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(7) ABSTRACT

In aliquid crystal display device capable of performing image
display while keeping a background in a transparent state,
field-sequential driving is performed without causing color
mixing.

A backlight (700) is configured by upper-side LEDs (71U)
and lower-side LEDs (71D) that are provided respectively in
an upper side and a lower side of a liquid crystal panel (800),
and an upper-side light guide plate (72U) and a lower-side
light guide plate (72D) for guiding emission light respectively
from the upper-side LEDs (71U) and the lower-side LEDs
(71D) to the liquid crystal panel (800). When a screen of a
color corresponding to each field which constitutes one frame
period is displayed, LEDs included in the upper-side LEDs
(71U) are turned into a light emission state and then LEDs
included in the lower-side LEDs (71D) are turned into the
light emission state, and the LEDs included in the upper-side
LEDs (71U) are turned into a light-off state and then the
LEDs included in the lower-side LEDs (71D) are turned into
the light-off state.
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FIG. 3
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, and in particular relates to a liquid crystal display
device allowing a far side of a screen to be seen.

BACKGROUND ART

[0002] In general, in a liquid crystal display device which
performs color display, one pixel is divided into three sub-
pixels of a red color pixel in which a color filter that transmits
red color light is provided, a green color pixel in which a color
filter that transmits green color light is provided, and a blue
color pixel in which a color filter which transmits blue color
light is provided. The color display is enabled by color filters
provided in these three sub-pixels, but about two thirds of
backlight light which is irradiated to a liquid crystal panel is
absorbed by the color filters. Therefore, a liquid crystal dis-
play device of a color filter system has a problem that light use
efficiency is low. Thus, a liquid crystal display device which
adopts field-sequential driving that performs color display
without using the color filters is being focused.

[0003] In a general liquid crystal display device which
adopts the field-sequential driving, a display period of one
screen (one frame period) is divided into three fields (first to
third fields). Note that, although the field is also referred to as
a sub-frame, the term of the field is consistently used in the
following description. For example, a red color screen is
displayed based on a red color component of an input signal
in the first field, a green color screen is displayed based on a
green color component of the input signal in the second field,
and a blue color screen is displayed based on a blue color
component of the input signal in the third field. By displaying
the primary colors one by one as described above. a color
image is displayed in a liquid crystal panel. Because display
of the color image is performed in this manner, a color filter is
unnecessary in the liquid crystal display device that adopts
the field-sequential driving. Thereby, light use efficiency in
the liquid crystal display device which adopts the field-se-
quential driving becomes about three times compared with
the liquid crystal display device of the color filter system.
[0004] Meanwhile, in a liquid crystal display device of an
active matrix type, generally, a plurality of gate bus lines
(scanning signal lines) provided in a liquid crystal panel are
driven one by one sequentially. Therefore, writing (charging)
of a pixel on an upper part of a panel to a pixel capacitance is
performed near a start of each field, writing (charging) of a
pixel on a center part of the panel to the pixel capacitance is
performed about in the middle of each field, and writing
(charging) of a pixel on a lower part of the panel to the pixel
capacitance is performed near an end of each field. Accord-
ingly, when the field-sequential driving is adopted, it is nec-
essary to cause a backlight to emit light in synchronization
with scanning being performed sequentially from the upper
part of the panel to the lower part of the panel. Note that, the
processing for causing the backlight to emit light sequentially
from the upper part of the panel to the lower part of the panel
is referred to as “backlight scanning” below.

[0005] Aninvention of a display device that performs back-
light scanning is disclosed, for example, in following litera-
tures. Japanese Unexamined Patent Application Publication
No. 2012-109227 discloses an invention of a display device
that performs backlight scanning by using a direct-type back-
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light. Further, Japanese Unexamined Patent Application Pub-
lication No. 2012-119311 discloses an invention of a display
device that performs backlight scanning by using an edge-

light type (side-light type) backlight.
CITATION LIST

Patent Literatures

[0006] PTL 1: Japanese Unexamined Patent Application
Publication No. 2012-109227

[0007] PTL 2: Japanese Unexamined Patent Application
Publication No. 2012-119311
SUMMARY OF INVENTION
Technical Problem

[0008] These days, a display device capable of performing
image display while keeping a background in a transparent
state (display device allowing a far side of a screen to be seen)
is being developed. Such a display device is called “a see-
through display”, “a transparent display” or the like. In the
see-through display, a display unit needs to be transparent.
Therefore, when the field-sequential driving is adopted in the
see-through display, it is impossible to adopt a configuration
that backlight scanning is performed by using a direct-type
backlight (configuration disclosed in Japanese Unexamined
Patent Application Publication No. 2012-109227). Further,
according to the configuration disclosed in Japanese Unex-
amined Patent Application Publication No. 2012-119311,
backlight scanning by using the edge-light type backlight is
realized by providing a reflection wall on a back face of a
panel, but it is impossible to make the display unit transparent
because the reflection wall is provided.

[0009] Here, description will be given for a conventional
method when the field-sequential driving is performed by
using an edge-light type backlight (hereinafter, referred to as
a “first method”). Note that, it is set that an LED (light emit-
ting diode) is adopted as a backlight light source. In the first
method, one frame period is divided into a first field for
displaying a red color screen, a second field for displaying a
green color screen, and a third field for displaying a blue color
screen as shown in FIG. 28. In FIG. 28, a high part of each
waveform represents a “light emission state” and alow part of
each waveform represents a “light-off state” (which are same
also in FIG. 10, FIG. 23, FIG. 25, FIG. 27 and FIG. 39). In the
first field, all LEDs of red color are in the light emission state
(light-on states) through one field period. In the second field,
all LEDs of green color are in the light emission state through
one field period. In the third field, all LEDs of blue color are
in the light emission state through one field period. In such a
configuration, when a target display image is an image as
shown in FIG. 11, a target display image in the first field is an
image as shown in FIG. 12, a target display image in the
second field is an image as shown in FIG. 13, and a target
display image in the third field is an image as shown in FIG.
14.

[0010] Inthe meantime, it requires from about several mil-
liseconds to ten and several milliseconds before a target trans-
mittance is reached after voltage is applied to a liquid crystal
in each pixel. When considering this point and a point that
gate bus lines are driven one by one sequentially, display
image at each time point during one frame period (refer to
FIG. 28) is as follows in the first method. In the first field, the
display images at a time point t81, a time point t82 and a time
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point t83 are images as shown in FIG. 29, FIG. 30 and FIG.
31, respectively. In the second field, the display images at a
time point t84, a time point t85 and a time point t86 are images
as shown in FIG. 32, FIG. 33 and FIG. 34, respectively. In the
third field, the display images at a time point t87, a time point
88 and a time point t89 are images as shown in FIG. 35, FIG.
36 and FIG. 37, respectively. As a result of this, with the first
method, an image which is viewed by human eyes is an image
in which color mixing occurs as shown in FIG. 38. Note that,
in this specification, the color mixing means that lights of
different colors are mixed unnecessarily.

[0011] In order to suppress the occurrence of color mixing
as described above, proposed is amethod for causing an LED
to emit light only in apartial period of a latter halfin each field
(hereinafter, referred to as a “second method™) is proposed.
For example, as shown in FIG. 39, the LED is turned into the
light emission state only in the last quarter period of each
field. At this time, luminance of the LED is a quadruple of
normal luminance. In the second method like this, display
images at each time point during one frame period (refer to
FIG. 39) are as follows. In the first field, the display images at
a time point t91 and a time point t92 are images as shown in
FIG. 40 and FIG. 41, respectively. In the second field, the
display images at a time point t93 and a time point t94 are
images as shown in FIG. 40 and FIG. 42, respectively. In the
third field, the display images at a time point t95 and a time
point t96 are images as shown in FIG. 40 and FIG. 43, respec-
tively. As a result of this, with the second method, an image
which is viewed by human eyes is an image in which color
mixing occurs in a lower part of a panel as shown in F1G. 44.
[0012] Further, a method for delaying a period in which the
LED s turned into the light emission state by a predetermined
period compared with the second method (hereinafter,
referred to as a “third method”) is considered. For example, it
is considered to delay the period in which the LED is turned
into the light emission state by one eighth field compared with
the example shown in FIG. 39. With the third method like this,
however, color mixing occurs in an upper part of the panel and
a lower part of the panel as shown in FIG. 45. That is, color
mixing is not eliminated.

[0013] Furthermore, a method for making a length of a
period for writing to a pixel capacitance (charging period) a
halfof aconventional one (hereinafter, referred to as a “fourth
method”) is proposed. In the liquid crystal display device
which adopts the field-sequential driving, however, a length
of a period for writing becomes one third compared with the
liquid crystal display device of the color filter system. There-
fore, with the fourth method, the length of the period for
writing becomes one sixth compared with the liquid crystal
display device of the color filter system. For realizing it, a
liquid crystal panel is required to have capability of writing to
the pixel capacitance with a frequency of 360 Hz, but the
realization is not easy at present. That is, it is not easy to
realize the fourth method.

[0014] Thus, the present invention aims to perform field-
sequential driving without causing color mixing in a liquid
crystal display device capable of performing image display
while keeping a background in a transparent state.

