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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device.

BACKGROUND ART

[0002] In recent years, due to a rapid progress in high
definition and high frequency of an image, the number of
pixels in the vertical direction (number of scanning signal
lines) has been increased also on the liquid crystal display
device side which displays an image.

CITATION LIST
Patent Literature
[0003] PTL 1: International Publication No. WO 2006/
093163
SUMMARY OF INVENTION
Technical Problem
[0004] Under the present circumstances, there is a problem

in that it 1s difficult to mount a scanning signal line driving
circuit due to an increase of the number of scanning signal
lines, or charging of each pixel row (line extending in hori-
zontal direction) becomes insufficient. An object of the
present invention is to display a high quality input image ona
liquid crystal panel of which the number of picture elements
in a vertical direction is smaller than that of the input image.

Solution to Problem

[0005] In aliquid crystal display device, when displaying
input image data in which pixel data of a first frame related to
a first color pixel of an upper side picture element of two
picture elements which are neighboring in a vertical direction
is first pixel data, and pixel data of a second frame related to
a first color pixel of a lower side picture element of the two
picture elements is second pixel data, luminance of a first
sub-pixel which is provided in a first color pixel of a prede-
termined picture element of a liquid crystal panel is higher
than luminance of a second sub-pixel which is close to the
first sub-pixel ina vertical direction in the first color pixel, and
a sum total of luminance of the first and second sub-pixels
corresponds to the first pixel data in a display period of the
first frame, and a luminance of the second sub-pixel is higher
than luminance of the first sub-pixel, and a sum total of
luminance of the first and second sub-pixels corresponds to
the second pixel data in a display period of the second frame.

Advantageous Effects of Invention

[0006] According to the configuration, it is possible to per-
form a high quality display of an input image on a liquid
crystal panel of which the number of picture elements in the
vertical direction is smaller than that of the input image.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 is a block diagram which illustrates a con-
figuration of a liquid crystal display device according to a first
embodiment.
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[0008] FIG. 2 is a block diagram which illustrates a picture
element configuration of a liquid crystal panel according to
the first embodiment.

[0009] FIG. 3 is a circuit diagram which illustrates a pixel
configuration of the liquid crystal panel according to the first
embodiment.

[0010] FIG. 4 is a timing chart which illustrates a driving
method of the liquid crystal panel according to the first
embodiment.

[0011] FIG. 5is a schematic diagram which describes driv-
ing of frame 1 in FIG. 4.

[0012] FIG. 6 is a schematic diagram which describes driv-
ing of frame 2 in FIG. 4.

[0013] FIG. 7is a schematic diagram which describes driv-
ing of frame 3 in FIG. 4.

[0014] FIG. 8is a schematic diagram which describes driv-
ing of frame 4 in FIG. 4.

[0015] FIG.91isa schematic diagram which describes reso-
lution conversions of frames 1 and 2.

[0016] FIG. 10 is a schematic diagram which describes
resolution conversions of frames 3 and 4.

[0017] FIG. 11 is a schematic diagram which describes
displays of the frames 1 and 2 according to the first embodi-
ment.

[0018] FIG. 12 is a schematic diagram which describes
displays of the frames 3 and 4 according to the first embodi-
ment.

[0019] FIG. 13 is a graph which illustrates respective rela-
tionships in luminance between a bright sub-pixel, a dark
sub-pixel, and all of pixels.

[0020] FIG. 14 is a schematic diagram which describes
displaying of a still image portion.

[0021] FIG. 15 is a graph which describes flicker in the first
embodiment.
[0022] FIG. 16 is a block diagram which illustrates a con-

figuration of a liquid crystal display device according to a
second embodiment.

[0023] FIG. 17 is a schematic diagram which describes a
frame rate and a resolution conversion according to the sec-
ond embodiment.

[0024] FIG. 18 is a schematic diagram which describes
displaying of frames 1 and 2 according to the second embodi-
ment.

[0025] FIG. 19 is a block diagram which illustrates a con-
figuration of a liquid crystal display device according to a
third embodiment.

