1 (specifically, the duty factor setting
portion 14) changes the duty factor according to the selected
viewing mode (note that, the current value AM may be
changed according to the change of the duty factor).
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[0313] Then, as an example of the duty factor change, as
described above, if the viewing mode setting portion 16 sets
the high motion picture level viewing mode and the low
motion picture level viewing mode according to the motion
picture level of the video data, the duty factor is changed for
each selected viewing mode so as to have an opposite rela-
tionship to the magnitude relationship of the motion picture
level in a plurality of viewing modes (see FIG. 28).

[0314] In addition, the duty factor setting portion 14 may
perform the judgment according to the setting of the viewing
mode of a different contrast ratio. Specifically, the duty factor
setting portion 14 receives the signal mode type signal MD
indicating a type of the viewing mode from the viewing mode
setting portion 16, for example, a signal indicating Dynamic
Mode having a relatively high contrast ratio.

[0315] Then, as illustrated in the flowchart of FIG. 29
(STEP 1 to STEP 4 are the same as described above), the duty
factor setting portion 14 judges whether or not the last duty
factor needs to be changed according to the contrast ratio
(STEP 25). 1t is because the last duty factor, namely the duty
factor set in STEP 4 may be the same as the duty factor in the
case where the contrast ratio is high.

[0316] Then, ifthe duty factor setting portion 14 judges that
the last duty factor needs to be changed (in the case of YES in
STEP 25), the duty factor is set considering the response
speed Vr corresponding to the liquid crystal temperature Tp
and the contrast ratio (STEP 26). For instance, if Dynamic
Mode is set, the duty factor setting portion 14 decreases the
duty factor (note that, a tendency of the magnitude of the duty
factor corresponding to the magnitude relationship of the
contrast ratio is shown in the table of FIG. 30). With this
structure, clearness or the like of image quality is improved.
[0317] On the other hand, if the duty factor setting portion
14 judges that the last duty factor does not need to be changed
(in the case of NO in STEP 25), the duty factor is set consid-
ering only the response speed Vr corresponding to the liquid
crystal temperature Tp (STEP 4).

[0318] Inother words, if the viewing mode setting portion
16 sets a high contrast level viewing mode and a low contrast
level viewing mode according to the contrast level of the
video data, the duty factor is changed for each selected view-
ing mode so as to have an opposite relationship to the mag-
nitude relationship of the contrast level in a plurality of view-
ing modes (see FIG. 30).

[0319] Note that, there are many types of viewing modes,
and the duty factor setting portion 14 may set the duty factor
in combination of the various modes. For instance, the duty
factor setting portion 14 receives the mode type signal MD
indicating the type of the viewing mode from the viewing
mode setting portion 16, for example, a signal indicating
Sports Mode having a relatively high motion picture level and
Dynamic Mode having a relatively high contrast ratio.
[0320] Then, as illustrated in the flowchart of FIG. 31
(STEP 1 to STEP 4 are the same as described above), the duty
factor setting portion 14 judges whether or not the last duty
factor needs to be changed according to the motion picture
level, for example (STEP 15). Then, if it is judged that the last
duty factor does not need to be changed (in the case of NO in
STEP 15), the duty factor setting portion 14 sets the duty
factor considering only the response speed Vr corresponding
to the liquid crystal temperature Tp (STEP 4).

[0321] On the other hand, if the duty factor setting portion
14 judges that the last duty factor needs to be changed (in the
case of YES in STEP 15), it is further judged whether or not
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the last duty factor needs to be changed according to the
contrast ratio (STEP 36). Then, if the duty factor setting
portion 14 judges that the last duty factor needs to be changed
(in the case of YES in STEP 36), the duty factor is set con-
sidering the response speed Vr corresponding to the liquid
crystal temperature Tp, the motion picture level, and the
contrast ratio (STEP 37).

[0322] On the other hand, if the duty factor setting portion
14 judges that the last duty factor does not need to be changed
(in the case of NO in STEP 36), the duty factor is set consid-
ering the response speed Vr corresponding to the liquid crys-
tal temperature Tp and the motion picture level (STEP 16).
[0323] Note that, in the flowchart of FIG. 31, the motion
picture level is considered first, and then the contrast ratio is
considered, but this order may be different.

[0324] (Environmental Support Function)

[0325] In addition, the duty factor setting portion 14 may
perform the judgment according to brightness of the environ-
ment in which the liquid crystal molecules 61M are placed.
Specifically, the duty factor setting portion 14 receives illu-
minance data of the environmental illuminance sensor 84 as
illustrated in FIG. 2 (namely, the duty factor setting portion 14
judges brightness of the place where the liquid crystal display
device 90 is placed, based on illuminance measured by the
environmental illuminance sensor 84 that measures external
illuminance).

[0326] Then, as illustrated in the flowchart of FIG. 32
(STEP 1to STEP 4 are the same as described above), the duty
factor setting portion 14 judges whether or not the last duty
factor needs to be changed according to the illuminance data
(STEP 45). It is because the last duty factor, namely the duty
factor set in STEP 4 may be the same as the duty factor in the
case where the illuminance data is high (namely, in the case
where the environment is relatively bright).

[0327] Then,ifthe duty factor setting portion 14 judges that
the last duty factor needs to be changed (in the case of YES in
STEP 45), the duty factor is set considering the response
speed Vr corresponding to the liquid crystal temperature Tp
and the illuminance data (STEP 46). For instance, if the liquid
crystal display device 90 is placed in a relatively bright envi-
ronment, the duty factor setting portion 14 decreases the duty
factor (note that, a tendency of the magnitude of the duty
factor corresponding to a magnitude relationship of the illu-
minance data is shown in the table of FIG. 33). With this
structure, clearness or the like of image quality is improved.
[0328] On the other hand, if the duty factor setting portion
14 judges that the last duty factor does not need to be changed
(in the case of NO in STEP 45), the duty factor is set consid-
ering only the response speed Vr corresponding to the liquid
crystal temperature Tp (STEP 4).

[0329] In other words, the control unit 1 illustrated in FIG.
1 obtains the external illuminance data and changes the duty
factor according to the illuminance data (note that, the current
value AM may be changed according to the change of the duty
factor). Note that, the duty factor is changed for each illumi-
nance data range so as to have an opposite relationship with a
magnitude relationship of the data value in each of a plurality
of illuminance data ranges (see FIG. 33).

[0330] (Video Signal Support Function)

[0331] In addition, the duty factor setting portion 14 may
perform the judgment according to luminance or the like of
the video signal (average signal level ASL or the like). Spe-
cifically, the duty factor setting portion 14 receives the histo-
gram data HGM of the histogram processing portion 12 via
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the calculation processing portion 13 as illustrated in FIG. 2.
Then, the duty factor is changed by using the histogram data
HGM.

[0332] Here, the response speed Vr of the liquid crystal
molecules 61M has a dependence on temperature, and also a
dependence on a variation between gradations. Examples of
the dependences are illustrated in FIGS. 34 and 35. These
graphs show the inclined response time of the liquid crystal
molecules 61M that is changing its gradation from the Oth
gradation level to another gradation level. FIG. 34 corre-
sponds to relatively high liquid crystal temperature Tp, and
FIG. 35 corresponds to relatively low liquid crystal tempera-
ture Tp (note that, the liquid crystal 61 is the MVA mode).

[0333] From comparison between the graph of FIG. 34 and
the graph of FIG. 35, it is understood that a difference TW
between a maximum value and a minimum value of the
response time is different depending on the liquid crystal
temperature Tp (the difference TW[MVA,HOT] athighliquid
crystal temperature Tp is smaller than the difference TW
[MVA,COLD)] at low liquid crystal temperature Tp). In addi-
tion, in the graph of FIG. 34 and the graph of FIG. 35, the
response time is decreased gradually from the Oth gradation
level to 255th gradation level (the graph line is monotonously
decreased over a wide gradation range).

[0334] Inthe case where the difference TW is large in the
graph line, if there is a difference between occupancy of alow
gradation range and occupancy of a high gradation range in an
image (one frame image), image quality deterioration may
occur depending on characteristics of the backlight BL.
[0335] For instance, if the occupancy of the low gradation
range is high (namely, if the image has relatively low grada-
tion) at the low liquid crystal temperature Tp of approxi-
mately 20° C., the response speed Vr of the liquid crystal
molecules 61M becomes relatively low. If the duty factor of
the PWM dimming signal is set to be low for such liquid
crystal molecules 61M, multiple outlines may occur as illus-
trated in FIG. 15. Therefore, in this case, the duty factor of the
PWM dimming signal is set to be high for preventing the
multiple outlines.

[0336] On the contrary, if the occupancy of the high grada-
tion range is high (namely, if the image has relatively high
gradation), the response speed Vr of the liquid crystal mol-
ecules 61M becomes relatively high. Therefore, in this case,
the duty factor of the PWM dimming signal should be set to
be low for improving the clearness or the like of the image
quality (namely, so that the black insertion effect of the PWM
dimming signal can be obtained conspicuously).

[0337] Then, if the duty factor is changed according to the
occupancy of the gradation range in the image, as illustrated
in the flowchart of FIG. 36 (STEP 1 to STEP 4 are the same as
described above), the duty factor setting portion 14 obtains
the histogram data HGM from the calculation processing
portion 13 (STEP 55). Next, the duty factor setting portion 14
obtains the gradation threshold value (gradation threshold
value data) set according to the liquid crystal temperature Tp
stored in the memory 17 inadvance and judges whether or not
the specific gradation range can be set (STEP 56).

[0338] For instance, if the liquid crystal temperature Tp is
high, the difference TW[MVA,HOT] is relatively small as
illustrated in FIG. 34. Then, a difference of the response time
due to a gradation change at high liquid crystal temperature
Tp is smaller than a difference of the response time due to a
gradation change at low liquid crystal temperature Tp.
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[0339] Therefore, if the difference of the response time due
to a gradation change when the liquid crystal temperature Tp
is highis set to be an allowable range, when this liquid crystal
temperature Tp is high, it is unnecessary to set, using the
histogram data HGM, a specific gradation range in which the
duty factor should be changed (for example, the low gradation
range) (in the case of NO in STEP 56). Therefore, in this case,
the duty factor setting portion 14 sets the duty factor consid-
ering only the response speed Vr corresponding to the liquid
crystal temperature Tp (STEP 4).

[0340] On the contrary, as illustrated in FIG. 35, if the
difference of the response time due to a gradation change
when the liquid crystal temperature Tp is low is set to be
outside the allowable range, the duty factor setting portion 14
tries to change the duty factor using the histogram data HGM
(in the case of YES in STEP 56). Specifically, the duty factor
setting portion 14 sets the specific gradation range in which
the duty factor should be changed from the histogram data
HGM and the gradation threshold value set corresponding to
the liquid crystal temperature Tp stored in the memory 17
(STEP 57). For instance, if the liquid crystal temperature Tp
is low (for example, approximately 20° C.) in the MVA mode
liquid crystal 61, a range from the Oth gradation level to 128th
gradation level is set as the specific gradation range as illus-
trated in FIG. 35 (namely, the gradation range of 0 or larger
and 128 or smaller in the entire gradation range of O or larger
and 255 or smaller is set as the specific gradation range).
[0341] Further, the duty factor setting portion 14 obtains
the occupancy of the specific gradation range in the image
(one frame image) from the histogram data HGM, and com-
pares the occupancy with the threshold value concerning the
occupancy of the specific gradation range (occupancy thresh-
old value; for example, 50%) stored in the memory 17 (STEP
58).

