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7) ABSTRACT

A liquid crystal display device of the present invention is
configured of a liquid crystal display unit for displaying an
image, a backlight unit controllable for each color that
radiates light at the liquid crystal display unit, a display
controller for controlling a display of the liquid crystal
display unit, and an emission control circuit for controlling
an emission of the each color of the backlight unit, wherein
the emission control circuit performs control so that emis-
sion start timing and emission end timing in a sequential
emission period of the each color of the backlight unit match
in all colors.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device comprising a backlight as a lighting system
and particularly, to the liquid crystal display device whose
motion picture performance is heightened by controlling the
backlight.

[0003] 2. Description of the Related Art

[0004] Although a CRT (Cathode Ray Tube) is a main-
stream as a display device until now, these years an active
matrix liquid crystal display device (hereinafter referred to
as “LCD”) is pervading. The LCD is a display device
utilizing light transparency of a liquid crystal, does not emit
light by itself, and makes a display by transmitting/shielding
light of a backlight located at a back face

[0005] Although there are many florescent tubes as the
backlight of the LCD until now, in order to improve color
reproductivity of a display image, these years there is a
report of using a light emission diode (hereinafter referred to
as “LED” as the backlight, for example, a non-patent
document 1 of SID Digest pp. 1154 in 2002 and the like.
Because in this LED backlight a temperature property of a
red (hereinafter referred to as “R”) LED is different from
those of a green (hereinafter referred to as “G”) LED and a
blue (hereinafter referred to as “B”) LED, it is necessary to
provide an adequate feedback circuit in order to display a
same color over long hours.

[0006] On the other hand, for example, it is reported a
system of performing a color adjustment by displacing
emission periods of the three colors RGB, configuring
feedback circuits of the three colors by one sensor, and
adjusting the emission period of each color as in presenta-
tions of a non patent document 2 of p. 25 of IEICE 2002-35
(2002-09) in Technical Report of the Institute of Electronics,
Information and Communication Engineers and a non patent
document 3 of Color Forum Japan 2002, 6-3.

[0007] In addition, as a luminance adjustment method of
the LED backlight is shown a method (Pulse Width Modu-
lation, hereinafter referred to as “PWM?”) of adjusting lumi-
nance by adjusting an emission period for each LED as in
FIG. 16 of a patent document 1 of Japanese Patent Laid-
Open Publication No. 2001-272938.

[0008] But if controlling the emission periods of the LCD
of the three colors RGB by methods in the patent document
1 and the non patent document 2, there occurs a phenom-
enon of coloring inside an edge blur in displaying a motion
picture because emission timing and emission centers of the
three colors RGB are displaced.

[0009] A phenomenon of the edge blur in displaying the
motion picture in an LCD is reported at pp. 19-26 (1996-06)
of IEICE 96-4 in Technical Report of the Institute of
Electronics, Information and Communication Engineers and
the like. According to these, the blur occurs at an edge of a
motion image due to a discord between the motion image of
a hold-type display and an eye movement by a pursuit of a
human being.

[0010] Here will be described coloring at an edge when
making an LED of each color of the RGB the PWM control
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as in the patent document 1 with using the LED as the
backlight, referring to FIG. 16.

[0011] In an upper portion of FIG. 16 a vertical axis is
time and a horizontal one is a moving direction of a motion
picture display object on an LCD. The each LED of the RGB
simultancously lights, and emission intensity thereof is
different according to the color; therefore, for example, the
PWM control of extinguishing the LED in order of the B, R,
and G is performed.

[0012] On the other hand, a lower portion of FIG. 16
shows a brightness property when a human being’s eyes see
the image of the motion picture display object. A horizontal
axis is a moving direction and a vertical one is brightness.
Because when the human being’s eyes see a moving object,
they observe it while following in the moving direction and
recognize an integration value as brightness, at an edge of a
side of the object moving direction firstly B is strong, R joins
therein, and lastly G joins therein, and thus white results in
being displayed. On the other hand, at the edge of the
opposite side of the object moving direction firstly B dis-
appears, next R decreases, and lastly G results in remaining.

[0013] In addition, according to the same principle, the
coloring similarly occurs at an edge of a motion picture
display when the emission periods of the RGB are displaced
as in the non patent documents 2 and 3.

[0014] Consequently, also when emission elements of
individual control of the three-color RGB such as an LED
are used as a backlight, a liquid crystal display device is
strongly requested that can clearly display a motion picture
without generating the coloring at an edge blur portion in
displaying the motion picture.