Solution to Problem

[0015] A first aspect of the present invention is a liquid
crystal display device, comprising a liquid crystal panel in
which a plurality of video signal lines and a plurality of
scanning signal lines are disposed and which is capable of
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displaying an image while keeping a background in a trans-
parent state; a liquid crystal panel driving unit that drives the
plurality of video signal lines and the plurality of scanning
signal lines; a backlight composed of a plurality of light
sources including light sources of K colors (K is an integer of
3 or more) provided on a back face side of the liquid crystal
panel; and a backlight driving unit that drives the backlight,
for performing display ofa color image by dividing one frame
period into a plurality of fields and displaying a screen of a
different color for each field, in which

[0016] when one side part and the other side part of the
liquid crystal panel in a direction in which the plurality of
video signal lines extend are defined as a first side part and a
second side part, respectively, the backlight has

[0017] a first light source group including the light sources
of the K colors, which are provided in a vicinity of the first
side part among the plurality of light sources,

[0018] a second light source group including the light
sources of the K colors, which are provided in a vicinity ofthe
second side part among the plurality of light sources,

[0019] a first light guide plate that is configured so that
luminance of the liquid crystal panel becomes low gradually
as being close to the second side part from the first side part
when all light sources included in the first light source group
are turned into a light emission state, for guiding light emitted
from the light sources included in the first light source group
to the liquid crystal panel, and

[0020] asecond light guide plate that is configured so that
the luminance of the liquid crystal panel becomes low gradu-
ally as being close to the first side part from the second side
part when all light sources included in the second light source
group are turned into the light emission state, for guiding light
emitted from the light sources included in the second light
source group to the liquid crystal panel,

[0021] the liquid crystal panel driving unit drives the plu-
rality of scanning signal lines one by one sequentially from a
scanning signal line disposed at a most proximate position to
the first side part to a scanning signal line disposed at a most
proximate position to the second side part, and

[0022] the backlight driving unit, when displaying a screen
of a color corresponding to each field,

[0023] turns alight source included in the first light source
group into the light emission state and then turns a light
source included in the second light source group into the light
emission state, and

[0024] turns the light source included in the first light
source group into a light-off state and then turns the light

source included in the second light source group into the
light-off state, and

[0025] when an arbitrary field of the plurality of fields is
defined as a focused field and a light source that is to be turned
into the light emission state for displaying a screen of a color
corresponding to the focused field is defined as an objective
light source, the backlight driving unit turns the objective
light source included in the first light source group into the
light emission state at a timing of tu-s obtained by a following
formula (A), turns the objective light source included in the
first light source group into the light-off state at a timing of
tu—e obtained by a following formula (B), turns the objective
light source included in the second light source group into the
light emission state at a timing oftd-s obtained by a following
formula (C), and turns the objective light source included in
the second light source group into the light-off state at a
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timing of td-e obtained by a following formula (D), with a
start time point of the focused field as a reference:

tu(s)=f~fa+res—ft A)
tu(e)=ffatres ®B)
td(s)~frfa-ft ©
td(e)~fifa @)

in which, frepresents a length of one field period, ft represents
a length of a light emission period of each light source, fa
represents a time required to drive the scanning signal line
included ina low-luminance area having predetermined lumi-
nance or less when all light sources included in either the first
light source group or the second light source group are turned
into the light emission state, and res represents a time required
for a liquid crystal to respond sufficiently.

[0026] A second aspect of the present invention is charac-
terized in that, in the first aspect of the present invention,

[0027] when the res is larger than the fa, the backlight
driving unit turns the objective light source included in the
second light source group into the light emission state at a
timing of td-s obtained by a following formula (E) and turns
the objective light source included in the second light source
group into the light-off state at a timing of td-e obtained by a
following formula (F), with the start time point of the focused
field as the reference:

td(s)Frres—ft )
td(e)~frres (F).
[0028] A third aspect of the present invention is character-

ized in that, in the first aspect of the present invention,

[0029] the fais /4,
[0030] the ftis /4, and
[0031] the low-luminance area is an area in which the lumi-

nance becomes 15% or less of maximum luminance when all
the light sources included in either the first light source group
or the second light source group are turned into the light
emission state.

[0032] A fourth aspect of the present invention is charac-
terized in that, in the first aspect of the present invention,

[0033] the first light guide plate contains a plurality of light
diffusion particles having different refractive indexes so that
the luminance of the liquid crystal panel becomes low gradu-
ally as being close to the second side part from the first side
part when all the light sources included in the first light source
group are turned into the light emission state,

[0034] the second light guide plate contains a plurality of
light diffusion particles having different refractive indexes so
that the luminance of the liquid crystal panel becomes low
gradually as being close to the first side part from the second
side part when all the light sources included in the second
light source group are turned into the light emission state, and

[0035] the first light guide plate and the second light guide
plate are configured so that the luminance becomes uniform
over the entire liquid crystal panel when all the light sources
included in the first light source group and all the light sources
included in the second light source group are turned into the
light emission state.

[0036] A fifth aspect of the present invention is character-
ized in that, in the first aspect of the present invention,
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[0037] the light sources of the K colors are light sources of
three colors composed of a red color light source, a green
color light source and a blue color light source,

[0038] one frame period is configured by at least three
fields including a field corresponding to a red color screen, a
field corresponding to a green color screen and a field corre-
sponding to a blue color screen, and

[0039] the backlight driving unit

[0040] turns the red color light source into the light emis-
sion state when the red color screen is displayed,

[0041] turns the green color light source into the light emis-
sion state when the green color screen is displayed, and

[0042] turns the blue color light source into the light emis-
sion state when the blue color screen is displayed.

Advantageous Effects of Invention

[0043] According to the first aspect of the present inven-
tion, in a liquid crystal display device which adopts field-
sequential driving, the backlight is provided with the light
sources of the K colors provided in both of upper and lower
sides of the liquid crystal panel (one side in a direction in
which the video signal lines extend is set as the upper side and
the other side is set as the lower side), the first light guide plate
that guides emission light from light sources provided in the
upper side of the liquid crystal panel (hereinafter, referred to
as “upper-side light sources”) to the liquid crystal panel, and
the second light guide plate that guides emission light from
light sources provided in the lower side of the liquid crystal
panel (hereinafter, referred to as “lower-side light sources™)
to the liquid crystal panel. In such a configuration, for dis-
playing a screen of a color corresponding to each field, first,
the upper-side light sources are turned into the light emission
state and the lower-side light sources are then turned into the
light emission state. At this time, by considering the length of
the light emission period of each light source, the time
required to drive the scanning signal line in the low-lumi-
nance area (the area having predetermined luminance or less
when all the light sources included in either the upper-side
light sources or the lower-side light sources are turned into the
light emission state), and the liquid crystal response time, a
light emission timing and a light-off timing for the upper-side
light sources, and a light emission timing and a light-off
timing for the lower-side light sources are determined. Here,
the first light guide plate is configured so that luminance
becomes low gradually as being close to a lower part of the
panel from an upper part of the panel when the upper-side
light sources are turned into the light emission state, and the
second light guide plate is configured so that luminance
becomes low gradually as being close to the upper part of the
panel from the lower part of the panel when the lower-side
light sources are turned into the light emission state. Thus, 1t
becomes possible to make the upper part of the panel and the
lower part of the panel bright sequentially. That is, it becomes
possible to perform backlight scanning in a pseudo manner.
Further, as described above, the light sources are provided in
both of upper and lower sides of the liquid crystal panel and a
constituent element such as a reflection wall does not need to
be provided in the liquid crystal panel. Thus, it is possible to
make the display unit of the liquid crystal panel transparent.
Accordingly, it is possible to perform field-sequential driving
while preventing occurrence of color mixing reliably in the
liquid crystal display device capable of displaying an image
while keeping a background in a transparent state.
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[0044] According to the second aspect of the present inven-
tion, the lower-side light sources are kept in the light emission
state until the liquid crystal is turned into a sufficiently
responding state in a pixel ofa lowest part of the liquid crystal
panel. Therefore, luminance and contrast in the lower part of
the liquid crystal panel become excellent.

[0045] According to the third aspect of the present inven-
tion, in the same manner as the first aspect of the present
invention, it is possible to perform field-sequential driving
while preventing occurrence of color mixing reliably in the
liquid crystal display device capable of displaying an image
while keeping a background in a transparent state.

[0046] According to the fourth aspect of the present inven-
tion, by configuring the light guide plates to contain the
plurality of light diffusion particles having different refractive
indexes, it is possible to perform field-sequential driving
without causing luminance non-uniformity or color mixing in
the liquid crystal display device capable of displaying an
image while keeping a background in a transparent state.
[0047] According to the fifth aspect of the present inven-
tion, an effect same as that of the first aspect of the present
invention is achieved by using general light sources.

BRIEF DESCRIPTION OF DRAWINGS

[0048] FIG. 1 is a schematic perspective view of a liquid
crystal display device for explaining a configuration of a
backlight in a first embodiment of the present invention.
[0049] FIG. 2 is a block diagram showing an overall func-
tional configuration of the liquid crystal display device
according to the first embodiment.

[0050] FIG.31isaview forexplaining arrangement of LEDs
in the first embodiment.

[0051] FIG. 4 is a view for explaining light guide plates in
the first embodiment.

[0052] FIG. 5 is a side view of the liquid crystal display
device for explaining a detailed configuration of the backlight
in the first embodiment.

[0053] FIG. 6 is a view for explaining light output to a
liquid crystal panel side from the light guide plates in the first
embodiment.

[0054] FIG. 7 is a view schematically showing a state of
light output from an upper-side light guide plate when all
upper-side LEDs are turned into a light emission state in the
first embodiment.

[0055] FIG. 8 is a view schematically showing a state of
light output from a lower-side light guide plate when all
lower-side LEDs are turned into the light emission state in the
first embodiment.

[0056] FIG. 9 is a view showing a configuration of one
frame period in the first embodiment.

[0057] FIG. 10 is a view for explaining a light emission
period of each LED in the first embodiment.

[0058] FIG. 11 is a view showing one example of a target
image.
[0059] FIG. 12 is a view showing a target display image in

a first field in the first embodiment.

[0060] FIG. 13 is a view showing a target display image in
a second field in the first embodiment.

[0061] FIG. 14 is a view showing a target display image in
a third field in the first embodiment.

[0062] FIG. 15 is a view showing a transition of a target
display image in the first embodiment.

[0063] FIG.16is a view showing a display image at a time
point t11 (refer to FIG. 10) in the first embodiment.
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[0064] FIG. 17 is a view showing a display image at a time
point t12 (refer to FIG. 10) in the first embodiment.

[0065] FIG. 18 is a view showing a display image at a time
point t13 (refer to FIG. 10) in the first embodiment.

[0066] FIG. 19 is a view showing a display image at a time
point t14 (refer to FIG. 10) in the first embodiment.

[0067] FIG. 20 is a view showing a display image at a time
point t15 (refer to FIG. 10) in the first embodiment.

[0068] FIG. 21 is a view showing a display image at a time
point t16 (refer to FIG. 10) in the first embodiment.

[0069] FIG. 22 is a view for explaining generalization of a
formula for obtaining a light emission period of LEDs in the
first embodiment.

[0070] FIG. 23 isaview for explaining generalization of the
formula for obtaining the light emission period ofthe LEDs in
the first embodiment.

[0071] FIG. 24 is a view showing a configuration of one
frame period in a second embodiment of the present inven-
tion.

[0072] FIG. 25 is a view for explaining a light emission
period of each LED in the second embodiment.

[0073] FIG. 26 is a view showing a configuration of one
frame period in a third embodiment of the present invention.
[0074] FIG. 27 is a view for explaining a light emission
period of each LED in the third embodiment.