[0342] Then,ifthe occupancy is not equalto or smaller than
the threshold value (namely, if the occupancy is larger than
the occupancy threshold value; in the case of NO in STEP 58),
it can be said that the image is a low gradation image con-
taining a high frequency of gradations in the specific grada-
tion range from the Oth gradation level to 128th gradation
level, for example. Then, in order to prevent occurrence of the
multiple outlines as illustrated in FIG. 15, the duty factor
setting portion 14 sets a large duty factor, for example, 100%
considering only the response speed Vr corresponding to the
liquid crystal temperature Tp (STEP 4).

[0343] On the contrary, if the occupancy is equal to or
smaller than the threshold value (in the case of YES in STEP
58), it can be said that the image is a high gradation image
containing only a small frequency of gradations in the specific
gradation range from the Oth gradation level to 128th grada-
tion level, for example. Then, the duty factor setting portion
14 judges whether or not the last duty factor needs to be
changed according to the occupancy (STEP 59). It is because
the last duty factor, namely the duty factor setin STEP 4 may
not be different from the duty factor in the case where the
occupancy is high (namely, in the case of a low gradation
image).

[0344] Then,ifthe duty factor setting portion 14 judges that
the last duty factor needs to be changed (in the case of YES in
STEP 59), the duty factor is set considering the response
speed Vr corresponding to the liquid crystal temperature Tp
and the gradations (namely, histogram data HGM) (STEP
60). For instance, if a relatively high gradation image is dis-
played on the liquid crystal display panel 60 of the MVA
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mode liquid crystal display device 90, the duty factor setting
portion 14 sets a low duty factor, for example, 50% (note that,
a tendency of the magnitude of the duty factor corresponding
to a magnitude relationship of the occupancy is shown in the
table of FIG. 37). With this structure, clearness or the like of
image quality is improved.

[0345] On the other hand, if the duty factor setting portion
14 judges that the last duty factor does not need to be changed
(in the case of NO in STEP 59), the duty factor is set consid-
ering only the response speed Vr corresponding to the liquid
crystal temperature Tp (STEP 4).

[0346] In other words, in the control unit 1, the histogram
unit 18 generates a histogram of the video signal so as to
generate histogram data HGM of a frequency distribution of
the gradation. Further, the control unit 1 divides the entire
gradation of the histogram data HGM and judges whether or
not occupancy of at least one specific gradation range among
the divided gradation ranges exceeds the occupancy threshold
value.

[0347] Then, the duty factor in the case where the occu-
pancy threshold value is exceeded is set to be higher than the
duty factor in the case where the occupancy threshold value is
not exceeded. On the other hand, the duty factor in the case
where the occupancy threshold value is not exceeded is set to
be lower than the duty factor in the case where the occupancy
threshold value is exceeded (note that, the current value AM
may be changed according to the change of the duty factor).
[0348] Note that, in the MVA mode liquid crystal 61, in the
case where the liquid crystal temperature Tp is approximately
20° C., the above-mentioned specific gradation range from
the Oth gradation level to 128th gradation level, and the occu-
pancy threshold value of 50% for the occupancy of the spe-
cific gradation range are merely examples (a plurality of
specific gradation ranges may be prepared). For instance,
according to temperature data of the panel thermistor 83,
namely, the liquid crystal temperature Tp, at least one of the
specific gradation range and the occupancy threshold value
may be changed. Therefore, for example, also in the case of
the liquid crystal temperature Tp as illustrated in F1G. 34, the
specific gradation range may be set.

[0349] Inaddition, as illustrated in FIGS. 38 and 39, in the
IPS mode liquid crystal 61, the difference TW between the
maximum value and the minimum value of the response time
is relatively small in both the case where the liquid crystal
temperature Tp is high (see FIG. 38) and the case where the
same is low (see FIG. 39) (note that, FIGS. 38 and 39 show,
similarly to FIGS. 34 and 35, inclined response time of the
liquid crystal molecules 61M that is changing gradation from
the Oth gradation level to another gradation level). The point
is that FIGS. 38 and 39 are flat graph lines compared with
FIG. 35, for example.

[0350] Inother words, a difference of the response time due
to a gradation change is relatively small at both high and low
liquid crystal temperatures Tp. Therefore, the specific grada-
tion range in the image is set, and further the duty factor may
not be changed according to the occupancy of the specific
range. However, the duty factor may be changed according to
the video signal support function in some cases.

[0351] (Combination of Various Functions)

[0352] By the way, the FRC processing function, the view-
ing mode setting function, the environmental support func-
tion, and the video signal support function described above
may act in various combinations. In this case too, the duty
factor may be changed.
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[0353] For instance, as illustrated in the flowchart of FIG.
36, if the duty factor is changed according to the video signal
support function, after YES in STEP 59, as illustrated in the
flowchart of FIG. 40, the duty factor setting portion 14 may
Jjudge presence or absence of the FRC processing (STEP 61).
Then, if the FRC processing is not performed (in the case of
NO in STEP 61), the duty factor setting portion 14 sets the
duty factor considering the response speed Vr corresponding
to the liquid crystal temperature Tp in STEP 60 and the
gradation (STEP 60).

[0354] On the other hand, even if there is the FRC process-
ing, the duty factor setting portion 14 judges whether or not
the last duty factor needs to be changed corresponding to the
FRC processing (STEP 62). Then, if the duty factor setting
portion 14 judges that the last duty factor does not need to be
changed (in the case of NO in STEP 62), the duty factor
setting portion 14 sets the duty factor considering the
response speed Vr corresponding to the liquid crystal tem-
perature Tp in STEP 60 and the gradation (STEP 60).

[0355] On the other hand, if the duty factor setting portion
14 judges that the last duty factor needs to be changed (in the
case of YES in STEP 62), the duty factor setting portion 14
next judges whether or not the last duty factor needs to be
changed according to the viewing mode (for example, the
motion picture level) (STEP 63). Then, if the duty factor
setting portion 14 judges that the last duty factor does not
need to be changed (in the case of NO in STEP 63), the duty
factor setting portion 14 sets the duty factor considering the
response speed Vr according to the liquid crystal temperature
Tp, the gradation, and the FRC processing (STEP 64).

[0356] On the other hand, if the duty factor setting portion
14 judges that the last duty factor needs to be changed (in the
case of YES in STEP 63), the duty factor setting portion 14
Jjudges whether or not the last duty factor needs to be changed
according to the illuminance data (STEP 65). Then, if the duty
factor setting portion 14 judges that the last duty factor does
not need to be changed (in the case of NO in STEP 65), the
duty factor setting portion 14 sets the duty factor considering
the response speed Vr according to the liquid crystal tempera-
ture Tp, the gradation, the FRC processing, and the viewing
mode (STEP 66).

[0357] Then,ifthe duty factor setting portion 14 judges that
the last duty factor needs to be changed (in the case of YES in
STEP 65), the duty factor setting portion 14 sets the duty
factor considering the response speed Vr according to the
liquid crystal temperature Tp, the gradation, and the FRC
processing, the viewing mode, and the illuminance data
(STEP 67).

[0358] Inother words, as illustrated in the flowchart of FIG.
40, even if the FRC processing function, the viewing mode
setting function, the environmental support function, and the
video signal support function are combined for action, the
duty factor setting portion 14 can change the duty factor (note
that, the current value AM may be changed according to the
change of the duty factor).

[0359] In addition, the order of the functions is not limited
to the order of the video signal support function, the FRC
processing function, the viewing mode setting function, and
the environmental support function as illustrated in the flow-
charts of FIGS. 36 and 40. The order may be changed. In
addition, the number of combinations of the functions is not
limited to four including the video signal support function,
the FRC processing function, the viewing mode setting func-
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tion, and the environmental support function. The number
may be three or smaller, or five or larger if there are other
various functions.

[0360] <In Regard to Numerical Example about Duty Fac-
tor of PWM Dimming Signal>

[0361] Note that, 50% and 100% are mainly exemplified
above as numerical examples of the duty factor. However, as
a matter of course, these values are not limitations.

[0362] For instance, FIGS. 41 to 44 are graphs similar to
FIGS. 14 to 17 (therefore, the scroll speed is 32 pixel/16.7
ms). FIG. 41 illustrates a case where the response speed Vr is
relatively low and the duty factor is 70%, and FIG. 42 illus-
trates a case where the response speed Vr is relatively low and
the duty factor is 30%. On the other hand, FIG. 43 illustrates
a case where the response speed Vr is relatively high and the
duty factor is 70%, and FIG. 44 illustrates a case where the
response speed Vr is relatively high and the duty factor is
30%. Comparing these diagrams with FIGS. 14 to 17, follow-
ings can be said.

[0363] From comparison between FIG. 41 and FIG. 14, a
step of the graph line that is not illustrated in FIG. 14 is
confirmed in FIG. 41. In other words, in FIG. 41, there are
continuous pixels having different integrated luminance
change degrees (namely, inclinations of the graph line of FIG.
14). However, a difference of the integrated luminance
change degree is not as large as illustrated in FIG. 15. There-
fore, the multiple outlines are not generated.

[0364] On the contrary, in FIG. 42, the difference of the
integrated luminance change degree is larger than in F1G. 15.
Therefore, multiple outlines are generated more than in FIG.
15. Therefore, if the response speed Vr of the liquid crystal
molecules 61M is relatively low, it is desired that the duty
factor be larger than 50%, preferably 70% or larger, more
preferably 100%. With this structure, the multiple outlines
can be prevented.

[0365] In addition, comparing FIG. 43 with FIG. 18, the
inclination of the graph line in FIG. 43 is larger than the
inclination of the graph line in FIG. 18 (however, the after-
image is still visible). Further, comparing F1G. 44 with FIG.
17, the inclination of the graph line in FIG. 44 is larger than
the inclination of the graph line in FIG. 17.

[0366] It is understood from these graphs that if the
response speed Vr of the liquid crystal molecules 61M is
relatively high, the effect of the black insertion becomes more
conspicuous as the duty factor is smaller (for example, clear-
ness or the like of the image quality is improved). In other
words, if the response speed Vr of the liquid crystal molecules
61M is relatively high, it is preferred that the duty factor be
50% or smaller, preferably 30% or smaller.

Second Embodiment

[0367] A second embodiment is described. Note that, a
member having the same function as the member used in the
first embodiment is denoted by the same numeral or symbol,
and description thereof is omitted.

[0368] Inthe first embodiment, the duty factor of the PWM
dimming signal, or the duty factor and the current value are
changed variously for improving image quality. Other such
control can be used to improve image quality. For instance,
image quality can be improved by changing the drive fre-
quency FQ[PWM] of the PWM dimming signal variously.
Therefore, the liquid crystal display device 90 that performs
such control is described below.
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[0369] <InRegard to Liquid Crystal Display Device>
[0370] FIGS. 45 to 47 are block diagrams illustrating vari-
ous members concerning a liquid crystal display device 90
(note that, FIGS. 46 and 47 are detailed block diagrams of
parts extracted from FIG. 45). As one of differences between
the liquid crystal display device 90 of the first embodiment
and the liquid crystal display device 90 ofthe second embodi-
ment, a set signal CS for setting the drive frequency of the
LED 71 (drive frequency FQ[PWM] of the PWM dimming
signal) is transmitted from the LED controller 30 to the LED
driver 85 (see FIGS. 45 and 47).

[0371] In addition, as illustrated in FIGS. 46 and 47, the
histogram data HGM(HGM[S]/HGM][L)) of the calculation
processing portion 13, various data (memory data DM) stored
in the memory 17, the mode type signal MD indicating a type
of the viewing mode of the viewing mode setting portion 16,
temperature data of the panel thermistor 83, and illuminance
data of the environmental illuminance sensor 84 are not trans-
mitted to the duty factor setting portion 14 but are transmitted
to the control unit 1 (specifically, LED controller 30). In
addition, the signal indicating presence or absence ofthe FRC
processing from the FRC processing portion 21 (ON/OFF
signal) is transmitted to the LED controller 30.