SUMMARY OF THE INVENTION

[0015] In accordance with one embodiment of a liquid
crystal display device of the present invention, the device
comprises a liquid crystal display unit for displaying an
image, a backlight unit controllable for each color that
radiates light at the liquid crystal display unit, a display
controller for controlling a display of the liquid crystal
display unit, and an emission control circuit for controlling
an emission of the each color of the backlight unit, wherein
the emission control circuit performs control so that emis-
sion start timing and emission end timing in a sequential
emission period of the each color of the backlight unit match
in all colors.

[0016] The emission control circuit performs control so
that an emission center in a sequential emission period of
each color of a backlight unit substantially matches in all
colors.

[0017] The emission control circuit divides an emission
period of at least one color into a plurality of emissions and
controls them in a sequential emission period of each color
of a backlight unit.

[0018] The sequential emission period is set for each
one-image display period (for each frame) of a liquid crystal
display unit, that is, a sequential emission of at least one
color is divided into a plurality of sub-emissions out of an
emission of ¢ach color within one frame.

[0019] Emission intensity of the backlight is adjusted by
controlling a length of sub-emission periods of each color,
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and it is desirable that emission centers of the sub-emission
periods of the each color substantially match.

[0020] TItis desirable that displacement of emission timing
of each color within the sequential emission period is at least
not more than three milli-seconds, and preferably not more
than one milli-second.

[0021] Tt is desirable that the sequential emission period
repeats twice within a one-image display period (one frame)
and reduces a flicker interference by making an interval
thereof not less than three milli-seconds.

[0022] 1t is desirable to divide an emission area of the
backlight unit into not less than two.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a sequence diagram of a liquid crystal
display device of an embodiment 1 of the present invention.

[0024] FIG. 2 is a block diagram of the liquid crystal
display device of the embodiment 1.

[0025] FIG. 3 is a control sequence diagram of an emis-
sion control circuit of the liquid crystal display device of the
embodiment 1.

[0026] FIG. 4 is a drawing showing what an edge blur
portion looks like in displaying a motion picture in the liquid
crystal display device of the embodiment 1.

[0027] FIG. 5 is a display sequence diagram of a liquid
crystal display device of an embodiment 2 of the present
Invention.

[0028] FIG. 6 is a drawing showing what an edge blur
portion looks like in displaying a motion picture in the liquid
crystal display device of the embodiment 2.

[0029] FIG. 7 is a display sequence diagram of a liquid
crystal display device of an embodiment 3 of the present
invention.

[0030] FIG. 8 is a drawing showing what an edge blur
portion looks like in displaying a motion picture in the liquid
crystal display device of the embodiment 3.

[0031] FIG. 9 is a display sequence diagram of a liquid
crystal display device of an embodiment 4 of the present
invention.

[0032] FIG. 10 is a display sequence diagram of a liquid
crystal display device of an embodiment 5 of the present
invention.

[0033] FIG. 11 is a display sequence diagram of a liquid
crystal display device of an embodiment 6 of the present
invention.

[0034] FIG. 12 is a drawing showing what an edge blur
portion looks like in displaying a motion picture in the liquid
crystal display device of the embodiment 6.

[0035] FIG. 13 is a display sequence diagram of a liquid
crystal display device of an embodiment 7 of the present
Invention.

[0036] FIG. 14 is a display block diagram of a liquid
crystal display device of an embodiment 8 of the present
invention.
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[0037] FIG. 15 is a display sequence diagram of the liquid
crystal display device of the embodiment 8.

[0038] FIG. 16 is a drawing showing what an edge blur
portion looks like in displaying a motion picture in a liquid
crystal display device of a conventional example.

[0039] FIG.17 s a display sequence diagram of the liquid
crystal display device of the conventional example.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] Here will be more concretely described the present
invention, according to embodiments.

Embodiment 1

[0041] A display sequence diagram of a liquid crystal
display device of the embodiment is shown in FIG. 1 and a
block diagram thereof is shown in FIG. 2. A configuration
of the liquid crystal display device of the embodiment
comprises, as shown in FIG. 2, a display controller 201, an
emission control circuit 202, a photosensor 203, a backlight
204, and a display unit 205.

[0042] The display unit 205 uses a liquid crystal display
panel adopting an active matrix in an in-plane-switching
liquid crystal display mode; and the backlight 204 uses as a
light source an LED that can independently control the three
colors RGB. The display unit 205 is controlled by the
display controller 201, based on display data sent from an
image source. In addition, lighting of each color of the RGB
of the backlight 204 is controlled by the emission control
circuit 202, based on a timing signal from the display
controller 201 and information and direct input data of a
light amount adjustment from the photosensor 203.