[0075] FIG. 28 is a view showing a configuration of one
frame period in a conventional example (first method).
[0076] FIG. 29 is a view showing a display image at a time
point 181 (refer to FIG. 28) in the conventional example (first
method).

[0077] FIG. 30 is a view showing a display image at a time
point 182 (refer to FI1G. 28) in the conventional example (first
method).

[0078] FIG. 31 is a view showing a display image at a time
point 183 (refer to FIG. 28) in the conventional example (first
method).

[0079] FIG. 32 is a view showing a display image at a time
point 184 (refer to FIG. 28) in the conventional example (first
method).

[0080] FIG. 33 is a view showing a display image at a time
point 185 (refer to FI1G. 28) in the conventional example (first
method).

[0081] FIG. 34 is a view showing a display image at a time
point 186 (refer to FIG. 28) in the conventional example (first
method).

[0082] FIG. 35 is a view showing a display image at a time
point 187 (refer to FI1G. 28) in the conventional example (first
method).

[0083] FIG. 36 is a view showing a display image at a time
point 188 (refer to F1G. 28) in the conventional example (first
method).

[0084] FIG. 37 is a view showing a display image at a time
point 189 (refer to FIG. 28) in the conventional example (first
method).

[0085] FIG. 38 is a view showing an image viewed by
human eyes in the conventional example (first method).
[0086] FIG. 39 is a view showing a configuration of one
frame period in a conventional example (second method).
[0087] FIG. 40 is a view showing a display image at a time
point 191, a time point t93 and a time point t95 (refer to FIG.
39) in the conventional example (second method).

[0088] FIG. 41 is a view showing a display image at a time
point t92 (refer to FIG. 39) in the conventional example
(second method).
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[0089] FIG. 42 is a view showing a display image at a time
point t94 (refer to FIG. 39) in the conventional example
(second method).

[0090] FIG. 43 is a view showing a display image at a time
point 196 (refer to FIG. 39) in the conventional example
(second method).

[0091] FIG. 44 is a view showing an image viewed by
human eyes in the conventional example (second method).
[0092] FIG. 45 is a view showing an image viewed by
human eyes in the conventional example (third method).

DESCRIPTION OF EMBODIMENTS

[0093] Description will hereinafter be given for embodi-
ments of the present invention with reference to the accom-
panying drawings.

1. First Embodiment

1.1 Overall Configuration and Summary of
Operation

[0094] FIG. 2 is a block diagram showing an overall func-
tional configuration of a liquid crystal display device accord-
ing to a first embodiment of the present invention. This liquid
crystal display device is configured by a frame rate conver-
sion unit 100, a signal processing circuit 200, a source driver
300, a gate driver 400, an LED driver 500, a display unit 600,
and a backlight 700. Note that, an LED (light emitting diode)
is adopted as a light source for the backlight 700. In the
present embodiment, a liquid crystal panel driving unit is
realized by the source driver 300 and the gate driver 400, and
a backlight driving unit is realized by the LED driver 500.
[0095] AstoFIG.2,inthedisplayunit 600, a plurality of (n)
source bus lines (video signal lines) SL1 to SLn and a plural-
ity of (m) gate bus lines (scanning signal lines) GL1 to GLm
are disposed. Pixel formation units for forming a pixel are
provided correspondingly to respective intersections of the
source bus lines SL1 to SLn and the gate bus lines GL1 to
GLm. Thatis, the display unit 600 includes a plurality of pixel
formation units. The plurality of pixel formation units are
arranged in a matrix shape to form a pixel array. Each pixel
formation unit includes a TFT 60 which is a switching ele-
ment that a gate terminal is connected to the gate bus line GL
passing through a corresponding intersection and a source
terminal is connected to the source bus line SL passing
through this intersection, a pixel electrode 61 which is con-
nected to a drain terminal of the TET 60, a common electrode
64 and an auxiliary capacitance electrode 65 which are pro-
vided so as to be shared by the plurality of pixel formation
units, a liquid crystal capacitance 62 which is formed by the
pixel electrode 61 and the common electrode 64, and an
auxiliary capacitance 63 which is formed by the pixel elec-
trode 61 and the auxiliary capacitance electrode 65. A pixel
capacitance is configured by the liquid crystal capacitance 62
and the auxiliary capacitance 63. Note that, only a constituent
element corresponding to one pixel formationunitis shown in
the display unit 600 of FIG. 2.

[0096] The frame rate conversion unit 100 converts a frame
rate of an input image signal DIN which is given from outside.
In the present embodiment, the input image signal DIN of 60
Hz is given to the frame rate conversion unit 100 and data of
180 Hz is output from the frame rate conversion unit 100 as
target image data DAT. Accordingly, a frame rate when an
imageis displayed on the display unit 600 (display frame rate)
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is 180 Hz. Note that, a specific method for converting the
frame rate is not particularly limited.

[0097] The signal processing circuit 200 receives target
image data DAT transmitted from the frame rate conversion
unit 100, and outputs a digital video signal DV}, a source start
pulse signal SSP, a source clock signal SCK and a latch strobe
signal LS for controlling operations of the source driver 300;
a gate start pulse signal GSP and a gate clock signal GCK for
controlling operations of the gate driver 400; and an LED
driver control signal S1 for controlling operations of the LED
driver 500.

[0098] The source driver 300 receives the digital video
signal DV, the source start pulse signal SSP, the source clock
signal SCK and the latch strobe signal LS, which are trans-
mitted from the signal processing circuit 200, and applies
video signals for driving to each source bus line SL. At this
time, in the source driver 300, the digital video signal DV
showing voltage to be applied to each source bus line SL is
held sequentially at a timing when a pulse of the source clock
signal SCK is generated. Then, ata timing when a pulse ofthe
latch strobe signal LS is generated, the digital video signal
DV which is held is converted into analogue voltage. This
converted analogue voltage is applied to all the source bus
lines SL1 to SLn concurrently as the video signals for driving.
[0099] The gate driver 400 repeats application of active
scanning signals to each of the gate bus lines GL in cycles of
one vertical scanning period based on the gate start pulse
signal GSP and the gate clock signal GCK, which are trans-
mitted from the signal processing circuit 200.

[0100] The LED driver 500 outputs a light source control
signal S2 for controlling a state of each LED constituting the
backlight 700 based on the LED driver control signal S1
transmitted from the signal processing circuit 200. In the
backlight 700, switching of the state of each LED (switching
between a light emission state and a light-off state) is per-
formed as appropriate based on the light source control signal
S2.

[0101] As described above, the video signals fordriving are
applied to the source bus lines SL1 to SLn, the scanning
signals are applied to the gate bus lines GL1 to GLm, and the
state of each LED is switched as appropriate, so that an image
based on the input image signal DIN is displayed on the
display unit 600.

1.2 Configuration of Backlight

[0102] Next, description will be given for a configuration of
the backlight 700 in the present embodiment. FIG. 1 is a
schematic perspective view of the liquid crystal display
device for explaining the configuration of the backlight 700 in
the present embodiment. This liquid crystal display device is
configured by a liquid crystal panel 800 which includes the
display unit 600 for displaying an image, and the backlight
700 for irradiating light from a back face of the liquid crystal
panel 800 (to this liquid crystal panel 800). Note that, con-
stituent elements for driving the liquid crystal panel 800 and
the backlight 700 (for example, a driver IC and a print sub-
strate which incorporates it) are not shown in FIG. 1.

[0103] Thebacklight 700 includes LEDs 71U and 71D and
light guide plates 72U and 72D. As grasped from F1G. 1, the
backlight 700 in the present embodiment is an edge-light type
backlight. In this regard, in a conventional liquid crystal dis-
play device which adopts an edge-light type backlight, LEDs
are provided in a vicinity of one side part and in a vicinity of
the other side part of a liquid crystal panel in a direction in
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which the gate bus lines extend (both right and left sides of the
liquid crystal panel) (refer to FIG. 3). On the other hand, in the
liquid crystal display device according to the present embodi-
ment, LEDs are provided in a vicinity of one side part and in
a vicinity of the other side part of the liquid crystal panel in a
direction in which the source bus lines extend (both upper and
lower sides of the liquid crystal panel) (refer to FIG. 3). In
FIG. 1, a reference numeral 71U is assigned to the LEDs
which are provided in a vicinity of an upper part of the panel
(hereinafter, referred to as “upper-side LEDs”), and a refer-
ence numeral 71D is assigned to the LEDs which are provided
in a vicinity of a lower part of the panel (hereinafter, referred
to as “lower-side LEDs”). Note that, a first light source group
is realized by the upper-side LEDs 71U and a second light
source group is realized by the lower-side LEDs 71D.

[0104] In the conventional liquid crystal display device
which adopts the edge-light type backlight, the backlight is
provided with one light guide plate. On the other hand, in the
liquid crystal display device according to the present embodi-
ment, the two light guide plates 72U and 72D are provided in
the backlight as shown in FIG. 4. Specifically, the light guide
plate 72U for guiding light emitted from the upper-side LEDs
71U to the liquid crystal panel 800 (hereinafter, referred to as
an “upper-side light guide plate™) and the light guide plate
72D for guiding light emitted from the lower-side LEDs 71D
to the liquid crystal panel 800 (hereinafter, referred to as a
“lower-side light guide plate”) are provided in the backlight
700. Note that, a first light guide plate is realized by the
upper-side light guide plate 72U and a second light guide
plate is realized by the lower-side light guide plate 72D.

[0105] FIG. 5 is a side view of the liquid crystal display
device for explaining a detailed configuration of the backlight
700 in the present embodiment. In the present embodiment,
as shown in FIG. 5, the upper-side LEDs 71U are configured
by LEDs of three colors composed of a red color LED 71U
(R), a green color LED 71U(G), and a blue color LED 71U
(B). Similarly, the lower-side LEDs 71D are configured by
LED:s of three colors composed of a red color LED 71D(R),
a green color LED 71D(G), and a blue color LED 71D(B).
Note that, hereinafter, the red color LED 71U(R) is referred to
as an “upper-side R-LED”, the green color LED 71U(G) is
referred to as an “upper-side G-LED”, and the blue color LED
71U(B) is referred to as an “upper-side B-LED”. In addition,
the red color LED 71D(R) is referred to as a “lower-side
R-LED”, the green color LED 71D(G) is referred to as a
“lower-side G-LED”, and the blue color LED 71D(B) is
referred to as a “lower-side B-LED”.