[0372] Specifically, the histogram data HGM, the memory
data DM, the mode type signal MD, the temperature data, the
illuminance data, and the ON/OFF signal are included in the
LED controller 30 and are transmitted to a drive frequency
changing portion 41 included in the LED controller 30. Then,
the drive frequency changing portion 41 switches the drive
frequency FQ[PWM] according to the liquid crystal tempera-
tre Tp.

[0373] For instance, if the frame frequency of the liquid
crystal display panel 60 is 120 Hz, and the drive frequency
FQ[PWM] of the PWM dimming signal is also 120 Hz (how-
ever, the duty factor is 50%), and if the liquid crystal tem-
perature Tp is low, the multiple outlines may be generated as
illustrated in FIG. 15. Therefore, in the first embodiment, the
duty factor setting portion 14 controls the duty factor to be
increased.

[0374] <In Regard to Image Quality Improvement Using
Drive Frequency of PWM Dimming Signal for Light Emis-
sion Control of LED>

[0375] In the case of the second embodiment, the duty
factor is not changed, but the drive frequency changing por-
tion 41 changes the drive frequency FQ[PWM] of the PWM
dimming signal to be a frequency higher than 120 Hz, for
example, 480 Hz. Then, similarly to FIG. 48 A corresponding
to FIG. 15 (similar to FIG. 13B), even if the drive frequency
FQ[PWM] is 480 Hz, light is supplied to the liquid crystal
display panel 60 continuously with a predetermined interval
in the response process time period CW (see FIG. 48B). Then,
the luminance value of the supplied light is smaller than the
maximum luminance value.

[0376] However, as apparent from comparison between
FIGS. 48A and 48B, in the response period CW, the number
ofhigh level periods of the PWM dimming signal is increased
more in the case where the drive frequency FQ[PWM] is 480
Hz than in the case where the drive frequency FQ[PWM] is
120 Hz.

[0377] Then, as illustrated in FIGS. 12B to 12E, when the
boundary between the black image and the white image is
moved, the integrated luminance corresponding to the vicin-
ity of the boundary becomes as illustrated in the graph of FIG.
49 (note that, the scroll speed is 32 pixel/16.7 ms). In other
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words, pixels receiving insufficient light for forming a com-
plete white color image are generated in the vicinity of the
boundary.

[0378] A pixel range PA[50L-480] in which such pixels are
continuous is recognized as pixels having a problem (see the
image diagram). Specifically, switching from the black image
to the white image is not performed at high speed, and pixels
having different integrated Iuminance change degrees
(namely, inclinations of the graph line illustrated in FIG. 49)
are included in the pixel range PA[501.-480]

[0379] However, unlike the case of FIG. 15, in the case of
FIG. 49, the number of high level periods of the PWM dim-
ming signal is large in the response process time period CW.
Then, the number of steps of the graph line in FIG. 49 due to
the integrated luminance change degree is larger than the
number of steps of the graph line of FIG. 15. In this case, the
graph line in F1G. 49 is the same as the graph line of FIG. 14
in pseudo manner. Therefore, in the case of FIG. 49, not the
multiple outlines but only the afterimage is generated. In
other words, it is possible to prevent occurrence of the mul-
tiple outlines that may be the largest cause of worst image
quality deterioration.

[0380] <<Drive Frequency Changein PWM Dimming Sig-
nal>>

[0381] In view of the result illustrated in FIG. 49 as
described above, if the drive frequency FQ[PWM] of the
PWM dimming signal is changed according to the response
speed Vr of the liquid crystal molecules 61M in the liquid
crystal display device 90, it is possible to reflect the response
characteristics of the liquid crystal molecules 61M so that
quality of an image displayed on the liquid crystal display
panel 60 can be improved (for example, occurrence of mul-
tiple outlines can be suppressed, while clearness or the like is
improved).

[0382] In other words, as shown in the table of FIG. 50, if
the response speed Vr of the liquid crystal molecules 61M is
relatively high, the LED 71 should be driven at relatively low
drive frequency FQ[PWM]. On the other hand, if the response
speed Vrofthe liquid crystal molecules 61M is relatively low,
the LED 71 should be driven at relatively high drive fre-
quency FQ[PWM)].

[0383] Note that, as described above in the first embodi-
ment, the threshold value (response speed data threshold
value) for determining high or low of the response speed Vris
set arbitrarily. Therefore, tables are generated using arrows
similarly to FIGS. 20 and 21, and hence tables shown FIGS.
51 and 52 are obtained.

[0384] Inother words, there is at least one arbitrary thresh-
old value so that a plurality of ranges of arbitrary response
speed Vr are set with a boundary of the threshold value, and
the drive frequency FQ[PWM] should be changed for each
range. With this structure, the response speed Vr of the liquid
crystal molecules 61M is divided in steps, and image quality
can be improved according to the step.

[0385] In particular, it is preferred to change the drive fre-
quency FQ[PWM] for each range of the response speed Vr so
as to have an opposite relationship with a magnitude relation-
ship about the plurality of ranges of the response speed Vr. For
instance, as illustrated in FIG. 51, if the value of the response
speed Vr is a small value Vr1, the drive frequency FQ[PWM]
should be a large value FQ[PWM]2. If the value of the
response speed Vr is a large value Vr2, the drive frequency
FQ[PWM] should be a small value FQ[PWM]1 (note that, a
magnitude relationship of the data value of the response speed
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Vris Vrl<Vr2, and a magnitude relationship of the data value
of the drive frequency FQ[PWM] is FQ[PWM]1<FQ[PWM]
2).

[0386] Here, one of variation factors of the response speed
Vr of the liquid crystal molecules 61M in the liquid crystal
display device 90 as one product is temperature Tp of the
liquid crystal molecules 61M. Therefore, by adding a magni-
tude relationship ofthe data value of the temperature Tp to the
table of FIG. 52, a table shown in FIG. 53 is obtained. Then,
in order to obtain the data value of the response speed Vr from
the temperature Tp of the liquid crystal molecules 61M, the
control unit 1 of the liquid crystal display device 90 works as
follows, for example.

[0387] Specifically, as illustrated in FIG. 47, the drive fre-
quency changing portion 41 of the LED controller 30
included in the control unit 1 obtains the measured tempera-
ture data (temperature data) from the panel thermistor 83.
Then, the drive frequency changing portion 41 obtains one of
the memory data DM stored in the memory 17.

[0388] Specifically, this memory data DM is a data table of
the response speed Vr of the liquid crystal molecules 61M
depending on the temperature of the liquid crystal 61 (liquid
crystal temperature Tp). In other words, the drive frequency
changing portion 41 obtains the response speed Vr by asso-
ciating the temperature data of the panel thermistor 83 with
the liquid crystal temperature Tp of the data table.

[0389] Then, the drive frequency changing portion 41 sets
the drive frequency FQ[PWM] of the PWM dimming signal
corresponding to the obtained response speed Vr. Note that,
this method of setting the drive frequency FQ[PWM] is not
limited in particular. For instance, the drive frequency chang-
ing portion 41 may generate the set signal CS by its process-
ing after obtaining the response speed Vr, to thereby set the
drive frequency FQ[PWM], or may store by itself the data
table of the drive frequency FQ[PWM)] depending on the
response speed Vr and generate the set signal CS by using the
data table, to thereby set the drive frequency FQ[PWM].
[0390] <<In Regard to Other Factors>>

[0391] Here, the liquid crystal display device 90 also
includes the video signal support function, the FRC process-
ing function, the viewing mode setting function, and the
environmental support function as described above in the first
embodiment.

[0392] Further, there is a case where it is preferred that the
drive frequency FQ[PWM] of the PWM dimming signal
change according to the various functions. For instance, the
drive frequency changing portion 41 of the LED controller 30
obtains the temperature data of the panel thermistor 83 as
illustrated in the flowchart of FIG. 54 (STEP 101), and
obtains the response speed Vr of the liquid crystal molecules
61M (STEP 102).

[0393] Therefore, the drive frequency changing portion 41
Jjudges the response speed Vr (response speed data). Specifi-
cally, thedrive frequency changing portion 41 judges whether
or not setting of the drive frequency FQ[PWM)] needs to be
changed according to presence or absence of actions of the
various functions (STEP 103). For instance, if the response
speed Vris high and if the drive frequency FQ[PWM] is set to
be low regardless of presence or absence of actions of the
various functions, in the case where the black insertion effect
is obtained (in the case of NO in STEP 103), the drive fre-
quency changing portion 41 sets the drive frequency
FQ[PWM] to 120 Hz, for example, considering the response
speed Vr corresponding to the liquid crystal temperature Tp
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(STEP 104). With this structure, motion picture performance
or the like of the image quality is improved.

[0394] However, if the drive frequency changing portion 41

judges that it is desired to change setting of the drive fre-
quency FQ[PWM] due to a fact that there are actions of
various functions (in the case of YES in STEP 104), the drive
frequency changing portion 41 sets the drive frequency
FQ[PWM] considering the various functions. It is because
image quality can be securely improved with this structure.

[0395]

[0396] For instance, the drive frequency changing portion
41 may perform the judgment corresponding to luminance or
the like of the video signal (average signal level ASL or the
like). Usually, if the occupancy of the low gradation range is
high in one frame image, for example, (namely, if the image
is a relatively low gradation image), the light-on time of the
LED 71 is set to be short (namely, the duty factoris small). On
the other hand, if the occupancy of the low gradation range is
low (namely, if the image is a relatively high gradation
image), the light-on time of the LED 71 is set to be long
(namely, the duty factor is large).

[0397] Then, if the image has a relatively high gradation,
the liquid crystal molecules 61M may be conspicuous in the
response process time period CW by light from the LED 71
(namely the backlight BL), and as a result, multiple outlines,
afterimage, and the like can be generated.

[0398] Then, as illustrated in the flowchart of FIG. 54, the
drive frequency FQ[PWM] is changed according to the occu-
pancy of the gradation range in the image. Specifically, the
drive frequency changing portion 41 obtains the histogram
data HGM from the calculation processing portion 13 (STEP
105). Next, the drive frequency changing portion 41 obtains
the gradation threshold value (gradation threshold value data)
set according to the liquid crystal temperature Tp stored in the
memory 17 in advance and judges whether or not the specific
gradation range can be set (STEP 106).

[0399] Itisbecause, as described above in the first embodi-
ment, there is a case where the difference of the response time
due to a gradation change at high liquid crystal temperature
Tp is set to be allowable range as illustrated in FIG. 34, for
example.

[0400] When this liquid crystal temperature Tp is high as in
this case, it is unnecessary to set, using the histogram data
HGM, a specific gradation range in which the drive frequency
FQ[PWM] should be changed (in the case of NO in STEP
106). Therefore, in this case, the drive frequency changing
portion 41 sets the drive frequency FQ[PWM)] considering
only the response speed Vr corresponding to the liquid crystal
temperature Tp (STEP 104).

[0401] On the contrary, if the difference of the response
time due to a gradation change when the liquid crystal tem-
perature Tp is low is set to be outside the allowable range, the
drive frequency changing portion 41 tries to change the drive
frequency FQ[PWM] using the histogram data HGM (in the
case of YES in STEP 106).