[0043] Next will be described the display sequence of one
frame (image display period of one screen) of the embodi-
ment, using FIG. 1. The display data of one frame (one
image) sent from the image source is written in the display
unit 205 in time of about one fourth frame by the display
controller 201 through a screen scan (101 in FIG. 1).

[0044] Each pixel of the display unit 205 starts a response
just after respectively written (102 in FIG. 1) and almost
ends the response at a timing of about a half to around three
fourths of a one-frame period according to a write timing.
After then, the LED of each color of the RGB of the
backlight 204 emits light within a sequential emission period
110.

[0045] Inthe LED used in the embodiment, G is lowest, R
is next high, and B is highest in emission efficiency as an
LED element. Although a ratio of each element number used
is made R:G:B=1:2:1, each emission period still has to be
made G>R>B in order to display standard white in use at a
rated current when an adjustment of emission intensity is
controlled according to the emission period.

[0046] Here, when starting an emission with uniforming a
start timing within the sequential emission period 110 of
each color of the RGB as shown in FIG. 17 of a display
sequence of a conventional example, it is described as a
problem that coloring occurs at an edge as shown in FIG. 16
in displaying a motion picture.

[0047] Consequently, as shown in FIG. 1, the embodiment
controls each sub-emission of the RGB so that a first
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emission start timing and last emission end timing of the
RGB match within the sequential emission period 110 by
dividing the sequential emission period 110 of the backlight
204 (BL (B), BL (G), and BL (B)) for each one frame into
three sub-emission periods 111, 112, and 113.

[0048] In the embodiment it is designed that an emission
of the G is continuously emitted over all the sub-emission
periods; an emission length of the R is about 60% of the G,
an emission of the R starts together with that of the G in the
first sub-emission period 111, and an emission length of the
R is about 60% of the whole sub-emission period 112,
making a center thereof a center of a sub-emission period
thereof; and the emission of the R ends together with that of
the G in the sub-emission period 113. In addition, although
an emission of the B is same as that of the R, an emission
length of the B is designed to be about 40% of the G.

[0049] The adjustment of the emission intensity is con-
trolled (PWM control) according to increase/decrease of the
emission length as described above, and even when nothing
but the emission period of the R for a color tone compen-
sation and the like are adjusted, for example, as shown in
dotted lines of FIG. 1, the emission start timing and emis-
sion end timing of the three colors RGB are made not to be
displaced, and the sub-emission period 112 is changed to any
of front/back within it; whereas only the back is changed
within the sub-emission period 111, and only the front is
changed within the sub-emission period 113.

[0050] The emission of the each color of the RGB is
controlled by the emission control circuit 202. A control
sequence thereof is shown in FIG. 3. Firstly, the emission
time of the longest emission color (G in the embodiment) is
determined according to a set value of a light amount
adjustment directly input.

[0051] Next, a ratio of emission periods of the other two
colors (R and B in the embodiment) is determined according
to set values of emission intensity and a color balance (color
temperature of display colors) of the RGB in the last
emission detected by the sensor 203.

[0052] Although a number (division number) of sub-
emission periods within a sequential emission period in one
frame is fixed as three in the embodiment, there is also some
case where the division number is desirable to be increased
not less than three when the ratios of the emission periods of
the RGB are extreme. And lastly, emission timing and light
extinguishing timing are set for each of the RGB.

[0053] Thus in a case of a motion picture being displayed
when the emission start timing and the emission end timing
match for all the colors of the RGB within the sequential
emission period 110, FIG. 4 shows what the picture looks
like for a human being’s eyes. Compared to FIG. 16 of the
conventional example, it turns out that lines of the RGB are
not very displaced, and that thus the coloring becomes
difficult to occur.

[0054] Because although there is no report that the color-
ing is eyeballed if how much displacement there is in the
emissions of the RGB, it is said that a pulse number, which
a nerve ganglion cell of a retina of a human being can output
per second, is about 300 as one opinion (for example, sce P.
89 of “Visual Perception” of Academic Press (in 1990) by L.
Spillmann and J. S. Werner). Therefore, it is foreseen that the
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coloring is eyeballed unless the displacement is made at
least not more than three milli-seconds.