[0106] In the upper-side light guide plate 72U, thickness
becomes small gradually as being close to a lower part side of
the panel from an upper part side of the panel. In the lower-
side light guide plate 72D, thickness becomes small gradually
as being close to the upper part side of the panel from the
lower part side of the panel. Further, both of the upper-side
light guide plate 72U and the lower-side light guide plate 72D
contain light diffusion particles (light diffusion beads) 73 for
diffusing emission light from the LEDs. In the present
embodiment, the plurality of light diffusion particles 73 hav-
ing different refractive indexes are provided in the upper-side
light guide plate 72U so that light output from the upper-side
light guide plate 72U to the liquid crystal panel 800 side has
a curved line with a reference numeral 79U in a graph shown
in FIG. 6. Further, the plurality of light diffusion particles 73
having different refractive indexes are provided in the lower-
side light guide plate 72D so that light output from the lower-
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side light guide plate 72D to the liquid crystal panel 800 side
has a curved line with a reference numeral 79D in the graph
shown in FIG. 6. Note that, in FIG. 6, a vertical axis represents
intensity of the light output from the light guide plates to the
liquid crystal panel 800 side (luminance which appears in the
liquid crystal panel 800) (in which, maximum is 100%), and
a horizontal axis represents a relative position from an upper
end of the liquid crystal panel 800 (a lower end of the liquid
crystal panel 800 is set as 100%).

[0107] FIG.7isaview schematically showing a state of the
light output from the upper-side light guide plate 72U when
all the upper-side LEDs 71U are turned into the light emission
state. As grasped from FIG. 7, with the light output from the
upper-side light guide plate 72U, the panel becomes bright as
being close to the upper part side thereof and the panel
becomes dark as being close to the lower part side thereof.
FIG. 8 is a view schematically showing a state of the light
output from the lower-side light guide plate 72D when all the
lower-side LEDs 71D are turned into the light emission state.
As grasped from FIG. 8, with the light output from the lower-
side light guide plate 72D, the panel becomes bright as being
close to the lower part side thereof and the panel becomes
dark as being close to the upper part side thereof. Note that,
when all the upper-side LEDs 71U and all the lower-side light
guide plates 72D are turned into the light emission state, the
entire liquid crystal panel 800 is irradiated with light uni-
formly without occurrence of luminance non-uniformity. In
other words, the upper-side light guide plate 72U and the
lower-side light guide plate 72D are configured so that lumi-
nance becomes uniform over the entire liquid crystal panel
800 when all the upper-side LEDs 71U and all the lower-side
LEDs 71D are turned into the light emission state.

[0108] Since the light output from the upper-side light
guide plate 72U and the light output from the lower-side light
guide plate 72D are performed as described above, an influ-
ence on display caused by the upper-side LEDs 71U being
turned into the light emission state becomes low as being
close to the lower part side of the panel from the upper part
side of the panel and an influence on display caused by the
lower-side LEDs 71D being turned into the light emission
state becomes low as being close to the upper part side of the
panel from the lower part side of the panel. In this regard,
according to a result of simulation, in an area where intensity
of the light output from the upper-side light guide plate 72U
is 15% or less, even when a pixel has any state, there is no
influence on a visible image (image viewed by human eyes)
caused by the upper-side LEDs 71U being turned into the
light emission state. Further, in an area where intensity of the
light output from the lower-side light guide plate 72D is 15%
or less, even when a pixel has any state, there is no influence
on a visible image caused by the lower-side LEDs 71D being
turned into the light emission state. Here, as grasped from
FIG. 6, the intensity of the light output from the upper-side
light guide plate 72U is 15% at a position where a relative
position from the upper end of the panel is 75%, and the
intensity of the light output from the lower-side light guide
plate 72D is 15% at a position where the relative position from
the upper end of the panel is 25%. Accordingly, in the present
embodiment, in an area within one fourth from the lower end
of the entire liquid crystal panel 800, even when a pixel has
any state, there is no influence on a visible image caused by
the upper-side LEDs 71U being turned into the light emission
state. Further, in an area within one fourth from the upper end
of the entire liquid crystal panel 800, even when a pixel has
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any state, there is no influence on a visible image caused by
the lower-side LEDs 71D being turned into the light emission
state. A light emission period of each LED is determined in
view of these points.

[0109] Meanwhile, in a case where the area where the
intensity of the light output from the upper-side light guide
plate 72U is 15% or less when the upper-side LEDs 71U are
turned into the light emission state or the area where the
intensity of the light output from the lower-side light guide
plate 72D is 15% or less when the lower-side LEDs 71D are
turned into the light emission state is defined as a “low-
luminance area”, the low-luminance area is an area of one
fourth of the entire liquid crystal panel 800, so that a time
required to drive the gate bus line GL included in the low-
luminance area is a length of a quarter field.

1.3 Configuration of One Frame Period

[0110] Inthe presentembodiment, one frame period is con-
figured by three fields (first to third fields) as shown in FIG. 9.
Note that, in the present embodiment, one frame period is
16.7 milliseconds and one field period is about 5.56 millisec-
onds. The first field is a field in which writing (charging) for
a red color screen is performed. The second field is a field in
which writing for a green color screen is performed. The third
field is a field in which writing for a blue color screen is
performed. The m gate bus lines GL1 to GLm are driven one
by one sequentially in each field of these three fields. Then,
when the LED of each color is turned into the light emission
state as described below, the red color screen, the green color
screen and the blue color screen are displayed sequentially
and desired color display is performed. Note that, the order of
the first filed to the third field is not particularly limited. For
example, display may be performed in the order of “the blue
color screen, the green color screen, and the red color screen”.

1.4 Light Emission Period of Each LED

[0111] Next, description will be given for a light emission
period of each LED in the present embodiment. In the present
embodiment, in the same manner as the conventional liquid
crystal display device which adopts field-sequential driving,
the gate bus lines GL1 to GLm are driven sequentially from
the upper part of the panel to the lower part of the panel. On
the premise that the gate bus lines GL1 to GLm are driven in
this mamner, the LED driver 500 controls the state of each
LED as follows.

[0112] Alength of the light emission period of each LED is
set as a length of a quarter field. Moreover, as shown in FIG.
10, for the LEDs of the respective colors, the LED driver 500
turns the LEDs included in the upper-side LEDs 71U into the
light emission state and then turns the LEDs included in the
lower-side LEDs 71D into the light emission state, and after
turning the LEDs included in the upper-side LEDs 71U into
the light-off state, turns the LEDs included in the lower-side
LEDs 71D into the light-off state. This will be explained in
detail below by focusing on one field. Note that, a field which
is focused on is referred to as a “focused field”, and an LED
to be turned into the light emission state for displaying a
screen ofa color corresponding to the focused field is referred
to as an objective LED. Further, the objective LED included
in the upper-side LEDs 71U is referred to as an “upper-side
objective LED” and the objective LED included in the lower-
side LEDs 71D is referred to as a “lower-side objective LED”.

Oct. 22,2015

[0113] First, description will be given for the light emission
period of the upper-side objective LED. The objective LED is
to be turned into the light emission state in a period that
writing to a pixel capacitance of data of a color corresponding
to the focused field is finished at an arbitrary position in the
liquid crystal panel 800, which is a period that data of a color
corresponding to a field preceding to the focused field (for
example, data of red color when the focused field is the
second field) is not viewed by eyes of a general person. In
addition, as described above, in an area within one fourth
from the lower end of the entire liquid crystal panel 800, even
when a pixel has any state, there is no influence on a visible
image caused by the upper-side LEDs 71U being turned into
the light emission state. In other words, in an area within three
fourths from the upper end of the entire liquid crystal panel
800, the state of the upper-side LEDs 71U affects display.
Further, as described above, it requires from about several
milliseconds to ten and several milliseconds before a target
transmittance is reached after voltage is applied to a liquid
crystal in each pixel. Note that, here, a time required for the
liquid crystal to respond sufficiently (for example, a time
required to reach a 95% level of the target transmittance) is
referred to as a “liquid crystal response time”.

[0114] In view of the above, it is preferable that the upper-
side objective LED is in the light emission state at a time point
after the liquid crystal response time has passed with a time
point when writing to the pixel capacitance for the data of the
color corresponding to the focused field is performed at a
position three fourths from the upper end of the entire liquid
crystal panel 800 (a position one fourth from the lower end) as
a reference. Further, as described above, a length of a time
required to drive the gate bus line GL included in the area
within one fourth from the lower end of the entire liquid
crystal panel 800 (low-luminance area) is alength of a quarter
field.

[0115] Furthermore, as described above, the length of the
light emission period of each LED is a length of a quarter
field. Accordingly, in the present embodiment, the LED
driver 500 turns the upper-side objective LED into the light
emission state at a timing of tu(s) obtained by a following
formula (1) and turns the upper-side objective LED into the
light-off state at a timing of tu(e) obtained by a following
formula (2) with a start time point of the focused field as a
reference.

u(s)=f~f/A+res-f/4 [0)]

tu(e)=f~f/4+res 2)

Here, f represents the length of one field period and res
represents the liquid crystal response time.
[0116] Next, description will be given for the light emission
period of the lower-side objective LED. When the light emis-
sion period of the lower-side objective LED is determined, it
is necessary to consider an influence of writing to a pixel
capacitance in a field following the focused field. Here, in the
present embodiment, the lower-side light guide plate 72D is
configured so that luminance of the liquid crystal panel 800
becomes low gradually as being close to the upper part side of
the panel from the lower part side of the panel when all the
LED:s included in the lower-side LEDs 71D are turned into
the light emission state. Therefore, as described above, in the
area within one fourth from the upper end of the entire liquid
crystal panel 800, even when a pixel has any state, there is no
influence on a visible image caused by the lower-side LEDs
71D being turned into the light emission state.
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[0117] Inview of the above, it is possible to turn the lower-
side objective LED into the light emission state until a time
point that writing to the pixel capacitance for data of a color
corresponding to the field following the focused field is pet-
formed at a position one fourth from the upper end of the
entire liquid crystal panel 800. Further, as described above,
the length of the light emission period of each LED is the
length of the quarter field. Accordingly, in the present
embodiment, the LED driver 500 turns the lower-side objec-
tive LED into the light emission state at a timing of td(s)
obtained by a following formula (3) and turns the lower-side
objective LED into the light-off state at a timing of td(e)
obtained by a following formula (4) with a start time point of
the focused field as a reference.

id(s)FSA-14 G)
wd(e)=ff4 )
[0118] Here, it is premised that the liquid crystal response

time res is 2 milliseconds. Since the length of one field period
is 5.56 milliseconds, in this case, the tu(s) is 4.78 millisec-
onds, the tu(e) is 6.17 milliseconds, the td(s) 1s 5.56 millisec-
onds and the td(e) is 6.95 milliseconds. That is, for displaying
an image for one frame, the state of each LED is controlled as
follows (refer to FIG. 10). First, the upper-side R-LED 1is
turned into the light emission state after 4.78 milliseconds
from a start time point of the first field, the lower-side R-LED
is turned into the light emission state at a start time point of the
second field, the upper-side R-LED is turned into the light-off
state after 0.61 millisecond from the start time point of the
second field, and the lower-side R-LED is turned into the
light-off'state after 1.39 milliseconds from the start time point
of the second field. Thereafter, the upper-side G-LED is
turned into the light emission state after 4.78 milliseconds
from the start time point of the second field, the lower-side
G-LED is turned into the light emission state at a start time
point of the third field, the upper-side G-LED is turned into
the light-off state after 0.61 millisecond from the start time
point of the third field, and the lower-side G-LED is turned
into the light-off state after 1.39 milliseconds from the start
time point of the third field. Further, the upper-side B-LED is
turned into the light emission state after 4.78 milliseconds
from the start time point of the third field, the lower-side
B-LED is turned into the light emission state at a start time
point of a first field of a next frame, the upper-side B-LED is
turned into the light-off state after 0.61 millisecond from the
start time point of this first field, and the lower-side B-LED is
turned into the light-off state after 1.39 milliseconds from the
start time point of this first field.