[0402] Specifically, the drive frequency changing portion
41 sets the specific gradation range in which the drive fre-
quency FQ[PWM] should be changed from the histogram
data HGM and the gradation threshold value set correspond-
ing to the liquid crystal temperature Tp stored in the memory
17 (STEP 107). For instance, if the liquid crystal temperature
Tp is low (for example, approximately 20° C.) in the MVA

(Video Signal Support Function)



US 2012/0086684 Al

mode liquid crystal 61, a range from the Oth gradation level to
128th gradation level is set as the specific gradation range as
illustrated in FIG. 35.

[0403] Further, the drive frequency changing portion 41
obtains the occupancy of the specific gradation range in the
image (one frame image), and compares the occupancy with
the threshold value concerning the occupancy of the specific
gradation range (occupancy threshold value; for example,
50%) stored in the memory 17 (STEP 108).

[0404] Then,ifthe occupancy is not equal to or smaller than
the threshold value (namely, if the occupancy is larger than
the occupancy threshold value; in the case of NO in STEP
108), it can be said that the image is a low gradation image
containing a high frequency of gradations in the specific
gradation range from the Oth gradation level to 128th grada-
tion level, for example. Then, the duty factor of the PWM
dimming signal for a low gradation image is smaller than the
duty factor of the PWM dimming signal for a high gradation
image.

[0405] Therefore, the liquid crystal molecules 61M in the
response process time period CW are hardly conspicuous by
light from the LED 71, and as a result, multiple outlines,
afterimage, and the like are hardly generated. Therefore, the
drive frequency changing portion 41 sets the drive frequency
FQ[PWM] considering only the response speed Vr corre-
sponding to the liquid crystal temperature Tp to 120 Hz, for
example (STEP 104).

[0406] On the contrary, if the occupancy is equal to or
smaller than the threshold value (in the case of YES in STEP
108), it can be said that the image is a high gradation image
containing only a small frequency of gradations in the specific
gradation range from the Oth gradation level to 128th grada-
tion level, for example. Then, the drive frequency changing
portion 41 judges whether or not the last drive frequency
FQ[PWM] needs to be changed according to the occupancy
(STEP 109). It is because the last drive frequency FQ[PWM],
namely the drive frequency FQ[PWM] set in STEP 104 may
not be different from the drive frequency FQ[PWM)] in the
case where the occupancy is high (namely, in the case of'a low
gradation image).

[0407] Then, if the drive frequency changing portion 41
Judges that the last drive frequency FQ[PWM] needs to be
changed (in the case of YES in STEP 109), the drive fre-
quency FQ[PWM] is set considering the response speed Vr
corresponding to the liquid crystal temperature Tp and the
gradations (namely, histogram data HGM) (STEP 110).
[0408] For instance, if a relatively high gradation image is
displayed on the liquid crystal display panel 60 of the MVA
mode liquid crystal display device 90, the drive frequency
changing portion 41 sets a drive frequency FQ[PWM] to, for
example, 480 Hz (note that, a tendency of the magnitude of
the drive frequency changing portion 41 corresponding to a
magnitude relationship of the occupancy is shown in the table
of FIG. 55). With this structure, even if the duty factor is high
for the high gradation image compared with the low gradation
image, occurrence of the multiple outlines can be prevented.
[0409] On the other hand, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM]
does not need to be changed (in the case of NO in STEP 109),
the drive frequency FQ[PWM)] is set considering only the
response speed Vr corresponding to the liquid crystal tem-
perature Tp (STEP 104).

[0410] In other words, in the control unit 1, the histogram
unit 18 generates a histogram of the video signal so as to
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generate histogram data HGM of a frequency distribution of
the gradation. Further, the control unit 1 divides the entire
gradation of the histogram data HGM and judges whether or
not occupancy of at least one specific gradation range among
the divided gradation ranges exceeds the occupancy threshold
value.

[0411] Then, the drive frequency FQ[PWM] in the case
where the occupancy threshold value is exceeded is set to be
lower than the drive frequency in the case where the occu-
pancy threshold value is not exceeded. On the other hand, the
drive frequency in the case where the occupancy threshold
value is not exceeded is set to be higher than the drive fre-
quency in the case where the occupancy threshold value is
exceeded.

[0412] Note that, in the MVA mode liquid crystal 61, in the
case where the liquid crystal temperature Tp is approximately
20° C., the above-mentioned specific gradation range from
the Oth gradation level to 128th gradation level, and the occu-
pancy threshold value of 50% for the occupancy of the spe-
cific gradation range are merely examples as in the first
embodiment (a plurality of specific gradation ranges may be
prepared). In addition, the above-mentioned the drive fre-
quencies FQ[PWM] of 480 Hz and 120 Hz are merely
examples.

[0413] Inaddition, as illustrated in FIGS. 38 and 39, also in
the case of the IPS mode liquid crystal 61, similarly to the first
embodiment, the specific gradation range of the image is set,
and further the drive frequency FQ[PWM] may not be
changed according to the occupancy of the specific range.
However, the drive frequency FQ[PWM] may be changed
according to the video signal support function in some cases.
[0414] (FRC Processing Function)

[0415] In addition, as illustrated in a flowchart of FIG. 56
(STEP 101 to STEP 104 are the same as described above), the
drive frequency changing portion 41 may judge presence or
absence of the FRC processing (STEP 105). Specifically, the
drive frequency changing portion 41 receives a signal (ON/
OFF signal) indicating presence or absence of the FRC pro-
cessing from the FRC processing portion 21 of the LCD
controller 20.

[0416] Then, if the FRC processing is performed (in the
case of NO in STEP 125), the video change between frames
is relatively modest. Therefore, the inclination of the liquid
crystal molecules 61M in the response process time period
CW is hardly conspicuous. Therefore, in order to make the
motion picture performance conspicuous, the drive frequency
changing portion 41 sets the drive frequency FQ[PWM] that
is similar to the drive frequency FQ[PWM] considering the
response speed Vr corresponding to the liquid crystal tem-
perature Tp (STEP 104).

[0417] On the other hand, if the FRC processing is not
performed (in the case of YES in STEP 125), the drive fre-
quency changing portion 41 judges whether or not the last
drive frequency FQ[PWM] needs to be changed according to
the FRC processing (STEP 126). It is because there is a case
where the last drive frequency FQ[PWM], namely the drive
frequency FQ[PWM] setin STEP 104 may be the same as the
drive frequency FQ[PWM)] when the FRC processing is per-
formed.

[0418] Then, if the drive frequency changing portion 41
judges that the last drive frequency FQ[PWM] needs to be
changed (in the case of YES in STEP 126), the drive fre-
quency FQ[PWM] is set considering the response speed Vr
corresponding to the liquid crystal temperature Tp and the
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FRC processing (STEP 127). For instance, if there is no FRC
processing, the drive frequency changing portion 41
improves the drive frequency FQ[PWM)] (note that, a ten-
dency of the magnitude of the drive frequency FQ[PWM]
corresponding to the presence or absence of the FRC process-
ing is shown in the table of FIG. 5§7). With this structure,
occurrence of the multiple outlines can be prevented.

[0419] On the other hand, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM]
does not need to be changed (in the case of NO in STEP 126),
the drive frequency FQ[PWM)] is set considering only the
response speed Vr corresponding to the liquid crystal tem-
perature Tp (STEP 104).

[0420] In other words, the control unit 1 illustrated in FIG.
1 includes the FRC processing portion 21 that performs the
frame rate control processing, and the control unit 1 (specifi-
cally, the drive frequency changing portion 41) changes the
drive frequency FQ[PWM)] according to presence or absence
of the FRC processing by the FRC processing portion 21.
Note that, the drive frequency FQ[PWM] in the case where
the FRC processing is performed is lower than the drive
frequency FQ[PWM] in the case where the FRC processing is
not performed (see FIG. 57).

[0421] (Viewing Mode Setting Function)

[0422] Inaddition, the drive frequency changing portion 41
may perform the judgment according to the setting of the
viewing mode. Specifically, the drive frequency changing
portion 41 receives a mode type signal MD indicating a type
of the viewing mode from the viewing mode setting portion
16 of the video signal processing portion 10, for example, a
signal indicating Natural Mode having a relatively low
motion picture level.

[0423] Then, as illustrated in the flowchart of FIG. 58
(STEP 101 to STEP 104 are the same as described above), the
drive frequency changing portion 41 judges whether or not
the last drive frequency FQ[PWM] needs to be changed
according to the motion picture level (STEP 135). It is
because the last drive frequency FQ[PWM], namely the drive
frequency FQ[PWM] set in STEP 104 may be the same as the
drive frequency FQ[PWM] in the case where the motion
picture level is low.

[0424] Then, if the drive frequency changing portion 41
Judges that the last drive frequency FQ[PWM] needs to be
changed (in the case of YES in STEP 135), the drive fre-
quency FQ[PWM] is set considering the response speed Vr
corresponding to the liquid crystal temperature Tp and the
motion picture level (STEP 136). For instance, if Natural
Mode is set, the drive frequency changing portion 41
improves the drive frequency FQ[PWM)] (note that, a ten-
dency of the magnitude of the drive frequency FQ[PWM]
corresponding to a magnitude relationship of the motion pic-
ture level is shown in the table of F1G. 59). With this structure,
occurrence of the multiple outlines can be prevented.

[0425] On the other hand, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM)]
does not need to be changed (in the case of NO in STEP 135),
the drive frequency FQ[PWM)] is set considering only the
response speed Vr corresponding to the liquid crystal tem-
perature Tp (STEP 104).

[0426] Inother words, the control unit 1 includes the view-
ing mode setting portion 16 for switching the viewing mode
oftheliquid crystal display panel 60. When the viewing mode
setting portion 16 switches the viewing mode, the control unit

Apr. 12,2012

1 (specifically, the drive frequency changing portion 41)
changes the drive frequency FQ[PWM] according to the
selected viewing mode.

[0427] Then, as an example of the drive frequency
FQ[PWM] change, as described above, if the viewing mode
setting portion 16 sets the high motion picture level viewing
mode and the low motion picture level viewing mode accord-
ing to the motion picture level of the video data, the drive
frequency FQ[PWM)] is changed for each selected viewing
mode so as to have an opposite relationship with high or low
(magnitude relationship) of the motion picture level in a plu-
rality of viewing modes (see FIG. 59).

[0428] Inaddition, the drive frequency changing portion 41
may perform the judgment according to the setting of the
viewing mode of a different contrast ratio. Specifically. the
drive frequency changing portion 41 receives a signal mode
type signal MD indicating a type of the viewing mode from
the viewing mode setting portion 16, for example, a signal
indicating Cinema Mode having a relatively low contrast
ratio.

[0429] Then, as illustrated in the flowchart of FIG. 60
(STEP 101 to STEP 104 are the same as described above), the
drive frequency changing portion 41 judges whether or not
the last drive frequency changing portion 41 needs to be
changed according to the contrast ratio (STEP 145). It is
because the last drive frequency FQ[PWM], namely the drive
frequency FQ[PWM] setin STEP 104 may be the same as the
drive frequency FQ[PWM] in the case where the contrast
ratio is low.

[0430] Then, if the drive frequency changing portion 41
judges that the last drive frequency FQ[PWM] needs to be
changed (in the case of YES in STEP 145), the drive fre-
quency FQ[PWM] is set considering the response speed Vr
corresponding to the liquid crystal temperature Tp and the
contrast ratio (STEP 146). For instance, if Cinema Mode is
set, the drive frequency changing portion 41 improves the
drive frequency FQ[PWM] (note that, a tendency of the mag-
nitude of the drive frequency FQ[PWM] corresponding to a
magnitude relationship of the contrast ratio is shown in the
table of FIG. 61). With this structure, occurrence of the mul-
tiple outlines can be prevented.