[0055] In addition, although when practically considering
a motion picture in a television broadcast and the like,
statistics of a motion speed in television programs is not
known, there is a report that a general motion is three to six
degrees/second and a motion of around ten degrees/second
fairly frequently occurs (for example, see pp. 9-16 of IE
75-95 (in 1975) of “Image Quality of Motion Image and
Television Signal Method” in Technical Report of Electric
Communication Society by Miyahara). Here, ten degrees/
second are equal to 0.6 min/milli-second, and assuming that
a minimum separation threshold of a person with normal
eyesight of 1.0 is one minute, the coloring results in being
eyeballed if there exists the displacement of the emission of
1.66 milli-seconds. Particularly, because a sport program
and the like is a motion picture whose moving speed is
faster, the displacement of the emission is desirable to be not
more than one milli-second.

[0056] In the embodiment the emission length of the G is
about four milli-seconds, and there are two times of 1.2
milli-seconds as a period when the G is emitted and the B is
not emitted. Because these are larger than one milli-second
and smaller than 1.66 milli-seconds, the coloring can be
suppressed to an extent not almost seen. Meanwhile,
although there are two times of 0.8 milli-second as a period
when the G is emitted and the R is not emitted, this is smaller
than one milli-second, and therefore, the coloring can be
suppressed.

[0057] Thus because the liquid crystal display device of
the embodiment uses the LED of the three colors RGB
controllable for the each color as a backlight and matches the
emission start timing and the emission end timing of all the
colors within the sequential emission period of the backlight
in a one-frame period, it can improve a motion picture
display property by reducing the color displacement at an
edge blur portion in displaying the motion picture.

Embodiment 2

[0058] An embodiment 2 is same as the embodiment 1,
excluding requirements below. A display sequence of the
embodiment 2 is shown in FIG. 5. Different from the
embodiment 1, the embodiment 2 does not divide the
sequential emission period 110 of a backlight for each one
frame into sub-emission periods and matches emission cen-
ters of emission periods 115, 116, and 117 of the three colors
RGB. Ratios of a total emission length of the each color are
same as those of the embodiment 1.

[0059] In a case of a motion picture being displayed when
the emission center of each color matches within the sequen-
tial emission period 110 as in the display sequence of the
embodiment, FIG. 6 shows what the picture looks like for
a human being’s eyes.

[0060] Although the displacement of the lines of the RGB
is large, compared to FIG. 4 of the embodiment 1, it turns
out that compared to FIG. 16 of the conventional example,
the displacement of the lines of the RGB is reduced, and that
thus the coloring becomes difficult to occur.

[0061] In the embodiment the emission length of the G is
about four milli-seconds, and there are two times of 1.2
milli-seconds before/after an emission thereof as a period
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when the G is emitted and the B is not emitted. These are
larger than one milli-second and smaller than 1.66 milli-
seconds. Because the emission start timing and emission end
timing of the G and B are displaced forward/backward, and
in addition, the emission start timing and emission end
timing from those of the R is similarly displaced forward/
backward, the coloring is recognized a little bit more than
that in the embodiment 1, however, a reduction effect of the
coloring is large.

[0062] Thus because the liquid crystal display device of
the embodiment uses the LED of the three colors RGB
controllable for the each color as a backlight and matches the
emission start timing and emission end timing of all the
colors within the sequential emission period 110 of the
backlight in a one-frame period, it can improve a motion
picture display property by reducing the color displacement
at an edge blur portion in displaying the motion picture.

Embodiment 3

[0063] An embodiment 3 is same as the embodiment 1,
excluding requirements below. A display sequence of the
embodiment 3 is shown in FIG. 7. Although the embodi-
ment 3 is same as the embodiment 1 in a point that the
sequential emission period 110 of the backlight for each one
frame is divided into the three sub-emission periods 111,
112, and 113, the emission start timing and emission end
timing of the RGB do not match within the sequential
emission period 110 and those within each of the sub-
emission periods result in being disparate.

[0064] Although also in the embodiment the emission of
the G is continuously emitted over all the sub-emission
periods, with respect to the R and the B, the emissions of the
R and the B are about 60% and about 40%, respectively.
Meanwhile, in the embodiment the emission timing are not
always same for all the three sub-emission periods.

[0065] In a case of a motion picture being displayed when
the emission of the each color is divided into the three
sub-emission periods within the sequential emission period
110 as in the display sequence of the embodiment, FIG. §
shows what the picture looks like for a human being’s eyes.
Compared to the displacement of FIG. 4 of the embodiment
1, that of the lines of the RGB results in becoming a little bit
smaller.

[0066] In the embodiment the emission length of the G is
about four milli-seconds, and there are two times of about
one milli-second within each of the sub-emission periods as
a period when the G is emitted and the B is not emitted. Due
to this in displaying the motion picture, the coloring cannot
be almost observed within an edge blur.