1.5 Display Image

[0119] Next, description will be given for what image dis-
play is performed when the states of the LEDs are controlled
as described above. Here, it is premised that an image as
shown in FIG. 11 is a target display image. In this case, the
target display image in the first field is an image as shown in
FIG. 12, the target display image in the second field is an
image as shown in F1G. 13, and the target display image in the
third field is an image as shown in FIG. 14. That is, it is
preferable that the display image makes a transition as shown
in FIG. 15. In this regard, the display image at each time point
during one frame period (refer to FIG. 10) is as follows in the
present embodiment. In the first field, the display images at a
time point t11 and at a time point t12 are images as shown in
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FIG. 16 and FIG. 17, respectively. In the second field, display
images at a time point t13 and at a time point t14 are images
as shown in FIG. 18 and FIG. 19, respectively. In the third
field, display images at a time point t15 and at a time point t16
are images as shown in FIG. 20 and FIG. 21, respectively. As
a result of this, an image which is viewed by human eyes is
almost an image as shown in F1G. 11. That is, according to the
present embodiment, a targeted image in which no color
mixing occurs is viewed by human eyes.

1.6 Generalization of Formula for Obtaining Light
Emission Period of LED

[0120] Here, description will be given for generalization of
the formulas (1) to (4) for obtaining the light emission period
of the LED. It is premised in the formulas (1) to (4) that the
length of the light emission period of the LED is the length of
the quarter field and the length of the time required to drive the
gate bus line GL included in the low-luminance area is also
the length of the quarter field, but the present invention is not
limited thereto. When the length of the light emission period
of the LED is ft and the time required to drive the gate bus line
GL included in the low-luminance area is fa, the tu(s), the
tu(e), the td(s) and the td(e) may be obtained by a formula (A),
a formula (B), a formula (C) and a formula (D) as follows,
respectively.

tu(s)~fatres—ft (4)
tu(e)=f~fa+res (B)
td(s)Ffa-fi ©
td(e)=f+fa )

[0121] For example, when the light output from the upper-

side light guide plate 72U to the liquid crystal panel 800 side
is represented by a curved line with the reference numeral
79U in a graph shown in FIG. 22 and the light output from the
lower-side light guide plate 72D to the liquid crystal panel
800 side is represented by a curved line with the reference
numeral 79D in the graph shown in FIG. 22, the intensity of
the light output from the upper-side light guide plate 72U is
15% at a position where the relative position from the upper
end of the panel is 60% and the intensity of the light output
from the lower-side light guide plate 72D is 15% at a position
where the relative position from the upper end of the panel is
40%. In this case, the time required to drive the gate bus line
GL included in the low-luminance area is a length of two
fifths field. Accordingly, the fa is 2.22 milliseconds. Further,
when the length ofthe light emission period of the LED is one
third field, the ft is 1.86 milliseconds. Here, when the liquid
crystal response time res is 1.9 milliseconds, the tu(s), the
tu(e), the td(s) and the td(e) are respectively obtained as
follows.

u(s) =5.56-2.22+1.9-1.86
=338

u(e) =556-2.22+1.9
=524

td(s)=35.56+222-1.9
=5.88
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-continued
tdie) = 5.56 +2.22
=7.88

[0122] Thereby, as shown in FIG. 23, the upper-side objec-
tive LED is turned into the light emission state after 3.38
milliseconds from a start time point of the focused field, the
upper-side objective LED is turned into the light-off state
after 5.24 milliseconds from the start time point of the
focused field, the lower-side objective LED is turned into the
light emission state after 0.32 millisecond from a start time
point of the field following the focused field, and the lower-
side objective LED is turned into the light-off state after 2.32
milliseconds from the start time point of the field following
the focused filed.

1.7 Effect

[0123] According to the present embodiment, the LEDs
(the upper-side LEDs 71U and the lower-side LEDs 71D) are
provided in both upper and lower sides of the liquid crystal
panel 800 as a backlight light source. Further, a reflection wall
or the like is not provided in the liquid crystal panel §00.
Therefore, it is possible to make the display unit 600 trans-
parent. The backlight 700 is provided with the upper-side
light guide plate 72U that guides emission light from the
upper-side LEDs 71U to the liquid crystal panel 800 and the
lower-side light guide plate 72D that guides emission light
from the lower-side LEDs 71D to the liquid crystal panel §00.
In such a configuration, for displaying a screen of a color
corresponding to each field, first, the upper-side LEDs 71U
are turned into the light emission state and the lower-side
LEDs 71D are then turned into the light emission state. Here,
the upper-side light guide plate 72U is configured so that
luminance becomes low gradually as being close to the lower
part of the panel from the upper part of the panel when the
upper-side LEDs 71U are turned into the light emission state,
and the lower-side light guide plate 72D is configured so that
luminance becomes low gradually as being close to the upper
part of the panel from the lower part of the panel when the
lower-side LEDs 71D are turned into the light emission state.
Thus, it is possible to make the upper part of the panel and the
lower part of the panel bright sequentially. That is, it is pos-
sible to perform backlight scanning in a pseudo manner.

[0124] As above, according to the present embodiment, it is
possible to make the display unit 600 transparent and to
perform backlight scanning in a pseudo manner. That is, it is
possible to perform field-sequential driving without causing
color mixing in the liquid crystal display device capable of
displaying an image while keeping a background in a trans-
parent state.

1.8 Modified Example

[0125] According to the formula (C) and the formula (D),
the light emission period of the lower-side LEDs 71D does
not depend on the liquid crystal response time res. However,
the present invention is not limited thereto, and when the
liquid crystal response time res is longer than the time fa
required to drive the gate bus line GL included in the low-
luminance area, the td(s) and the td(e) may be obtained by a
formula (E) and a formula (F) as follows, respectively.
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td(s)~frres—ft (E)
td(e)=f+res ®

[0126] Forexample, when the length fofone field period is
5.56 milliseconds, the length ft of the light emission period of
the LED is 1.39 milliseconds, the time fa required to drive the
gate bus line GL included in the low-luminance area is 1.39
milliseconds, and the liquid crystal response time res is 2
milliseconds, according to the present modified example, the
td(s) is 6.17 milliseconds and the td(e) is 7.56 milliseconds.
Accordingly, the lower-side objective LED is turned into the
light emission state after 0.61 millisecond from an end time
point of the focused field (a start time point of the field
following the focused field) and the lower-side objective LED
is turned into the light-off state after 2 milliseconds from the
end time point of the focused field.

[0127] According to the present modified example, the
lower-side LEDs 71D are kept in the light emission state even
after the fa (time required to drive the gate bus line GL
included in the low-luminance area) has passed with an end
time point of each field as a reference. Therefore, it is con-
cerned that color mixing is caused. However, the lower-side
LEDs 71D are kept in the light emission state until the liquid
crystal is turned into a sufficiently responding state in a pixel
of a lowest part of the panel, and therefore, luminance and
contrast in the lower part of the panel become excellent com-
pared with the first embodiment.

2. Second Embodiment

2.1 Configuration, Etc.

[0128] Description will be given for a second embodiment
of the present invention. Since an overall configuration and a
configuration of the backlight are almost same as those of the
first embodiment (refer to FIG. 1 to FIG. 8), only different
points from the first embodiment will be described. An input
image signal DIN of 60 Hz is given to the frame rate conver-
sion unit 100 (refer to FIG. 2) and data of 240 Hz is output
from the frame rate conversion unit 100 as target image data
DAT. That s, in the present embodiment, a frame rate when an
imageis displayed on the display unit 600 (display frame rate)
is 240 Hz.

2.2 Configuration of One Frame Period

[0129] Inthe present embodiment, one frame period is con-
figured by four fields (first to fourth fields) as shown in FIG.
24. Note that, in the present embodiment, one frame period is
16.7 milliseconds and one field period is about 4.18 millisec-
onds. The first field is a field in which writing (charging) for
ared color screen is performed. The second field is a field in
which writing for a green color screen is performed. The third
field is a field in which writing for a blue color screen is
performed. The fourth field is a field in which writing for a
white color screen is performed. The m gate bus lines GL1 to
GLm are driven one by one sequentially in each field of these
four fields. Then, when the LED of each color is turned into
the light emission state as described below, the red color
screen, the green color screen, the blue color screen and the
white color screen are displayed sequentially and desired
color display is performed. Note that, the field in which writ-
ing for the white color screen is performed may not be a last
field during one frame period.
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[0130] When the white color screen is displayed, the LEDs
of all colors of RGB are turned into the light emission state.
That is, by turning the red color LED, the green color LED
and the blue color LED into the light emission state, the liquid
crystal panel 800 is irradiated with white color light. Note
that, in the present embodiment, when the fourth field is the
focused field, all of the upper-side R-LED, the upper-side
G-LED and the upper-side B-LED serve as the upper-side
objective LEDs and all of the lower-side R-LED, the lower-
side G-LED and the lower-side B-LED serve as the lower-
side objective LEDs.