[0431] On the other hand, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM]
does not need to be changed (in the case of NO in STEP 145),
the drive frequency FQ[PWM)] is set considering only the
response speed Vr corresponding to the liquid crystal tem-
perature Tp (STEP 104).

[0432] Inother words, if the viewing mode setting portion
16 sets a high contrast level viewing mode and a low contrast
level viewing mode according to a contrast level of the video
data, the drive frequency FQ[PWM] is changed for each
selected viewing mode so as to have an opposite relationship
with high or low (magnitude relationship) of the contrast level
in a plurality of viewing modes (see FIG. 61).

[0433] Note that, there are many types of viewing modes,
and the drive frequency changing portion 41 may set the drive
frequency FQ[PWM)] in combination of the various modes.
For instance, the drive frequency changing portion 41
receives the mode type signal MD indicating a type of the
viewing mode from the viewing mode setting portion 16, for
example, a signal indicating Natural Mode having a relatively
low motion picture level and Cinema Mode having a rela-
tively low contrast ratio.
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[0434] Then, as illustrated in the flowchart of FIG. 62
(STEP 101 to STEP 104 are the same as described above), the
drive frequency changing portion 41 judges whether or not
the last drive frequency FQ[PWM] needs to be changed
according to the motion picture level, for example (STEP
135). Then, if it is judged that the last drive frequency
FQ[PWM] does not need to be changed (in the case of NO in
STEP 135), the drive frequency changing portion 41 sets the
drive frequency FQ[PWM)] considering only the response
speed Vr corresponding to the liquid crystal temperature Tp
(STEP 104).

[0435] On the other hand, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM]
needs to be changed (in the case of YES in STEP 135), it is
further judged whether or not the last drive frequency
FQ[PWM] needs to be changed according to the contrast ratio
(STEP 156). Then, if the drive frequency changing portion 41
Judges that the last drive frequency FQ[PWM] needs to be
changed (in the case of YES in STEP 156), the drive fre-
quency FQ[PWM] is set considering the response speed Vr
corresponding to the liquid crystal temperature Tp, the
motion picture level, and the contrast ratio (STEP 157).

[0436] On the other hand, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM]
does not need to be changed (in the case of NO in STEP 156),
the drive frequency FQ[PWM] is set considering the response
speed Vr corresponding to the liquid crystal temperature Tp
and the motion picture level (STEP 136).

[0437] Note that, in the flowchart of FIG. 62, the motion
picture level is considered first, and then the contrast ratio is
considered, but this order may be different.

[0438] (Environmental Support Function)

[0439] Inaddition, the drive frequency changing portion 41
may perform the judgment according to brightness of the
environment in which the liquid crystal molecules 61M are
placed. Specifically, the drive frequency changing portion 41
receives illuminance data of the environmental illuminance
sensor 84 (namely, the drive frequency changing portion 41
judges brightness of the place where the liquid crystal display
device 90 is placed, based on illuminance measured by the
environmental illuminance sensor 84 that measures external
illuminance).

[0440] Then, as illustrated in the flowchart of FIG. 63
(STEP 101 to STEP 104 are the same as described above), the
drive frequency changing portion 41 judges whether or not
the last drive frequency FQ[PWM] needs to be changed
according to the illuminance data (STEP 165). It is because
the last drive frequency FQ[PWM)], namely the drive fre-
quency FQ[PWM] set in STEP 104 may be the same as the
drive frequency FQ[PWM] in the case where the illuminance
data is high (namely, in the case where the environment is
relatively bright).

[0441] Then, if the drive frequency changing portion 41
judges that the last drive frequency FQ[PWM] needs to be
changed (in the case of YES in STEP 165), the drive fre-
quency FQ[PWM] is set considering the response speed Vr
corresponding to the liquid crystal temperature Tp and the
illuminance data (STEP 166). For instance, if the liquid crys-
tal display device 90 is placed in a relatively dark environ-
ment, the drive frequency changing portion 41 improves the
drive frequency FQ[PWM] (note that, a tendency of the mag-
nitude ofthe drive frequency FQ[PWM] corresponding to the
a magnitude relationship of the illuminance data is shown in
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the table of FIG. 64). With this structure, occurrence of the
multiple outlines can be prevented.

[0442] On the other hand, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM]
does not need to be changed (in the case of NO in STEP 165),
the drive frequency FQ[PWM] is set considering only the
response speed Vr corresponding to the liquid crystal tem-
perature Tp (STEP 104).

[0443] In other words, the control unit 1 illustrated in FIG.
1 obtains the external illuminance data and changes the drive
frequency FQ[PWM] according to the illuminance data. Note
that, the drive frequency FQ[PWM] is changed for each illu-
minance data range so as to have an opposite relationship to
the magnitude relationship of the data value in each of a
plurality of illuminance data ranges (see FI1G. 64).

[0444] (Combination of Various Functions)

[0445] By the way, the video signal support function, the
FRC processing function, the viewing mode setting function,
and the environmental support function described above may
act in various combinations. In this case too, the drive fre-
quency FQ[PWM] may be changed.

[0446] For instance, as illustrated in the flowchart of FIG.
63, if the drive frequency FQ[PWM)] is changed according to
the environmental support function, after YES in STEP 165,
as 1llustrated in the flowchart of FIG. 65, the drive frequency
changing portion 41 may perform the judgment on the video
signal support function. In other words, the drive frequency
changing portion 41 obtains the histogram data HGM from
the calculation processing portion 13 (STEP 171), and further
obtains the gradation threshold value (gradation threshold
value data) that is set corresponding to the liquid crystal
temperature Tp stored in the memory 17 in advance. Thus, the
drive frequency changing portion 41 judges whether or not
the specific gradation range can be set (STEP 172).

[0447] Then, if it is judged that the setting of a specific
gradation range is not necessary (in the case of NO in STEP
172), the drive frequency changing portion 41 sets the drive
frequency FQ[PWM] considering the response speed Vr Cor-
responding to the liquid crystal temperature Tp and the illu-
minance data (STEP 166).

[0448] On theother hand, if the specific gradation range can
be set (in the case of YES in STEP 172), the drive frequency
changing portion 41 sets the specific gradation range (STEP
173), and further obtains the occupancy of the image in the
specific gradation range (one frame image). Then, the drive
frequency changing portion 41 compares the occupancy with
the threshold value of the occupancy of the specific gradation
range stored in the memory 17 (STEP 174).

[0449] Then, if the occupancy is not equal to or smaller than
the threshold value (inthe case of NO in STEP 174), it can be
said that the image is a low gradation image containing a high
frequency of gradations in the specific gradation range from
the Oth gradation level to the 128th gradation level, for
example. Therefore, the liquid crystal molecules 61M in the
response process time period CW are hardly conspicuous by
the light from the LED 71, and as a result, the multiple
outlines, the afterimage, and the like can hardly be generated.
Therefore, the drive frequency changing portion 41 sets the
drive frequency FQ[PWM] considering the response speed
Vrcorresponding to the liquid crystal temperature Tp and the
illuminance data (STEP 166).

[0450] On the contrary, if the occupancy is equal to or
smaller than the threshold value (in the case of YES in STEP
174), it can be said that the image is a high gradation image
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containing a low frequency of gradations in the specific gra-
dation range from the Oth gradation level to 128th gradation
level, for example. Then, the drive frequency changing por-
tion 41 judges whether or not the last drive frequency
FQ[PWM] needs to be changed according to the occupancy
(STEP 175).

[0451] Then, if the drive frequency changing portion 41
Judges that the last drive frequency FQ[PWM] needs to be
changed (in the case of YES in STEP 175; followed by the
flowchart of FIG. 66), presence or absence of the FRC pro-
cessing is determined (STEP 176). Then, if the FRC process-
ing is not performed (in the case of NO in STEP 176), the
drive frequency changing portion 41 sets the drive frequency
FQ[PWM] considering the response speed Vr corresponding
1o the liquid crystal temperature Tp, the illuminance data, and
the gradation (STEP 177).

[0452] On the other hand, if the FRC processing is per-
formed, the drive frequency changing portion 41 judges
whether ornot the last drive frequency FQ[PWM] needs to be
changed (STEP 178). Then, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM]
does not need to be changed (in the case of NO in STEP 178),
the drive frequency changing portion 41 sets the duty factor
considering the response speed Vr corresponding to the liquid
crystal temperature Tp, the illuminance data, and the grada-
tion (STEP 177).

[0453]  On the other hand, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM)]
needs to be changed (in the case of YES in STEP 178), it is
judged next whether or not the last drive frequency
FQ[PWM] needs to be changed according to the viewing
mode (for example, the motion picture level) (STEP 179).
Then, if the drive frequency changing portion 41 judges that
the last drive frequency FQ[PWM] does not need to be
changed (in the case of NO in STEP 179), the drive frequency
changing portion sets the duty factor considering the response
speed Vr corresponding to the liquid crystal temperature Tp,
the illuminance data, the gradation, and the FRC processing
(STEP 180).

[0454] On the other hand, if the drive frequency changing
portion 41 judges that the last drive frequency FQ[PWM]
needs to be changed (in the case of YES in STEP 179), the
drive frequency changing portion 41 sets the duty factor con-
sidering the response speed Vr corresponding to the liquid
crystal temperature Tp, the illuminance data, the gradation,
the FRC processing, and the viewing mode (STEP 181).
[0455] As illustrated in the flowcharts of FIGS. 63, 65, and
66, even if the environmental support function, the video
signal support function, the FRC processing function, and the
viewing mode setting function are combined for action, the
drive frequency changing portion 41 can change the drive
frequency changing portion 41.

[0456] In addition, the order of the functions is not limited
to the order of the environmental support function, the video
signal support function, the FRC processing function, and the
viewing mode setting function as illustrated in the flowcharts
of FIGS. 63, 65, and 66. The order may be changed. In
addition, the number of combinations of the functions is not
limited to four including the environmental support function,
the video signal support function, the FRC processing func-
tion, and the viewing mode setting function. The number may
be three or smaller, or five or larger if there are other various
functions.

<<In Regard to Value of Drive Frequency of PWM Dimming
Signal>>

[0457] By the way, the above description is directed to an
example in which, when the frame frequency is 120 Hz, the
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drive frequency FQ[PWM] of the PWM dimming signal is
120 Hz or 480 Hz as illustrated in FIG. 67 (note that, the duty
factor of the PWM dimming signal is 40% in FIG. 67). How-
ever, this is not a limitation.

[0458] Forinstance, the drive frequency FQ[PWM] may be
avaluelower than 480 Hz and higher than 120 Hz, such as 240
Hz or 360 Hz, or may be a value higher than 480 Hz (namely,
the drive frequency FQ[PWM] may be the same as the frame
frequency or higher). However, it is desired that the drive
frequency FQ[PWM] be an integral multiple of the frame
frequency because synchronization between the frame fre-
quency and the drive frequency FQ[PWM] can be easily
obtained.

[0459] Note that, if the deterioration of the image quality
does not occur excessively, the drive frequency FQ[PWM]
may be smaller than the frame frequency. For instance, the
drive frequency FQ[PWM] of the LED 71 may be 120 Hz for
the liquid crystal display panel 60 that is driven at the frame
frequency of 240 Hz, which has become widespread in the
market.

[0460] Note that, in this case, the control unit 1 matches a
low level period of the PWM dimming signal with at least one
frame period in the continuous frames. It is because deterio-
ration of image quality does not occur excessively.

[0461] In addition, the drive frequency FQ[PWM] of the
LED 71 may be 60 Hz (see FIG. 67) for the liquid crystal
display panel 60 that is driven at the frame frequency of 120
Hz. In this case of the drive frequency FQ[PWM] at 60 Hz,
although flickers are conspicuous a little, the effect of the
black insertion becomes remarkable (note that, in the case of
the drive frequency FQ[PWM] at 120 Hz or 480 Hz, no flicker
is conspicuous).