[0067] Thus the liquid crystal display device of the
embodiment uses the LED of the three colors RGB control-
lable for the each color as a backlight, divides the two colors
emissions of the R and the B into the three sub-emission
within the sequential emission period 110 of the backlight in
a one-frame period, thereby greatly reduces the color dis-
placement at an edge blur portion in displaying the motion
picture, and can improve the motion picture display prop-
erty.

Embodiment 4

[0068] An embodiment 4 is same as the embodiment 3,
excluding requirements below. A display sequence of the
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embodiment 4 is shown in FIG. 9. The embodiment 4 is
same as the embodiment 3 in a point that the sequential
emission period 110 of the backlight for each one frame is
divided into the three sub-emission periods 111, 112, and
113; however, it is different from the embodiment 3 in a
point that the emission start timing of the RGB matches
within each of the sub-emission periods.

[0069] Also in the embodiment, although the emission o
the G is continuously emitted over all the sub-emission
periods, those of the R and the B are emitted within each of
the sub-emission periods together with a start thereof and are
about 60% and about 40%, respectively. Meanwhile, in the
embodiment the emissions of the three sub-emission periods
become a same condition. Thus a circuit size of an emission
control circuit can be diminished.

[0070] For example, when adjusting nothing but the emis-
sion period of the R for a color tone compensation and the
like, the emission period is adjusted by increasing/decreas-
ing emission start time within each of the sub-emission
periods. This is same for all the sub-emission periods.

[0071] Although when a motion picture is displayed in the
display sequence of the embodiment, it is not specifically
indicated a drawing of what the picture looks like for a
human being’s eyes, it is almost same as in the embodiment
3.

[0072] In the embodiment the emission length of the G is
about four milli-seconds, and there are three times of 0.8
milli-second within each of the sub-emission periods as a
period when the G is emitted and the B is not emitted.
Because it is smaller than one milli-second, the coloring
cannot be almost observed within an edge blur in displaying
the motion picture.

[0073] Thus the liquid crystal display device of the
embodiment uses the LED of the three colors RGB control-
lable for the each color as a backlight, divides the two colors
emissions of the R and the B into three sub-emissions within
the sequential emission period 110 of the backlight in a
one-frame period, further uniforms the emission start timing
within the sub-emission periods in the three colors RGB,
thereby greatly reduces the color displacement at an edge
blur portion in displaying the motion picture, and can
improve the motion picture display property. In addition,
because the emission start timing of the each color is same
in each of the sub-emission periods, the embodiment can
diminish a circuit size of the emission control circuit 202 and
reduce cost.

Embodiment 5

[0074] An embodiment 5 is same as the embodiment 3,
excluding requirements below. A display sequence of the
embodiment 5 is shown in FIG. 10. The embodiment 5 is
same as the embodiment 3 in a point that the sequential
emission period 110 of the backlight for each one frame is
divided into the three sub-emission periods 111, 112, and
113; however, it is different from the embodiment 3 in a
point that the emission end timing of the RGB matches
within each of the sub-emission periods.

[0075] Also in the embodiment, although the emission of
the G is continuously emitted over all the sub-emission
periods, those of the R and the B end within each of the
sub-emission periods together with an end thereof and are
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about 60% and about 40%, respectively. Meanwhile, also in
the embodiment the emissions of all the three sub-emission
periods become a same condition.

[0076] For example, when adjusting nothing but the emis-
sion period of the R for a color tone compensation and the
like, the emission period is adjusted by increasing/decreas-
ing the emission end time within each of the sub-emission
periods. This is same for all the sub-emission periods.

[0077] Although when a motion picture is displayed in the
display sequence of the embodiment, it is not specifically
indicated a drawing of what the picture looks like for a
human being’s eyes, it is almost same as in the embodiment
3.

[0078] In the embodiment the emission length of the G is
about four milli-seconds, and there are three times of 0.8
milli-second within each of the sub-emission periods as a
period when the G is emitted and the B is not emitted.
Because it is smaller than one milli-second, the coloring
cannot be almost observed within an edge blur in displaying
the motion picture.

[0079] Thus the liquid crystal display device of the
embodiment uses the LED of the three colors RGB control-
lable for the each color as a backlight, divides the two colors
emissions of the R and the B into three sub-emissions within
the sequential emission period 110 of the backlight in a
one-frame period, further uniforms the emission end timing
within the sub-emission periods in the three colors RGB,
thereby greatly reduces the color displacement at an edge
blur portion in displaying the motion picture, and can
improve the motion picture display property. In addition,
because the emission end timing of the each color is same in
each of the sub-emission periods, the embodiment can
diminish a circuit size of the emission control circuit 202 and
reduce cost.