2.3 Light Emission Period of Each LED

[0131] Next, description will be given for the light emission
period of each LED in the present embodiment with reference
to F1G. 25. As to display of screens of colors corresponding to
the respective first to third fields, each LED is turned into the
light emission state in the same manner as the first embodi-
ment. When a screen of a color corresponding to the fourth
field (that is, white color) is displayed, all of the upper-side
R-LED, the upper-side G-LED and the upper-side B-LED are
turned into the light emission state and all of the lower-side
R-LED, the lower-side G-LED and the lower-side B-LED are
then turned into the light emission state, and all of the upper-
side R-LED, the upper-side G-LED and the upper-side
B-LED are turned into the light-off state and all of the lower-
side R-LED, the lower-side G-LED and the lower-side
B-LED are then turned into the light-off state.

[0132] As above, in the present embodiment as well, the
LED driver 500 turns the upper-side objective LEDs into the
light emission state at a timing of the tu(s) obtained by the
formula (1), turns the upper-side objective LEDs into the
light-off state at a timing of the tu(e) obtained by the formula
(2), turns the lower-side objective LEDs into the light emis-
sion state at a timing of the td(s) obtained by the formula (3),
and turns the lower-side objective LEDs into the light-off
state at a timing of the td(e) obtained by the formula (4) with
a start time point of the focused field as a reference.

[0133] Here, it is premised that the liquid crystal response
time res is 2 milliseconds. Since the length of one field period
is 5.56 milliseconds, in this case, the tu(s) is 4.78 millisec-
onds, the tu(e) is 6.17 milliseconds, the td(s) is 5.56 millisec-
onds and the td(e) is 6.95 milliseconds. That is, for displaying
an image for one frame, the state of each LED is controlled as
follows (refer to FIG. 25). As to display of screens of colors
corresponding to the respective first to third fields, each LED
is controlled in the same manner as the first embodiment. As
to display of the screen of the color corresponding to the
fourth field, the upper-side R-LED, the upper-side G-LED
and the upper-side B-LED are turned into the light emission
state after 4.78 milliseconds from a start time point of the
fourth field, the lower-side R-LED, the lower-side G-LED
and the lower-side B-LED are turned into the light emission
state at the start time point of the fourth field, the upper-side
R-LED, the upper-side G-LED and the upper-side B-LED are
turned into the light-off state after 0.61 millisecond from the
start time point of the fourth field, and the lower-side R-LED,
the lower-side G-LED and the lower-side B-LED are turned
into the light-off state after 1.39 milliseconds from the start
time point of the fourth field.

2.4 Effect

[0134] According to the present embodiment, after the red
color LED, the green color LED and the blue color LED are
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turned into the light emission state sequentially, the LEDs of
these all colors are turned into the light emission state in the
fourth field. Therefore, in addition to the effect same as that of
the first embodiment, an effect that it is possible to suppress
occurrence of color breakup when a moving image is dis-
played is achieved.

3. Third Embodiment

3.1 Configuration, Etc.

[0135] Description will be given for a third embodiment of
the present invention. Since an overall configuration and a
configuration of the backlight are the same as those of the first
embodiment (refer to FIG. 1 to FIG. 8), description thereof
will be omitted.

3.2 Configuration of One Frame Period

[0136] FIG. 26 is a view showing a configuration of one
frame period in the present embodiment. One frame period is
configured by three fields (first to third fields) in the same
manner as the first embodiment. In the present embodiment,
however, LEDs of a plurality of colors are turned into the light
emission state for displaying a screen of a color correspond-
ing to each field. The colors of the LEDs which are turned into
the light emission state in each field depend on a target display
image. Note that, the present invention is also applicable to a
case where one frame period is configured by four or more
fields in which LEDs of a plurality of colors are turned into
the light emission state.

3.3 Light Emission Period of Each LED

[0137] FIG. 27 is a view for explaining the light emission
period of each LED in the present embodiment. In the present
embodiment, as shown in FIG. 27, when a screen of a color
corresponding to each field is displayed, the lower-side objec-
tive LEDs are turned into the light emission state after the
upper-side objective LEDs are turned into the light emission
state, and the lower-side objective LEDs are turned into the
light-off state after the upper-side objective LEDs are turned
into the light-off state. In this manner, in the present embodi-
ment as well, the LED driver 500 turns the upper-side objec-
tive LEDs into the light emission state at a timing of the tu(s)
obtained by the formula (1), turns the upper-side objective
LEDs into the light-off state at a timing of the tu(e) obtained
by the formula (2), turns the lower-side objective LEDs into
the light emission state at a timing of the td(s) obtained by the
formula (3), and turns the lower-side objective LEDs into the
light-off state at a timing of the td(e) obtained by the formula
(4) with a start time point of the focused field as a reference.
[0138] When the liquid crystal response time res is 2 mil-
liseconds, the state of each LED is controlled as follows for
displaying an image for one frame. First, the upper-side
R-LED and the upper-side G-LED are turned into the light
emission state after 4.78 milliseconds from a start time point
of the first field, the lower-side R-LED and the lower-side
G-LED are turned into the light emission state at a start time
point of the second field, the upper-side R-LED and the
upper-side G-LED are turned into the light-off state after 0.61
millisecond from the start time point of the second field, and
the lower-side R-LED and the lower-side G-LED are turned
into the light-off state after 1.39 milliseconds from the start
time point of the second field. Thereafter, the upper-side
G-LED and the upper-side B-LED are turned into the light
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emission state after 4.78 milliseconds from the start time
point of the second field, the lower-side G-LED and the
lower-side B-LED are turned into the light emission state at a
start time point of the third field. the upper-side G-LED and
the upper-side B-LED are turned into the light-off state after
0.61 millisecond from the start time point of the third field,
and the lower-side G-LED and the lower-side B-LED are
turned into the light-off state after 1.39 milliseconds from the
start time point of the third field. Further, the upper-side
R-LED and the upper-side B-LED are turned into the light
emission state after 4.78 milliseconds from the start time
point of the third field, the lower-side R-LED and the lower-
side B-LED are turned into the light emission state at a start
time point of a first field of a next frame, the upper-side
R-LED and the upper-side B-LED are turned into the light-off
state after 0.61 millisecond from the start time point of this
first fleld, and the lower-side R-LED and the lower-side
B-LED are turned into the light-off state after 1.39 millisec-
onds from the start time point of this first field.

3.4 Effect

[0139] According to the present embodiment, LEDs of a
plurality of colors are turned into the light emission state in
each field. Therefore, in addition to the effect same as that of
the first embodiment, an effect that it is possible to suppress
occurrence of color breakup effectively when a moving image
is displayed is achieved.

4. Others

[0140] The present invention is not limited to each of the
embodiments, but may be modified in various manners within
the scope of present invention. For example, a configuration
of one frame period is not limited to the configuration in each
of the embodiments. Further, for example, an area which is
regarded as the low-luminance area is not limited to the area
where the intensity of the light output from the light guide
plate to the liquid crystal panel 800 is 15% or less. Further-
more, for example, the second embodiment provides the con-
figuration in which all of the red color LED, the green color
LED and the blue color LED are turned into the light emission
state to thereby output white color light, but may provide a
configuration in which a white color LED is included. In
addition, as to the third embodiment, a field in which the LED
of only one color is turned into the light emission state may be
included.

(Additional Remarks)

[0141] As the liquid crystal display device and the driving
method thereof according to the present invention, following
configurations are considered.

(Additional Remark 1)

[0142] A liquid crystal display device, comprising a liquid
crystal panel 800 in which a plurality of video signal lines SL
and a plurality of scanning signal lines GL are disposed and
which is capable of displaying an image while keeping a
background in a transparent state; a liquid crystal panel driv-
ing unit (a source driver 300 and a gate driver 400) that drives
the plurality of video signal lines SL and the plurality of
scanning signal lines GL; a backlight 700 composed of a
plurality of light sources including light sources of K colors
(K is an integer of 3 or more) provided on a back face side of
the liquid crystal panel 800; and a backlight driving unit 500
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that drives the backlight 700, for performing display ofa color
image by dividing one frame period into a plurality of fields
and displaying a screen of a different color for each field, in
which

[0143] when one side part and the other side part of the
liquid crystal panel 800 in a direction in which the plurality of
video signal lines SL extend are defined as a first side part and
a second side part, respectively, the backlight 700 has
[0144] a first light source group 71U including the light
sources of the K colors, which are provided in a vicimty ofthe
first side part among the plurality of light sources,

[0145] asecond light source group 71D including the light
sources of the K colors, which are provided in a vicinity of the
second side part among the plurality of light sources,

[0146] afirst light guide plate 72U that is configured so that
luminance ofthe liquid crystal panel 800 becomes low gradu-
ally as being close to the second side part from the first side
part when all light sources included in the first light source
group 71U are turned into a light emission state, for guiding
light emitted from the light sources included in the first light
source group 71U to the liquid crystal panel 800, and
[0147] asecond light guide plate 72D that is configured so
that the luminance of the liquid crystal panel 800 becomes
low gradually as being close to the first side part from the
second side part when all light sources included in the second
light source group 71D are turned into the light emission
state, for guiding light emitted from the light sources included
in the second light source group 71D to the liquid crystal
panel 800,

[0148] the liquid crystal panel driving unit (the source
driver 300 and the gate driver 400) drives the plurality of
scanning signal lines GL one by one sequentially from a
scanning signal line GL disposed at a most proximate posi-
tion to the first side part to a scanning signal line GL disposed
at a most proximate position to the second side part, and
[0149] the backlight driving unit 500, when displaying a
screen of a color corresponding to each field,

[0150] turns alight source included in the first light source
group 71U into the light emission state and then turns a light
source included in the second light source group 71D into the
light emission state, and

[0151] turns the light source included in the first light
source group 71U into a light-off state and then turns the light
source included in the second light source group 71D into the
light-off state.