[0462] In addition, as illustrated in FIG. 48B, it is desired
that the last timing in one frame period be synchronized with
the last timing of the high level period in the PWM dimming
signal (note that, the frame frequency of the liquid crystal
display panel 60 is also 120 Hz, and one section along the time
axis between dotted lines indicates one frame).

[0463] With this structure, similarly to FIGS. 13A to 13D,
the low level period ofthe PWM dimming signal corresponds
to a time period in which the liquid crystal molecules 61M
start to be inclined (the beginning of the response process
time period CW), and light from the LED 71 does not enter.
Therefore, an image quality deterioration degree due to the
inclination of the liquid crystal molecules 61M can be
reduced.

Other Embodiments

[0464] Note that, the present invention is not limited to the
embodiments described above, and various modifications are
possible in the scope without deviating from the spirit of the
present invention.

[0465] <<Overdrive>>

[0466] For instance, in the liquid crystal display device 90,
an overdrive voltage may be applied to the liquid crystal 61 in
order to increase the response speed Vr of the liquid crystal
61. In other words, as illustrated in FIG. 68A (similar to FIG.
13B), even when the response speed Vr is relatively low, if the
applied voltage to the liquid crystal 61 is an overdrive (01D)
voltage, the upper graph of FIG. 68B is obtained.

[0467] Specifically, as is clear from comparison between
theresponse speed Vrillustrated in FIG. 68B and the response
speed Vr illustrated in FIG. 68A, the response speed Vr of
FIG. 68B corresponding to the first half of the response pro-
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cess time period CW is increased more rapidly than the
response speed Vr of FIG. 68A. Further, the response speed
Vr of FIG. 68B corresponding to the second half of the
response process time period CW is increased a little more
rapidly than the response speed Vr of FIG. 68A (namely, the
graph line of the upper graph of FIG. 68B shows an overshoot
in the first half of the response process time period CW).
[0468] With this structure, as illustrated in the lower graph
of FIG. 68B, the luminance value in the response process time
period CW 1is higher than the luminance value in the lower
graph of F1IG. 68A. Therefore, multiple outlines or the like as
illustrated in FIG. 15 are hardly generated. In other words, in
the liquid crystal display device 90, even if the control unit 1
performs the overdrive of the applied voltage to the liquid
crystal 61 according to the response speed of the liquid crystal
molecules 61M, image quality can be improved (for example,
clearness of image quality of motion picture can be
improved).

[0469] The point is that the control unit 1 has a function of
performing the overdrive of the applied voltage to the liquid
crystal 61. Then, the control unit 1 changes the duty factor of
the PWM dimming signal according to presence or absence
of the overdrive. Note that, the duty factor in the case where
the overdrive processing is performed is lower than the duty
factor in the case where the overdrive processing is not per-
formed (note that, the current value AM may be changed
according to the change of the duty factor).

[0470] Inaddition, the control unit 1 may change the drive
frequency FQ[PWM] of the PWM dimming signal according
to presence or absence of the overdrive. Note that, the drive
frequency FQ[PWM)] in the case where the overdrive process-
ing is performed is lower than the drive frequency FQ[PWM]
in the case where the overdrive processing is not performed.
Then, if the control unit 1 performs any one of the controls
described above, image quality of the liquid crystal display
device 90 can be improved.

[0471] <InRegard to Liquid Crystal Display Device>
[0472] In the first embodiment, the duty factor setting por-
tion 14 and the current value setting portion 15 are included in
the video signal processing portion 10 of the control unit 1.
However, those portions may be included in the LED control-
ler 30, rather than in the video signal processing portion 10. In
other words, the LED controller 30 may change the duty
factor of the PWM dimming signal, or the duty factor and the
current value thereof, using the duty factor setting portion 14
and the current value setting portion 15.

[0473] In addition, in the second embodiment, the drive
frequency changing portion 41 is included in the LED con-
troller 30. However, the drive frequency changing portion 41
may be included in the video signal processing portion 10,
rather than in the LED controller 30. In other words, the video
signal processing portion 10 may change the drive frequency
FQ[PWM] of the PWM dimming signal using the drive fre-
quency changing portion 41.

[0474] Inaddition, in the above description, the control unit
1 receives video and audio signals such as a television broad-
casting signal, and the video signal in the video and audio
signals is processed by the video signal processing portion
102. Therefore, a reception apparatus including the liquid
crystal display device 90 is a television broadcasting recep-
tion apparatus (so-called liquid crystal television set). How-
ever, the video signal processed by the liquid crystal display
device 90 is not limited to the television broadcasting. For
instance, the video signal may be a video signal contained in
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a recording medium that records contents such as movies, or
a video signal transmitted via the Internet.

[0475] The point is that the duty factor setting portion 14,
the current value setting portion 15, and the drive frequency
changing portion 41 may be included in any part of the control
unit 1, and should be designed so as to be able to act most
efficiently (namely, flexibility of designing the control unit 1
is high).

[0476] Note that, FIG. 69 illustrates a graph that integrates
the graphs concerning the vicinity of the boundary between
the black image and the white image displayed on the liquid
crystal display panels 60 according to the first and second
embodiments (in which the horizontal axis represents a pixel
position in the horizontal direction HL of the liquid crystal
display panel 60, and the vertical axis represents the normal-
ized luminance ofthe integrated luminance normalized by the
maximum value) (namely, FIG. 69 is a graph integrating
FIGS. 14 to 17, FIGS. 41 t0 44, and FIG. 49).

[0477] In view of this graph, the liquid crystal display
device 90 is designed so as to decrease the duty factor for
performing the black insertion if the response speed Vr of the
liquid crystal molecules 61M is high, and to increase the duty
factor for preventing the multiple outlines if the response
speed Vr of the liquid crystal molecules 61M is low. In addi-
tion, in order to prevent the multiple outlines, the liquid
crystal display device 90 is designed so as to set the PWM
dimming signal FQ[PWM)] of the LED 71 to be higher than
the drive frequency (frame frequency) of the liquid crystal
display panel 60.

[0478] Inother words, it is sufficient that the liquid crystal
display device 90 has at least one of the functions, that is, the
function described above in the first embodiment for chang-
ing the duty factor concerning the PWM dimming signal, or
the duty factor of the PWM dimming signal and the current
value thereof, and the function described above in the second
embodiment for changing the drive frequency FQ[PWM]
concerning the PWM dimming signal.

[0479] <In Regard to Local Dimming>

[0480] In addition, an exploded perspective view of the
liquid crystal display device 90 is illustrated in FIG. 70. As
illustrated in the figure, the liquid crystal display device 90
includes the backlight unit 70 in which a plurality of LEDs 71
are arranged in matrix. Then, the control unit 1 can control all
the LEDs 71 entirely. However, not limiting to this, light
emission can be controlled for each LED 71 (this technology
is referred to as local dimming).

[0481] Further, the control unit 1 can also divide the plu-
rality of LEDs 71 into sections and control the light emission
for one or more LEDs 71 in the divided section (see the
section divided by broken lines; note that, the divided section
of LEDs 71 is referred to as divided section of light sources
Gr). In other words, in this backlight unit 70, the LEDs 71 are
arranged so as to be capable of supplying light to a part of the
surface of the liquid crystal display panel 60.

[0482] Therefore, in the liquid crystal display device 90 of
the first embodiment, the control unit 1 may change the duty
factor, or the duty factor and the current value foreach divided
section of the LEDs 71. In addition, similarly, in the liquid
crystal display device 90 of the second embodiment, the
control unit 1 may change the drive frequency FQ[PWM)] for
each divided section of the LEDs 71.

[0483] Note that, as an example, if there are a plurality of
LEDs 71 in the divided section (divided section of light
sources Gr), the LEDs 71 may emit light in a line in a plane of
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the liquid crystal display panel 60, may emit light in a block
divided regularly in the plane, or further may emit light
according to a part area in the plane.

[0484] Note that, a specific example is as illustrated in FIG.
71. In the liquid crystal display panel 60 illustrated in the
upper side of FIG. 71, it is supposed that a high luminance
image (for example, a white image; AREA 1) is displayed in
the center, and a low luminance image (for example, a gray
color image; AREA 2) is displayed in the other region of the
liquid crystal display panel 60. The LEDs 71 of the backlight
unit 70 corresponding to such liquid crystal display panel 60
are illustrated in the lower side of FIG. 71.

[0485] 1t is supposed that the drive frequency FQ[PWM]
for agroup of LEDs 71 corresponding to AREA 1 (Grl; LEDs
71 with cross hatching) among the LEDs 71 of the backlight
unit 70 is set to 480 Hz, for example, corresponding to the
white image. On the other hand, the remaining LEDs 71
correspond to the gray color image corresponding to AREA 2.
Therefore, it is considered to set the frequency to 120 Hz.
However, all the remaining LEDs 71 are set not to be driven
at the drive frequency FQ[PWM] of 120 Hz.

[0486] Specifically, a group of LEDs 71 (Gr2; LEDs 71
with hatching) corresponding to the vicinity of the boundary
between the white image (AREA 1) and the gray color image
(AREA 2) is set to have the drive frequency FQ[PWM] lower
than 480 Hz, for example, 360 Hz, and the other LEDs 71
(Gr3; LEDs 71 with dots) are set to be driven at the drive
frequency FQ[PWM] of 120 Hz.

[0487] Usually, in the vicinity of the boundary between the
white image and the gray color image, light resulting from the
high drive frequency FQ[PWM] corresponding to the white
image is apt to enter the side of the gray color image. In this
case, even if the LED 71 is to be driven at a low drive fre-
quency FQ[PWM] for the gray color image so as to obtain the
black insertion effect, the light resulting from the high drive
frequency FQ[PWM] enters the side of the gray color image.
Ags aresult, the black insertion effect can be hardly obtained.
[0488] However, if a group of LEDs 71 (Gr2) correspond-
ing to the vicinity of the boundary between the white image
and the gray color image is driven at the drive frequency
FQ[PWM] of360 Hz, the drive frequency FQ[PWM] is lower
than the frequency for a group of LEDs 71 (Grl) correspond-
ing to the white image. Therefore, a decrease of the black
insertion effect can be reduced.

[0489] Note that, as an example of the local dimming back-
light unit 70, a so-called direct type backlight unit 70 is
exemplified. However, this is not a limitation. For instance, as
illustrated in FIG. 72, it is possible to use a backlight unit
(tandem type backlight unit) 70 including a tandem type light
guide plate 72 formed by arranging wedge-shaped light guide
pieces 72p. It is because even this backlight unit 70 can
control exiting light for each of the light guide pieces 72p and
hence can irradiate partially a display region of the liquid
crystal display panel 60. Then, because any local dimming
(active area type) backlight unit 70 can irradiate the liquid
crystal display panel 60 partially, power consumption can be
reduced. In addition, because the duty factor or the duty factor
and the current value can be changed locally, partial light
intensity control can be performed. Therefore, a variation of
the luminance level can be reduced, and an optimal image
quality can be provided.

[0490] <Other Modes of Liquid Crystal>

[0491] In addition, in the above description, the TN mode,
the VA mode, the IPS mode, the OCB mode, and the like are
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exemplified as modes of the liquid crystal 61, and the MVA
mode as an example of the VA mode is described with refer-
ence to FIGS. 5 to 8, and further the IPS mode is described
with reference to FIGS. 9 and 10. However, other liquid
crystal modes may be adopted.