Embodiment 6

[0080] An embodiment 6 is same as the embodiment 3,
excluding requirements below. A display sequence of the
embodiment 6 is shown in FIG. 11. The embodiment 6 is
same as the embodiment 3 in a point that the sequential
emission period 110 of the backlight for each one frame is
divided into the three sub-emission periods 111, 112, and
113; however, it is different from the embodiment 3 in a
point that in the latter the emission start timing and emission
end timing of the three colors RGB are disparate within each
of the sub-emission periods, whereas in the former the
emission centers of the RGB substantially match within each
of the sub-emission periods in the three colors RGB.

[0081] Also in the embodiment, although the emission of
the G is continuously emitted over all the sub-emission
periods, with respect to the R and the B, each center of the
sub-emission periods is designed to become a center of each
emission within each of the sub-emission periods, and the
emissions of the R and the G are about 60% and about 40%,
respectively. Meanwhile, also in the embodiment the emis-
sions of all the three sub-emission periods become a same
condition.

[0082] Forexample, when adjusting nothing but the emis-
sion period of the R for a color tone compensation and the
like, the emission period is adjusted by increasing/decreas-
ing emission time forward/backward by same time within
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each of the sub-emission periods without displacing the
emission center. This is same for all the sub-emission
periods.

[0083] In a case of a motion picture being displayed when
the emission center of each of the sub-emission periods
matches within the sequential emission period 110 as in the
display sequence of the embodiment, FIG. 12 shows what
the picture looks like for a human being’s eyes. With
compared to FIG. 4 of the embodiment 1 and FIG. 8 of the
embodiment 3, the displacement of the lines of the RGB
results in becoming smaller.

[0084] In the embodiment the emission length of the G is
about four milli-seconds, and there are two times of 0.8
milli-second within each of the sub-emission periods as a
period when the G is emitted and the B is not emitted.
Because it is smaller than one milli-second, the coloring
cannot be almost observed within an edge blur in displaying
the motion picture.

[0085] Thus the liquid crystal display device of the
embodiment uses the LED of the three colors RGB control-
lable for the each color as a backlight, divides the two colors
emissions of the R and the B into three sub-emissions within
the sequential emission period 110 of the backlight in a
one-frame period, further uniforms the emission centers of
the R and the B within the sub-emission periods and
furthermore uniforms that of the G, thereby greatly reduces
the color displacement at an edge blur portion in displaying
the motion picture, and can improve the motion picture
display property. In addition, because the emission center of
the G and those of the R and the B within the sub-emission
periods are same, the embodiment can diminish a circuit size
of the emission control circuit 202 and reduce cost.

Embodiment 7

[0086] An embodiment 7 is same as the embodiment 6,
excluding requirements below. A display sequence of the
embodiment 7 is shown in FIG. 13. The embodiment
divides the sequential emission period 110 of the backlight
for each one frame into large two of a first emission period
120 and a second emission period 130. And the embodiment
further divides the first emission period 120 and the second
emission period 130 into respective three sub-emission
periods of 121, 122, and 123 and 131, 132, and 133. The
emissions of the RGB within the sub-emission periods in
each of the emission periods are same as in the embodiment
6, and the emission centers of the RGB substantially match
in the three colors.

[0087] In the first emission period 120 and the second
emission period 130, although the emission of the G is
continuously emitted over all the sub-emission periods 121
to 123 and 131 to 133, with respect to the R and the B, each
center of the sub-emission periods is designed to become a
center of each emission within each of the sub-emission
periods, and the emissions of the R and the B are about 60%
and about 40%, respectively. Meanwhile, in the embodiment
the emissions of all the six sub-emission periods become a
same condition.

[0088] For example, when adjusting nothing but the emis-
sion period of the R for a color tone compensation and the
like, the emission period is adjusted by increasing/decreas-
ing emission time forward/backward by same time within
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each of the sub-emission periods without displacing the
emission center. This is same for all the sub-emission
periods.

[0089] Because an emission property is same as in the
embodiment 6 in all the sub-emission periods, the coloring
cannot be almost observed within an edge blur in displaying
the motion picture.

[0090] On the other hand, all emissions of the RGB stop
between the first emission period 120 and the second emis-
sion period 130, and the period between them completely
becomes a non emission condition. In the embodiment the
non emission condition period is designed to become about
four milli-seconds. By thus largely dividing the sequential
emissions within one frame into two and substantially
emitting light two times repeatedly within a one-frame, an
image deterioration, which is apt to occur in such an
impulse-type display system, due to a flicker interference
can be improved.