[0152] With such aconfiguration, in a liquid crystal display
device which adopts field-sequential driving, the backlight is
provided with the light sources of the K colors provided in
both of upper and lower sides of the liquid crystal panel 800
(one side in a direction in which the video signal lines SL
extend is set as the upper side and the other side is set as the
lower side), the first light guide plate 72U that guides emis-
sion light from light sources 71U provided in the upper side of
the liquid crystal panel 800 (hereinafter, referred to as “upper-
side light sources”) to the liquid crystal panel 800, and the
second light guide plate 72D that guides emission light from
light sources 71D provided in the lower side of the liquid
crystal panel 800 (hereinafter, referred to as a “lower-side
light sources™) to the liquid crystal panel 800. In such a
configuration, for displaying a screen of a color correspond-
ing to each field, first, the upper-side light sources 71U are
turned into the light emission state and the lower-side light
sources 71D are then turned into the light emission state.
Here, the first light guide plate 72U is configured so that
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luminance becomes low gradually as being close to a lower
part of the panel from an upper part of the panel when the
upper-side light sources 71U are turned into the light emis-
sion state, and the second light guide plate 72D is configured
so that luminance becomes low gradually as being close to the
upper part of the panel from the lower part of the panel when
the lower-side light sources 71D are turned into the light
emission state. Thus, it becomes possible to make the upper
part of the panel and the lower part of the panel bright sequen-
tially. That is, it becomes possible to perform backlight scan-
ning in a pseudo manner. Further, as described above, the
light sources are provided in both of upper and lower sides of
the liquid crystal panel 800 and a constituent element such as
a reflection wall does not need to be provided in the liquid
crystal panel 800. Thus, it is possible to make the display unit
600 of the liquid crystal panel 800 transparent. Accordingly,
itis possible to perform field-sequential driving without caus-
ing color mixing in the liquid crystal display device capable
of displaying an image while keeping a background in a
transparent state.

(Additional Remark 2)

[0153] The liquid crystal display device according to the
additional remark 1, in which when an arbitrary field of the
plurality of fields is defined as a focused field and a light
source that is to be turned into the light emission state for
displaying a screen of a color corresponding to the focused
field is defined as an objective light source, the backlight
driving unit 500 turns the objective light source included in
the first light source group 71U into the light emission state at
a timing of tu-s obtained by a following formula (A), turns
the objective light source included in the first light source
group 71U into the light-off state at a timing of tu-e obtained
by a following formula (B), turns the objective light source
included in the second light source group 71D into the light
emission state at a timing of td-s obtained by a following
formula (C), and turns the objective light source included in
the second light source group 71D into the light-off state at a
timing of td-e obtained by a following formula (D), with a
start time point of the focused field as a reference:

tu(s)=f~fa+res—ft A)
tu(e)=f~furtres ®)
td(s)~frfa-fi ©
wd(ey=fifa @)

in which, frepresents a length of one field period, ft represents
a length of a light emission period of each light source, fa
represents a time required to drive the scanning signal line GL
included ina low-luminance area having predetermined lumi-
nance or less when all light sources included in either the first
light source group 71U or the second light source group 71D
are turned into the light emission state, and res represents a
time required for a liquid crystal to respond sufficiently.

[0154] With such a configuration, by considering the length
of the light emission period of each light source, the time
required to drive the scanning signal line GL in the low-
luminance area (the area having predetermined luminance or
less when all the light sources included in either the upper-
side light sources 71U or the lower-side light sources 71D are
turned into the light emission state), and the liquid crystal
response time, a light emission timing and a light-off timing
for the upper-side light sources 71U, and a light emission
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timing and a light-off timing for the lower-side light sources
71D are determined. Therefore, in the liquid crystal display
device capable of displaying an image while keeping a back-
ground in a transparent state, it is possible to perform field-
sequential driving while preventing occurrence of color mix-
ing more reliably.

(Additional Remark 3)

[0155] The liquid crystal display device according to the
additional remark 2, wherein when the res is larger than the fa,
the backlight driving unit 500 turns the objective light source
included in the second light source group 71D into the light
emission state at a timing of td-s obtained by a following
formula (E) and turns the objective light source included in
the second light source group 71D into the light-off state at a
timing of td-e obtained by a following formula (F), with the
start time point of the focused field as the reference:

td(s)~frres—ft )
td(e)=f+res ®).
[0156] With such a configuration, the lower-side light

sources 71D are kept in the light emission state until the liquid
crystal is turned into a sufficiently responding state in a pixel
of a lowest part of the liquid crystal panel 800. Therefore,
luminance and contrast in the lower part of the liquid crystal
panel 800 become excellent.

(Additional Remark 4)

[0157] The liquid crystal display device according to the
additional remark 2, wherein the fa is f/4.

[0158] Withsuch aconfiguration, in the same manner as the
configuration according to the additional remark 2, in the
liquid crystal display device capable of displaying an image
while keeping a background in a transparent state, it is pos-
sible to perform field-sequential driving while preventing
occurrence of color mixing more reliably.

(Additional Remark 5)

[0159] The liquid crystal display device according to the
additional remark 2, wherein the low-luminance area is an
area in which the luminance becomes 15% or less of maxi-
mum luminance when all the light sources included in either
the first light source group 71U or the second light source
group 71D are turned into the light emission state.

[0160] With such aconfiguration, in the same manner as the
configuration according to the additional remark 2, in the
liquid crystal display device capable of displaying an image
while keeping a background in a transparent state, it is pos-
sible to perform field-sequential driving while preventing
occurrence of color mixing more reliably.

(Additional Remark 6)

[0161] The liquid crystal display device according to the
additional remark 2, wherein the ft is /4.

[0162] Withsuch aconfiguration, in the same manner as the
configuration according to the additional remark 2, in the
liquid crystal display device capable of displaying an image
while keeping a background in a transparent state, it is pos-
sible to perform field-sequential driving while preventing
occurrence of color mixing more reliably.
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(Additional Remark 7)

[0163] The liquid crystal display device according to the
additional remark 1, wherein the first light guide plate 72U
and the second light guide plate 72D are configured so that the
luminance becomes uniform over the entire liquid crystal
panel 800 when all the light sources included in the first light
source group 71U and all the light sources included in the
second light source group 71D are turned into the light emis-
sion state.

[0164] With such a configuration, in the liquid crystal dis-
play device capable of displaying an image while keeping a
background in a transparent state, it is possible to perform
field-sequential driving without causing luminance non-uni-
formity or color mixing.

(Additional Remark 8)

[0165] The liquid crystal display device according to the
additional remark 1, wherein

[0166] the first light guide plate 72U contains a plurality of
light diffusion particles 73 having different refractive indexes
so that the luminance of the liquid crystal panel 800 becomes
low gradually as being close to the second side part from the
first side part when all the light sources included in the first
light source group 71U are turned into the light emission
state, and

[0167] the second light guide plate 72D contains a plurality
of light diffusion particles 73 having different refractive
indexes so that the luminance of the liquid crystal panel 800
becomes low gradually as being close to the first side part
from the second side part when all the light sources included
in the second light source group 71D are turned into the light
emission state.

[0168] With such a configuration, by configuring the light
guide plates 72U and 72D to contain the plurality of light
diffusion particles 73 having different refractive indexes, it is
possible to perform field-sequential driving without causing
color mixing in the liquid crystal display device capable of
displaying an image while keeping a background in a trans-
parent state.

(Additional Remark 9)

[0169] The liquid crystal display device according to the
additional remark 1, wherein the light sources of the K colors
are light sources of three colors composed of a red color light
source, a green color light source and a blue color light
source.

[0170] With such a configuration, an effect same as that of
the configuration according to the additional remark 1 is
achieved by using general light sources.

(Additional Remark 10)

[0171] The liquid crystal display device according to the
additional remark 9, wherein

[0172] one frame period is configured by three fields com-
posed of a field corresponding to a red color screen, a field
corresponding to a green color screen and a field correspond-
ing to a blue color screen, and

[0173] the backlight driving unit 500

[0174] turns the red color light source into the light emis-
sion state when the red color screen is displayed,

[0175] turns the green color light source into the light emis-
sion state when the green color screen is displayed, and
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[0176] turns the blue color light source into the light emis-
sion state when the blue color screen is displayed.

[0177] With such a configuration, the effect same as that of
the configuration according to the additional remark 1 is
achieved by a general configuration of one frame period.

(Additional Remark 11)

[0178] The liquid crystal display device according to the
additional remark 9, wherein

[0179] one frame period is configured by four fields com-
posed of a field corresponding to a red color screen, a field
corresponding to a green color screen, a field corresponding
to a blue color screen and a field corresponding to a white
color screen, and

[0180] the backlight driving unit

[0181] turns the red color light source into the light emis-
sion state when the red color screen is displayed,

[0182] turns the green color light source into the light emis-
sion state when the green color screen is displayed,

[0183] turns the blue color light source into the light emis-
sion state when the blue color screen is displayed, and
[0184] turns the red color light source, the green color light
source and the blue color light source into the light emission
state when the white color screen is displayed.

[0185] With such a configuration, one frame period is con-
figured by the three fields corresponding to screens of respec-
tive colors of three primary colors and the field corresponding
to the white color screen. Further, for example, after the red
color light source, the green color light source and the blue
color light source are turned into the light emission state
sequentially, the light sources of all these colors are turned
into the light emission state. Therefore, in addition to the
effect same as that of the configuration according to the
additional remark 1, an effect that it is possible to suppress
occurrence of color breakup when a moving image is dis-
played is achieved.

(Additional remark 12)

[0186] The liquid crystal display device according to the
additional remark 1, wherein the backlight driving unit 500
turns light sources of a plurality of colors into the light emis-
sion state in each field for displaying a screen of a color
corresponding to each field.

[0187] With such a configuration, the light sources of the
plurality of colors are turned into the light emission state in
each field constituting one frame period. Therefore, in addi-
tion to the effect same as that of the configuration according
to the additional remark 1, an effect that it is possible to
effectively suppress occurrence of color breakup when a
moving image is displayed is achieved.