[0492] For instance, a mode of the liquid crystal 61 as
illustrated in FIGS. 73 and 74 may be adopted (note that, this
mode is referred to as a vertical alignment-in-plane switching
(VA-IPS) mode). The liquid crystal 61 containing the liquid
crystal molecules 61M illustrated in these diagrams is posi-
tive type liquid crystal having positive dielectric anisotropy
(note that, arrows formed of dashed dotted lines in these
diagrams indicate light).

[0493] Then, the linear pixel electrodes 65P and the linear
counter electrodes 65Q are formed on one surface of the
active matrix substrate 62 facing the liquid crystal 61. In
particular, the electrodes 65P and 65Q are arranged to face
each other (note that, the shape of the electrodes 65P and 65Q
is not limited to the linear shape but may be the comb-like
shape as illustrated in F1G. 11).

[0494] Further, as illustrated in FIG. 73, the liquid crystal
molecules 61M are oriented so that the major axis direction
thereof is along the direction perpendicular to the substrates
62 and 63 (the direction in which the substrates 62 and 63 are
arranged in parallel) (for example, orientation film material
(not shown) having an orientation regulating force is applied
to the electrodes 65P and 65Q so that initial orientation in no
electric field is designed).

[0495] Then, if the polarizing film 64P and the polarizing
film 64Q are in cross-Nicol arrangement, the backlight BL
that has passed through the active matrix substrate 62 does not
exit to the outside (namely. the liquid crystal display panel 60
is in a normally black mode).

[0496] Ontheotherhand, if a voltage is applied between the
pixel electrode 65P and the counter electrode 65Q, the liquid
crystal molecules 61M tend to incline along the direction of
the electric field generated between the electrodes 65P and
65Q. Then, the electric field direction is an arcuate along the
direction LD in which the pixel electrode 65P and the counter
electrode 65Q are disposed in parallel (namely, an arcuate
electric flux line is generated along the direction LD in which
the pixel electrode 65P and the counter electrode 65Q are
disposed in parallel with extension of the curve directed to the
counter substrate 63; see double dot and dashed line in FIG.
74).

[0497] Then, the liquid crystal molecules 61M whose ini-
tial orientation is set to be along the direction perpendicular to
the substrates 62 and 63 are affected by the arcuate electric
field direction to be as follows. Specifically, as illustrated in
FIG. 74, the liquid crystal molecules 61M close to an inter-
mediate portion between the electrodes 65P and 65Q remain
to be along the direction perpendicular to the substrates 62
and 63, while most other liquid crystal molecules 61M are
oriented so that the major axis direction thereof is along the
arcuate electric field direction (note that, though not illus-
trated, the liquid crystal molecules 61M close to the interme-
diate portion between the electrodes 65P and 65Q remain to
be along the direction perpendicular to the substrates 62 and
63).

[0498] Then, if the liquid crystal molecules 61M are ori-
ented in this manner, a part of the backlight BL thathas passed
through the active matrix substrate 62 exits to the outside as
light along the transmission axis of the polarizing film 64Q,
due to the inclination of the liquid crystal molecules 61M.
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[0499] In other words, though the liquid crystal molecules
61M in the VA-IPS mode are positive type similarly to the IPS
mode, if no voltage is applied to the electrodes 65P and 65Q,
the liquid crystal molecules 61M are oriented so that the
major axis direction thereof'is along the direction perpendicu-
lar to the two substrates 62 and 63 (to be the homeotropic
orientation).

[0500] Then, even if a voltage is applied to the both elec-
trodes 65P and 65Q), some of the liquid crystal molecules
61M are oriented so that the major axis direction thereof is
along the direction perpendicular to the two substrates 62 and
63, but other liquid crystal molecules 61M are oriented so that
the major axis direction thereof is along the arcuate electric
field direction between the electrodes 65P and 65Q when a
voltage is applied to the both electrodes 65P and 65Q. As a
result, when the voltage is applied, arcuately oriented liquid
crystal molecules 61M and liquid crystal molecules 61M
oriented like an arrow with respect to the arcuate shape (liquid
crystal molecules 61M along the direction perpendicular to
the substrates 62 and 63) are mixed in the liquid crystal
display panel 60.

[0501] Then, due to the orientation pattern of the liquid
crystal molecules 61M, a variation of the response speed Vr
among gradations of the liquid crystal molecules 61M is
different between the MVA mode and the IPS mode. There-
fore, FIGS. 75 and 76 illustrate graphs indicating response
time in inclination of the liquid crystal molecules 61M that
are changing the gradation from the Oth gradation level to
another gradation level in the VA-IPS mode liquid crystal 61.
Note that, FIG. 75 corresponds to relatively high liquid crys-
tal temperature Tp, and FIG. 76 corresponds to relatively high
liquid crystal temperature Tp. Further, the response time in
the MVA mode and the response time in the IPS mode in
addition to the VA-IPS mode are illustrated in the graphs of
FIGS. 77 and 78 (note that, FIG. 77 corresponds to relatively
high liquid crystal temperature Tp, and FI1G. 78 corresponds
to relatively high liquid crystal temperature Tp).

[0502] As shown in the graphs of FIGS. 77 and 78, in the
MVA mode, there is a tendency that the response time
becomes shorter as the display image has higher gradation.
This is because the voltage applied to the liquid crystal mol-
ecules 61M becomes relatively high in order to incline the
liquid crystal molecules 61M more largely.

[0503] On the other hand, though the IPS mode also has the
same tendency as the MVA mode, because of the character-
istic that the liquid crystal molecules 61M are rotated, a
response speed difference among gradations is smaller than
the MVA mode.

[0504] However, in the case of the VA-IPS mode, the
response time corresponding to the low gradation and the
high gradation is relatively short, and the response time cor-
responding to the intermediate gradation is relatively long.
The reason is as follows.

[0505] When a high gradation image is displayed in the
VA-IPS mode, a relatively high voltage is applied to the liquid
crystal molecules 61M similarly to the MVA mode and the
IPS mode. Therefore, the response time becomes short.
[0506] In addition, if a low gradation image is displayed,
though the applied voltage to the liquid crystal molecules
61M is relatively low, the liquid crystal molecules 61M are
apt to incline in an arcuate shape along the arcuate electric
field direction. In this case, a flow of the liquid crystal acts so
as to accelerate the orientation change. Therefore, the
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response time becomes short (note that, a flow effect is gen-
erated also in the case of high gradation).

[0507] On the other hand, if the intermediate gradation
image is displayed, the liquid crystal molecules 61M are apt
to incline in a more arcuate manner than in the case where a
low gradation image is displayed. In a vicinity of the inter-
mediate portion between the electrodes 65P and 65Q (spe-
cifically, a portion close to the center of the arcuate electric
field), there are liquid crystal molecules 61M that are always
along the direction perpendicular to the substrates 62 and 63.
[0508] Therefore, if other liquid crystal molecules 61M are
inclined to lean to the liquid crystal molecules 61M along the
direction perpendicular to the substrates 62 and 63, energy
density is increased in the region where the liquid crystal
molecules 61M are gathered. Then, if the energy density is
increased in this way, more energy is necessary to incline the
liquid crystal molecules 61M. Therefore, the response speed
Vr becomes low.

[0509] Because of the above-mentioned reason, in the case
of the VA-IPS mode, there is illustrated the graph line differ-
ent from those in the MVA mode and the IPS mode. Note that,
even inthe VA-IPS mode, as shown in FIG. 75 and FIG. 76, it
is understood that a difference TW between a maximum value
and a minimum value of the response time is different
depending on the liquid crystal temperature Tp (the differ-
ence TW[VA-IPS . HOT] at high liquid crystal temperature Tp
1s smaller than the difference TW [VA-IPS, COLD] at low
liquid crystal temperature Tp).

[0510] Therefore, in the case where the difference TW is
large in the graph line, if there is a difference among occu-
pancy of a low gradation range, occupancy of an intermediate
gradation range, and occupancy of a high gradation range in
an image (one frame image), image quality deterioration may
occur depending on characteristics of the backlight BL.
[0511] For instance, if the occupancy of the intermediate
gradation range is high (for example, the gradation range of
100 or larger and 192 or smaller in the entire gradation range
of 0 or larger and 255 or smaller) at the low liquid crystal
temperature Tp of approximately 20° C., the response speed
Vr of the liquid crystal molecules 61M becomes relatively
low. If the duty factor of the PWM dimming signal is set to be
low for such liquid crystal molecules 61M, multiple outlines
may occur as illustrated in FIG. 15. Therefore, in this case, the
duty factor of the PWM dimming signal is set to be high.
[0512] On the contrary, if the occupancy of the low grada-
tion range and the occupancy of the high gradation range are
high, the response speed Vr of the liquid crystal molecules
61M becomes relatively high. Therefore, in this case, the duty
factor of the PWM dimming signal should be set to be low
(namely, so that the black insertion effect of the PWM dim-
ming signal can be obtained conspicuously).

[0513] Therefore, even in the VA-IPS mode, similarly to the
MVA mode described above in the first embodiment, the
control unit 1 preferably sets the duty factor of the PWM
dimming signal using the histogram data HGM.

[0514] In other words, the control unit 1 divides the entire
gradation of the histogram data HGM and judges whether or
not occupancy of at least one specific gradation range among
the divided gradation ranges exceeds the occupancy threshold
value. Then, the duty factor in the case where the occupancy
threshold value is exceeded is set to be higher than the duty
factor in the case where the occupancy threshold value is not
exceeded. On the other hand, the duty factorin the case where
the occupancy threshold value is not exceeded is set to be
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lower than the duty factor in the case where the occupancy
threshold value is exceeded (the current value AM may be
changed according to the change of the duty factor).

[0515] For instance, in the VA-IPS mode liquid crystal 61,
if the liquid crystal temperature Tp is approximately 20° C.
and if the occupancy of a specific gradation range from 100th
gradation level to 192nd gradation level exceeds 50%
(namely, if the occupancy threshold value is 50%, and if the
occupancy threshold value is exceeded), the duty factor is set
to be relatively high, such as 100% or 70%. On the other hand,
if the occupancy is 50% or smaller, the duty factor is set to be
relatively low, such as 50% or 30% (note that, a tendency of
the magnitude of the duty factor corresponding to a magni-
tude relationship of the occupancy is shown in a table of FIG.
79).

[0516] Further, even in the VA-IPS mode, similarly to the
MVA mode described above in the second embodiment, the
control unit 1 preferably sets the drive frequency FQ[PWM]
of the PWM dimming signal using the histogram data HGM.

[0517] In other words, as described above, the control unit
1 divides the entire gradation of the histogram data HGM and
judges whether or not occupancy of at least one specific
gradation range among the divided gradation ranges exceeds
the occupancy threshold value. Then, the drive frequency
FQ[PWM] in the case where the occupancy threshold value is
exceeded is set to be lower than the drive frequency in the case
where the occupancy threshold value is not exceeded. On the
other hand, the drive frequency FQ[PWM] in the case where
the occupancy threshold value is not exceeded is set to be
higher than the drive frequency in the case where the occu-
pancy threshold value is exceeded.

[0518] Forinstance, in the VA-IPS mode, if the liquid crys-
tal temperature Tp is approximately 20° C. and if the occu-
pancy of a specific gradationrange from 100th gradation level
to 192nd gradation level exceeds 50%, in order to improve
motion picture performance, the drive frequency FQ[PWM]
is set to be low, such as 120 Hz. On the other hand, the drive
frequency FQ[PWM] in the case where the occupancy is 50%
orsmaller is set to be high, such as 480 Hz, so as to prevent the
multiple outlines (note that, a tendency of the magnitude of
the drive frequency FQ[PWM] corresponding to a magnitude
relationship of the occupancy is shown in a table of F1G. 80).