[0091] Inthis case it is important to make an interval of the
emission periods not less than three milli-seconds so as to be
detected by a human being’s eyes. In addition, an improve-
ment effect of the flicker interference is largest when the
interval and another interval from an end of the second
emission period to a start of the first emission period of the
next frame are equal, that is, an emission frequency is made
double of a frame frequency.

[0092] But because when a liquid crystal response does
not end until then, a ghost results in occurring in the motion
picture, an optimal value of the interval exists between zero
and a half frame cycle. This depends on the screen scan 101
and the liquid crystal response 102 on/to the display unit
205, and when adjusted, the optimal value may be adjusted
according to the screen scan 101 and the liquid crystal
response 102.

[0093] Meanwhile, the embodiment is a liquid crystal
display device for displaying a PAL (Phase Alternation by
Line) system whose one frame is about 20 milli-seconds,
wherein a scan period is made about four milli-seconds, a
liquid crystal response period about eight milli-seconds, and
each of the first and second emission periods two milli-
seconds, whereby the non emission period is fixed four
milli-seconds.

[0094] Thus the liquid crystal display device of the
embodiment uses the LED of the three colors RGB control-
lable for the each color as a backlight, largely divides the
sequential emission period 110 of the backlight within the
one-frame period into two, further divides the emissions of
the two colors R and B within the sub-emission periods into
the three-sub-emission periods in the emission periods,
furthermore uniforms the emission centers within the
sequential emission period 110 in the three colors RGB, and
thereby greatly reduces the color displacement at an edge
blur portion in displaying the motion picture, and can
improve the motion picture display property. In addition,
because the emission centers within the emission periods of
the each color are same, the embodiment can diminish a
circuit size of the emission control circuit 202 and reduce
cost.

[0095] Furthermore, because the emission periods are
respectively largely divided into two, it is enabled 1o reduce
an image deterioration such as the flicker interference.

[0096] Meanwhile, in the embodiment, although the emis-
sion centers matches same as in the embodiment 6 in the
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emissions of the RGB within each of the sub-emission
periods, the emission start timing may match as in the
embodiment 4, and the emission end timing may match as
in the embodiment 5. In addition, as in the embodiment 3,
these timing may be disparate.

Embodiment 8

[0097] An embodiment 8 is same as the embodiment 6,
excluding requirements below. A display sequence of the
embodiment 8 is shown in FIG. 14. The embodiment 8 is
different from the embodiment 1 in the block diagram of
FIG. 2 in a point that in an image scan direction of the
display unit 205 cach emission area of a backlight is divided
into four (BL1 to BL4), a first emission unit 214, a second
emission unit 224, a third emission unit 234, and a fourth
emission unit 244 in order of the image scan direction.

[0098] And in an emission sequence of each of the emis-
sion units, as shown in FIG. 15, a sequential emission period
140 for the emission unit 214, a sequential emission period
150 for the emission unit 224, a sequential emission period
160 for the emission unit 234, and a sequential emission
period 170 for the emission unit 244 are different in respec-
tive emission timing and are displaced in time in order of the
image scan direction.

[0099] Inthe embodiment the emission timing of the four
emission units is displaced in synchronization with a scan
from a screen upper portion to a lower one according to the
screen scan 101; and although after an extent of time of a
liquid crystal response of a pixel starting and substantially
ending according to the screen scan, an emission of the each
area starts, the screen scan and the emission timing of the
each area may not be synchronized.

[0100] The sequential emission period of the each emis-
sion unit is divided into three sub-emission periods as in the
embodiment 6, and each emission of the RGB is emitted so
that an emission center thereof matches.

[0101] When dividing a backlight into a plurality of areas,
sequentially displacing the emission timing of each divided
backlight from a screen upper portion to a screen lower one,
and thereby checking a liquid crystal response in the screen
corresponding to one divided area, it can be thought that the
screen scan period thus described is reduced to a period
divided by a division area number. Reversely describing
this, as one screen the screen scan period can be made
longer.

[0102] Accordingly, in the embodiment the screen scan
period, which is about four milli-seconds in the embodiment
6, is designed to be double, eight milli-seconds. Because
write time into each pixel in the image scan of a display thus
becomes double in length, writing into each pixel is suffi-
ciently performed, and thereby an image defect can be
further reduced.