(Additional remark 13)

[0188] A method for driving a liquid crystal display device
that includes a liquid crystal panel 800 in which a plurality of
video signal lines SL and a plurality of scanning signal lines
GL are disposed and which is capable of displaying an image
while keeping a background in a transparent state and a back-
light 700 composed of a plurality of light sources including
light sources of K colors (K is an integer of 3 or more)
provided on a back face side of the liquid crystal panel 800,
and performs display of a color image by dividing one frame
period into a plurality of fields and displaying a screen of a
different color for each field, comprising:

[0189] a liquid crystal panel driving step of driving the
plurality of video signal lines SL and the plurality of scanning
signal lines GL, and
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[0190] abacklight driving step of driving the backlight 700,
wherein
[0191] when one side part and the other side part of the

liquid crystal panel 800 in a direction in which the plurality of
video signal lines S extend are defined as a first side part and
a second side part, respectively, the backlight 700 has
[0192] a first light source group 71U including the light
sources of the K colors, which are provided in a vicinity of the
first side part among the plurality of light sources,

[0193] asecond light source group 71D including the light
sources of the K colors, which are provided in a vicinity of the
second side part among the plurality of light sources,

[0194] a first light guide plate 72U that is configured so that
luminance ofthe liquid crystal panel 800 becomes low gradu-
ally as being close to the second side part from the first side
part when all light sources included in the first light source
group 71U are turned into a light emission state, for guiding
light emitted from a light source included in the first light
source group 71U to the liquid crystal panel 800, and

[0195] asecond light guide plate 72D that is configured so
that the luminance of the liquid crystal panel 800 becomes
low gradually as being close to the first side part from the
second side part when all light sources included in the second
light source group 71D are turned into the light emission
state, for guiding light emitted from a light source included in
the second light source group 71D to the liquid crystal panel
800,

[0196] at the liquid crystal panel driving step, the plurality
of scanning signallines GL are driven one by one sequentially
from a scanning signal line GL disposed at a most proximate
position to the first side part to a scanning signal line GL
disposed at a most proximate position to the second side part,
and

[0197] at the backlight driving step, when displaying a
screen of a color corresponding to each field,

[0198] alightsource included in the first light source group
71U is turned into the light emission state and then a light
source included in the second light source group 71D is
turned into the light emission state, and

[0199] the light source included in the first light source
group 71U is turned into a light-off state and then the light
source included in the second light source group 71D is
turned into the light-off state.

[0200] With such a configuration, the effect same as that of
the configuration according to the additional remark 1 is able
to be exerted in the method for driving the liquid crystal
display device.

REFERENCE SIGNS LIST

[0201] 7IU(R), 71U(G), 7TLU(B) upper-side R-LED,
upper-side G-LED, upper-side B-LED

[0202] 7ID(R), 71D(G), 71ID(B) lower-side R-LED,
lower-side G-LED, lower-side B-LED

[0203] 72U upper-side light guide plate
[0204] 72D lower-side light guide plate
[0205] 73 light diffusion particle
[0206] 100 frame rate conversion unit
[0207] 200 signal processing circuit
[0208] 300 source driver

[0209] 400 gate driver

[0210] 500 LED driver

[0211] 600 display unit

[0212] 700 backlight

[0213] 800 liquid crystal panel
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[0214] GL, GL1 to GLm gate bus line

[0215] SL, SL1 to SLn source bus line

1-5. (canceled)

6. A liquid crystal display device, comprising a liquid
crystal panel in which a plurality of video signal lines and a
plurality of scanning signal lines are disposed and which is
capable of displaying an image while keeping a background
in a transparent state; a liquid crystal panel driving unit that
drives the plurality of video signal lines and the plurality of
scanning signal lines; a backlight composed of a plurality of
light sources including light sources of K colors (K is an
integer of 3 or more) provided on a back face side of the liquid
crystal panel; and a backlight driving unit that drives the
backlight, for performing display ofa color image by dividing
one frame period into a plurality of fields and displaying a
screen of a different color for each field, wherein

when one side part and the other side part of the liquid
crystal panel in a direction in which the plurality of video
signal lines extend are defined as a first side part and a
second side part, respectively, the backlight has

a first light source group including the light sources of the
K colors, which are provided in a vicinity of the first side
part among the plurality of light sources,

a second light source group including the light sources of
the K colors, which are provided in a vicinity of the
second side part among the plurality of light sources,

a first light guide plate that is configured so that luminance
of the liquid crystal panel becomes low gradually as
being close to the second side part from the first side part
when all light sources included in the first light source
group are turned into a light emission state, for guiding
light emitted from the light sources included in the first
light source group to the liquid crystal panel, and

a second light guide plate that is configured so that the
luminance of the liquid crystal panel becomes low
gradually as being close to the first side part from the
second side part when all light sources included in the
second light source group are turned into the light emis-
sion state, for guiding light emitted from the light
sources included in the second light source group to the
liquid crystal panel,

the liquid crystal panel driving unit drives the plurality of
scanning signal lines one by one sequentially from a
scanning signal line disposed at a most proximate posi-
tion to the first side part to a scanning signal line dis-
posed at a most proximate position to the second side
part, and

the backlight driving unit, when displaying a screen of a
color corresponding to each field,

turns a light source included in the first light source group
into the light emission state and then turns a light source
included in the second light source group into the light
emission state, and

turns the light source included in the firstlight source group
into a light-off state and then turns the light source
included in the second light source group into the light-
off state.

7. The liquid crystal display device according to claim 6,
wherein when an arbitrary field of the plurality of fields is
defined as a focused field and a light source that is to be turned
into the light emission state for displaying a screen of a color
corresponding to the focused field is defined as an objective
light source, the backlight driving unit turns the objective
light source included in the first light source group into the
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light emission state at a timing of tu-s obtained by a following
formula (A), turns the objective light source included in the
first light source group into the light-off state at a timing of
tu—e obtained by a following formula (B), turns the objective
light source included in the second light source group into the
light emission state at a timing of td—s obtained by a following
formula (C), and turns the objective light source included in
the second light source group into the light-off state at a
timing of td-e obtained by a following formula (D), with a
start time point of the focused field as a reference:

tu(s)=f~fa+res—ft A)
tu(e)=ffatres ®)
td(s)~frfa-ft ©
td(e)~fifa @)

in which, frepresents a length of one field period, ft represents
a length of a light emission period of each light source, fa
represents a time required to drive the scanning signal line
included ina low-luminance area having predetermined lumi-
nance or less when all light sources included in either the first
light source group or the second light source group are turned
into the light emission state, and res represents a time required
for a liquid crystal to respond sufficiently.

8. The liquid crystal display device according to claim 7,
wherein when the res is larger than the fa, the backlight
driving unit turns the objective light source included in the
second light source group into the light emission state at a
timing of td—s obtained by a following formula (E) and turns
the objective light source included in the second light source
group into the light-off state at a timing of td-e obtained by a
following formula (F) with the start time point of the focused
field as the reference:

td(s)=f+res-fi (E)
1d(e)=frres (F).

9. The liquid crystal display device according to claim 7,
wherein the fa is /4.

10. The liquid crystal display device according to claim 7,
wherein the low-luminance area is an area in which the lumi-
nance becomes 15% or less of maximum luminance when all
the light sources included in either the first light source group
or the second light source group are turned into the light
emission state.

11. The liquid crystal display device according to claim 7,
wherein the ft is f/4.

12. The liquid crystal display device according to claim 6,
wherein the first light guide plate and the second light guide
plate are configured so that the luminance becomes uniform
over the entire liquid crystal panel when all the light sources
included in the first light source group and all the light sources
included in the second light source group are turned into the
light emission state.

13. The liquid crystal display device according to claim 6,
wherein

the first light guide plate contains a plurality of light diffu-

sion particles having different refractive indexes so that
the luminance of the liquid crystal panel becomes low
gradually as being close to the second side part from the
first side part when all the light sources included in the
first light source group are turned into the light emission
state, and
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the second light guide plate contains a plurality of light
diffusion particles having different refractive indexes so
that the luminance of the liquid crystal panel becomes
low gradually as being close to the first side part from the
second side part when all the light sources included in
the second light source group are turned into the light
emission state.

14. The liquid crystal display device according to claim 6,
wherein

the light sources of the K colors are light sources of three

colors composed of a red color light source, a green
color light source and a blue color light source.

15. The liquid crystal display device according to claim 14,
wherein

one frame period is configured by three fields composed of

a field corresponding to a red color screen, a field cor-
responding to a green color screen and a field corre-
sponding to a blue color screen, and

the backlight driving unit

turns the red color light source into the light emission state

when the red color screen is displayed,

turns the green color light source into the light emission

state when the green color screen is displayed, and
turns the blue color light source into the light emission state
when the blue color screen is displayed.

16. The liquid crystal display device according to claim 14,
wherein

one frame period is configured by four fields composed of

a field corresponding to a red color screen, a field cor-
responding to a green color screen, a field corresponding
to a blue color screen and a field corresponding to a
white color screen, and

the backlight driving unit

turns the red color light source into the light emission state

when the red color screen is displayed,

turns the green color light source into the light emission

state when the green color screen is displayed,

turns the blue color light source into the light emission state

when the blue color screen is displayed, and

turns the red color light source, the green color light source

and the blue color light source into the light emission
state when the white color screen is displayed.

17. The liquid crystal display device according to claim 6,
wherein the backlight driving unit turns light sources of a
plurality of colors into the light emission state in each field for
displaying a screen of a color corresponding to each field.

18. A method for driving a liquid crystal display device that
includes a liquid crystal panel in which a plurality of video
signal lines and a plurality of scanning signal lines are dis-
posed and which is capable of displaying an image while
keeping a background in a transparent state and a backlight
composed of a plurality of light sources including light
sources of K colors (K is an integer of 3 or more) provided on
a back face side of the liquid crystal panel, and performs
display of a color image by dividing one frame period into a
plurality of fields and displaying a screen of a different color
for each field, comprising:

aliquid crystal panel driving step of driving the plurality of

video signal lines and the plurality of scanning signal
lines, and

a backlight driving step of driving the backlight, wherein

when one side part and the other side part of the liquid

crystal panel in a direction in which the plurality of video
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signal lines extend are defined as a first side part and a
second side part, respectively, the backlight has

a first light source group including the light sources of the
K colors, which are provided in a vicinity of the first side
part among the plurality of light sources,

a second light source group including the light sources of
the K colors, which are provided in a vicinity of the
second side part among the plurality of light sources,

a first light guide plate that is configured so that luminance
of the liquid crystal panel becomes low gradually as
being close to the second side part from the first side part
when all light sources included in the first light source
group are turned into the light emission state, for guiding
light emitted from the light sources included in the first
light source group to the liquid crystal panel, and

a second light guide plate that is configured so that the
luminance of the liquid crystal panel becomes low
gradually as being close to the first side part from the
second side part when all the light sources included in
the second light source group are turned into the light

16

Oct. 22,2015

emission state, for guiding light emitted from the light
sources included in the second light source group to the
liquid crystal panel,

at the liquid crystal panel driving step, the plurality of
scanning signal lines are driven one by one sequentially
from a scanning signal line disposed at a most proximate
position to the first side part to a scanning signal line
disposed at a most proximate position to the second side
part, and

at the backlight driving step, when displaying a screen of a
color corresponding to each field,

a light source included in the first light source group is
turned into the light emission state and then a light
source included in the second light source group is
turned into the light emission state, and

the light source included in the first light source group is
turned into a light-off state and then the light source
included in the second light source group is turned into
the light-off state.
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