[0519] Note that, similarly to the MVA mode and the 1PS
mode, even in the case of the VA-IPS mode, at least one of the
specific gradation range and the occupancy threshold value
may be changed according to temperature data of the panel
thermistor 83 (namely, according to the liquid crystal tem-
perature Tp). For instance, even in the case of the liquid
crystal temperature Tp as shown in FIG. 75, the specific
gradation range may be set.

[0520] <In Regard to Program>

[0521] By the way, setting of the duty factor for the PWM
dimming signal, or setting of the duty factor and the current
value, or further setting of the drive frequency FQ[PWM)] is
realized by an LED control program (light source control
program). Then, this program is a program that can be
executed by a computer and may be recorded on a recording
medium that can be read by a computer. It is because the
program recorded on the recording medium can be portable.
[0522] Note that, as the recording medium, there are a tape
system such as a separative magnetic tape or a cassette tape,
a disc system such as a magnetic disk or an optical disc
including a CD-ROM, a card system such as an IC card
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(including a memory card) or an optical card, and a semicon-
ductor memory system such as a flash memory.

[0523] In addition, the control unit 1 may obtain the LED
control program by communication via a communication
network. Note that, the communication network may be a
wired or wireless network including the Internet, an infrared
communication, or the like.

REFERENCE SIGNS LIST

[0524] 1 control unit

[0525] 10 video signal processing portion

[0526] 11 timing adjusting portion

[0527] 12 histogram processing portion

[0528] 13 calculation processing portion

[0529] 14 duty factor setting portion

[0530] 15 current value setting portion

[0531] 16 viewing mode setting portion

[0532] 17 memory

[0533] 18 histogram unit

[0534] 20 LCD controller

[0535] 30 LED controller

[0536] 31 LED controller setting register group

[0537] 32 LED driver control portion

[0538] 33 serial to parallel conversion portion

[0539] 34 individual variation correction portion

[0540] 35 memory

[0541] 36 temperature correction portion

[0542] 37 time-deterioration correction portion

[0543] 38 parallel to serial conversion portion

[0544] 41 drive frequency changing portion

[0545] 50 microcomputer unit

[0546] 51 main microcomputer

[0547] 60 liquid crystal display panel

[0548] 61 liquid crystal

[0549] 61M liquid crystal molecule

[0550] 62 active matrix substrate

[0551] 63 counter substrate

[0552] 64P polarizing film

[0553] 64Q polarizing film

[0554] 65P pixel electrode (first electrode/second elec-
trode)

[0555]  65Q counter electrode (second electrode/first elec-
trode)

[0556] 66P slit (first slit/second slit)

[0557] 66Q) slit (second slit/first slit)

[0558] 67P rib (first rib/second rib)

[0559] 67Q rib (second rib/first rib)

[0560] 70 backlight unit

[0561] 71 LED (light source, light emitting element)

[0562] 81 gate driver

[0563] 82 source driver

[0564] 83 panel thermistor (first temperature sensor)

[0565] 84 environmental illuminance sensor (illuminance
sensor)

[0566] 85 LED driver

[0567] 86 LED thermistor

[0568] 87 LED luminance sensor
[0569] 90 liquid crystal display device

1. A liquid crystal display device, comprising:

a liquid crystal display panel that displays an image using
liquid crystal whose orientation is changed in response
to voltage application;
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a backlight unit incorporating a PWM dimming type light
source that emits light to be supplied to the liquid crystal
display panel; and

a control unit that controls the liquid crystal display panel
and the backlight unit, wherein:

the liquid crystal is interposed between two substrates
included in the liquid crystal display panel;

one of the two substrates has one surface facing the liquid
crystal side, on which a first electrode and a second
electrode are arranged to be opposed to each other;

liquid crystal molecules contained in the liquid crystal are
of positive type and are oriented so that a major axis
direction thereofis along a direction perpendicular to the
two substrates when no voltage is applied to the elec-
trodes; and

the control unit obtains response speed data of orientation
change of the liquid crystal molecules in the liquid crys-
tal and changes a duty factor of a PWM dimming signal
according to the response speed data.

2. A liquid crystal display device according to claim 1,
wherein the control unit has at least one arbitrary response
speed data threshold value, sets a plurality of arbitrary
response speed data ranges with respect to the at least one
response speed data threshold value as a boundary, and
changes the duty factor for each of the plurality of response
speed data ranges.

3. A liquid crystal display device according to claim 2,
wherein the duty factor is changed for the each of the plurality
of response speed data ranges so as to have an opposite
relationship to a magnitude relationship of data values in the
plurality of response speed data ranges.

4. A liquid crystal display device according to claim 3,
wherein, when the control unit sets two response speed data
ranges with respect to one response speed data threshold
value, the control unit is configured to;

drive the light source at a duty factor of arbitrary X % or
smaller if the response speed data is contained in higher
one of the two response speed data ranges which is equal
to or larger than the response speed data threshold value;
and

drive the light source at a duty factor of more than the
arbitrary X % if the response speed data is contained in
lower one ofthe two response speed dataranges which is
smaller than the response speed data threshold value.

5. A liquid crystal display device according to claim 4,
wherein the X % is 50%.

6. A liquid crystal display device according to claim 1,
wherein:

the light source is of PWM dimming type and is also of
current dimming type; and

the control unit changes a current value according to the
duty factor to drive the light source.

7. A liquid crystal display device according to claim 6,
wherein the control unit changes the current value of the
PWM dimming signal in a case of driving at a duty factor
other than 100%, so that an integrated amount of light emis-
sion in one cycle period of the PWM dimming signal is equal
10 an integrated amount of light emission at a duty factor of
100% in a period corresponding to the one cycle period.

8. A liquid crystal display device according to claim 1,
further comprising a first temperature sensor that measures
temperature of the liquid crystal,

wherein the control unit includes a storing portion that
stores the response speed data of the liquid crystal mol-
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ecules depending on liquid crystal temperature and
stores at least one piece of the response speed data as a
response speed data threshold value, and associates tem-
perature data of the first temperature sensor with the
liquid crystal temperature to obtain the response speed
data.

9. A liquid crystal display device according to claim 1,
wherein:

the control unit includes a histogram unit that generates a

histogram of video data, to thereby generate histogram

data indicating a frequency distribution for gradation;

the control unit divides the entire gradation of the histo-

gram data and judges whether or not occupancy of at

least one specific gradation range among divided grada-

tion ranges exceeds an occupancy threshold value; and

the control unit is configured to:

set the duty factor in a case where the occupancy thresh-
old value is exceeded to be higher than the duty factor
in a case where the occupancy threshold value is not
exceeded, and set the duty factor in the case where the
occupancy threshold value is not exceeded to be lower
than the duty factor in the case where the occupancy
threshold value is exceeded; or

set the duty factor in the case where the occupancy
threshold value is exceeded to be higher than the duty
factor in the case where the occupancy threshold
value is not exceeded, and set the duty factor in the
case where the occupancy threshold value is not
exceeded to be lower than the duty factor in the case
where the occupancy threshold value is exceeded, and
further change a current value of the PWM dimming
signal according to the duty factor.

10. A liquid crystal display device according to claim 9,
further comprising a first temperature sensor that measures
temperature of the liquid crystal,

wherein the control unit includes a storing portion that

stores the occupancy threshold value, and changes at
least one of the specific gradation range and the occu-
pancy threshold value of the occupancy according to
temperature data of the first temperature sensor.

11. A liquid crystal display device according to claim 1,
wherein:

the control unit includes an FRC processing portion that

performs frame rate control processing; and

the control unit changes the duty factor, or the duty factor

and a current value of the PWM dimming signal accord-
ing to presence or absence of the frame rate control
processing of the FRC processing portion.

12. A liquid crystal display device according to claim 11,
wherein the duty factor in a case where the frame rate control
processing is present is lower than the duty factor in a case
where the frame rate control processing is absent.

13. A liquid crystal display device according to claim 1,
wherein:

the control unit includes a viewing mode setting portion

that switches a viewing mode of the liquid crystal dis-
play panel; and

when the viewing mode setting portion switches the view-

ing mode, the control unit changes the duty factor, or the
duty factor and a current value of the PWM dimming
signal according to the selected viewing mode.

14. A Tliquid crystal display device according to claim 13,
wherein, when the viewing mode setting portion sets a high
motion picture level viewing mode and a low motion picture
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level viewing mode according to a motion picture level of
video data, the duty factor is changed for each of the selected
viewing modes so as to have an opposite relationship to a
magnitude relationship of the motion picture level in a plu-
rality of the viewing modes.

15. A liquid crystal display device according to claim 13,
wherein, when the viewing mode setting portion sets a high
contrast level viewing mode and a low contrast level viewing
mode according to a contrast level of video data, the duty
factor is changed for each of the selected viewing modes so as
to have an opposite relationship to a magnitude relationship
of the contrast level in a plurality of the viewing modes.

16. A liquid crystal display device according to claim 1,
wherein the control unit obtains external illuminance data and
changes the duty factor, or the duty factor and a current value
of the PWM dimming signal according to the external illu-
minance data.

17. A liquid crystal display device according to claim 16,
wherein the duty factor is changed for each of a plurality of
the illuminance data ranges so as to have an opposite rela-
tionship to a magnitude relationship of a data value of each of
the plurality of illuminance data ranges.

18. A liquid crystal display device according to claim 16,
further comprising an illuminance sensor that measures
external illuminance,

wherein the illuminance data comprises illuminance mea-

sured by the illuminance sensor.

19. A liquid crystal display device according to claim 1,
wherein the control unit synchronizes a last timing of one
frame period with a last timing of a high level period of the
PWM dimming signal.

20. A liquid crystal display device according to claim 1,
wherein the control unit matches a low level period of the
PWM dimming signal with a period of at least one frame in
continuous frames.

21. A liquid crystal display device according to claim 1,
wherein:

a plurality of the light sources are arranged so as to be

capable of supplying light to a part of a surface of the
liquid crystal display panel; and
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provided that the plurality of the light sources are divided
into sections so that one or more light sources in the
divided section are regarded as divided section of light
sources, the control unit changes the duty factor, or the
duty factor and the current value for each divided section
of light sources.

22. A liquid crystal display device according to claim 21,
wherein, when a number of light sources in the divided sec-
tion is plural, the divided section of light sources emits lightin
a line in a plane of the liquid crystal display panel, in a block
divided regularly in the plane, or in a part area in the plane.

23. A liquid crystal display device according to claim 1,
wherein the control unit has a function of performing an
overdrive of an applied voltage to the liquid crystal, and
changes the duty factor, or the duty factor and a current value
of the PWM dimming signal according to presence or
absence of the overdrive.

24. A light source control method for a liquid crystal dis-
play device comprising:

a liquid crystal display panel including liquid crystal
whose orientation is changed in response to voltage
application; and

a backlight unit incorporating a PWM dimming type light
source that emits light to be supplied to the liquid crystal
display panel,

the liquid crystal being interposed between two substrates
included in the liquid crystal display panel,

one of the two substrates having one surface facing the
liquid crystal side, on which a first electrode and a sec-
ond electrode are arranged to be opposed to each other,

liquid erystal molecules contained in the liquid crystal
being of positive type and being oriented so that a major
axis direction thereof is along a direction perpendicular
to the two substrates when no voltage is applied to the
electrodes, and

the light source control method comprising the step of
obtaining response speed data of orientation change of
the liquid crystal molecules in the liquid crystal and
changing a duty factor of a PWM dimming signal
according to the response speed data.

* 0 ok ok ok %k
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