[0103] Thus the liquid crystal display device of the
embodiment divides an emission area as a backlight into
four, each area uses the LED of the three colors RGB
controllable for the each color, sequential emissions within
a one-frame period of each emission area are different in
timing for each emission area, divides the emissions of the
two colors R and B within the sequential emission period of
the each emission area into the three-sub-emissions, further-
more uniforms emission centers within emission periods in
the three colors RGB, and thereby greatly reduces the color
displacement at an edge blur portion in displaying the
motion picture, and can improve the motion picture display

property.
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[0104] In addition, because the emission timing of the
each color is same in the sub-emission periods, the liquid
crystal display device of the embodiment can diminish the
circuit size of the emission control circuit 202 and reduce
cost. Furthermore, because the emission area is divided into
four and light is emitted at different timing, the write time in
each pixel becomes double in length; and thereby writing in
cach pixel can be sufficiently performed, and the liquid
crystal display device can further diminish the motion
picture display property.

[0105] Meanwhile, although in the emissions of the RGB
of the embodiment within each of the sub-emission periods
the centers of the emissions match same as in those of the
embodiment 6, the emission start timing may match as in
those of the embodiment 4, and the emission end timing may
match as in those of the embodiment 5. In addition, theses
timing may be disparate as in the emissions of the RGB of
the embodiment 3.

What 1s claimed is:
1. A liquid crystal display device comprising:

a liquid crystal display unit for displaying an image;

a backlight unit controllable for each color that radiates
light at said liquid crystal display unit;

a display controller for controlling a display of the liquid
crystal display unit; and

an emission control circuit for controlling an emission of
the each color of the backlight unit,

wherein said emission control circuit performs control so
that emission start timing and emission end timing in a
sequential emission period of the each color of the
backlight unit match in all colors.

2. A liquid crystal display device comprising;

a liquid crystal display unit for displaying an image;

a backlight unit controllable for each color that radiates
light at said liquid crystal display unit;

a display controller for controlling a display of the liquid
crystal display unit; and

an emission control circuit for controlling an emission of
the each color of the backlight unit,

wherein said emission control circuit performs control so
that an emission center of a sequential emission period
of the each color in the backlight unit substantially
matches in all colors.

3. A liquid crystal display device comprising;

a liquid crystal display unit for displaying an image;

a backlight unit controllable for each color that radiates
light at said liquid crystal display unit;

a display controller for controlling a display of the liquid
crystal display unit; and

an emission control circuit for controlling an emission of
the each color of the backlight unit,

wherein said emission control circuit divides an emission
period of at least one color in a sequential emission
period of the each color of the backlight unit into a
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plurality of emissions and controls the emissions, and
the emission period of the each color overlaps.

4. A liquid crystal display device according to claim 1,
wherein said sequential emission period is set for each
one-image display period of a liquid crystal display unit, and
emission start timing and emission end timing of each color
match within the one-image display period.

5. A liquid crystal display device according to claim 2,
wherein said sequential emission period is set for each
one-image display period of a liquid crystal display unit, and
an emission center of each color substantially matches
within the one-image display period.

6. A liquid crystal display device according to claim 3,
wherein said sequential emission period is set for each
one-image display period of a liquid crystal display unit, and
an emission of at least one color is divided into a plurality
of sub-emissions.

7. A liquid crystal display device according to claim 1,
wherein emission intensity of said backlight unit controls
and adjusts a length of an emission period within said
sequential emission period.

8. A liquid crystal display device according to claim 2,
wherein an emission center of a sub-emission period of each
color in said sequential emission period substantially
matches.

9. A liquid crystal display device according to claim 3,
wherein emission start timing of a sub-emission period of
each color in said sequential emission period matches.

10. A liquid crystal display device according to claim 3,
wherein emission end timing of a sub-emission period of
each color in said sequential emission period matches.

11. A liquid crystal display device according to claim 1,
wherein displacement of emission timing of each color
within said sequential emission period is at least not more
than three milli-seconds.

12. A liquid crystal display device according to claim 1,
wherein displacement of emission timing of each color
within said sequential emission period is at least not more
than 1.6 milli-seconds.

13. A liquid crystal display device according to claim 1,
wherein displacement of emission timing of each color
within said sequential emission period is at least not more
than one milli-second.

14. A liquid crystal display device according to claim 1,
wherein said sequential emission period is repeated within a
one-image display period.

15. A liquid crystal display device according to claim 14,
wherein an interval of said repeated sequential emission
period is not less than three milli-seconds.

16. A liquid crystal display device according to claim 14,
wherein an interval of said repeated sequential emission
period changes, depending on one-image write time of said
liquid crystal display unit and response time of a liquid
crystal material.

17. A liquid crystal display device according to claim 1,
wherein an emission area of said backlight unit is divided
into not less than two, and an interval of said sequential
emission period differs in emission timing for each divided
emission area.
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