[0026] FIG. 20 is a schematic diagram which describes a
frame division according to the third embodiment.

[0027] FIG. 21 is a schematic diagram which describes
displaying of one input frame (first and second sub-frames)
according to the third embodiment.

DESCRIPTION OF EMBODIMENTS

[0028] Embodiments will be described as follows based on
FIGS. 1 to 21. A liquid crystal display device LCD (refer to
FIGS. 1, 16, and 19) includes a liquid crystal panel LCP, a
display control circuit DCC, a source driver SD, a gate driver
GD, a CS driver CSD, and a backlight BL. The backlight BL,
radiates light with respect to the liquid crystal panel LCP, the
source driver SD drives a plurality of data signal lines of the
liquid crystal panel LCP, the gate driver GD drives a plurality
of scanning signal lines ofthe liquid crystal panel LCP, the CS
driver CSD drives a plurality of holding capacitor wirings of
the liquid crystal panel LCP, and the display control circuit
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DCC controls the source driver SD, the gate driver GD, and
the CS driver CSD. In addition, the plurality of scanning
signal lines are aligned in the vertical direction, and each
scanning signal line is assumed to extend in the horizontal
direction (row direction).

First Embodiment

[0029] According to a first embodiment, as illustrated in
FIG. 1, a case is described in which a resolution conversion
circuit RCC is provided in a liquid crystal display device
LCD, input image data SID is super hi-vision with a standard
of Recommendation ITU-R BT.2020 (number of picture ele-
ments in horizontal direction is approximately 8000, number
of picture elements in vertical direction is approximately
4000, and frequency is 120 Hz). the number of picture ele-
ments of a liquid crystal panel LCP in the horizontal direction
is approximately 8000 (number of pixels is 24000), and the
number of picture elements in the vertical direction is
approximately 2000 (number of pixels is 2000). In addition,
the picture element means a minimum unit of an image which
is viewed from software, or a configuration on the liquid
crystal panel side which displays a minimum unit of the
image.

[0030] As illustrated in FIG. 2, in the liquid crystal panel
LCP, a picture element EX which is formed of a red pixel
PRX, a green pixel PGX, and a blue picture element PBX
which are aligned in the horizontal direction, and a picture
element EY which is formed of a red pixel PRY, a green pixel
PGY, and ablue picture element PBY which are aligned in the
horizontal direction are adjoiningly aligned in the horizontal
direction, a picture element EI which is formed of a red pixel
PRI, a green pixel PGI, and a blue picture element PBI which
are aligned in the horizontal direction, and a picture element
EJ which is formed of a red pixel PRJ, a green pixel PGJ, and
abluepicture element PBJ which are aligned in the horizontal
direction are adjoiningly aligned in the horizontal direction,
and the picture element EX and the picture element EI are
close to each other in the vertical direction, and the picture
element EY and the picture element ET are close to each other
in the vertical direction. In addition, an aspect ratio of each
picture element (horizontal direction:vertical direction) is
1:2.

[0031] In addition, the pixel PRX is formed of a sub-pixel
SRX and a sub-pixel SRx which are aligned in the vertical
direction, the pixel PGX is formed of a sub-pixel SGX and a
sub-pixel SGx which are aligned in the vertical direction, and
the pixel PBX is formed of a sub-pixel SBX and a sub-pixel
SBx which are aligned in the vertical direction. In addition,
the pixel PRY is formed of a sub-pixel SRY and a sub-pixel
SRy which are aligned in the vertical direction, the pixel PGY
is formed of a sub-pixel SGY and a sub-pixel SGy which are
aligned in the vertical direction, and the pixel PBY is formed
of a sub-pixel SBY and a sub-pixel SBy which are aligned in
the vertical direction. In addition, the pixel PRI is formed of
a sub-pixel SRI and a sub-pixel SRi which are aligned in the
vertical direction, the pixel PGI is formed of a sub-pixel SGI
and a sub-pixel SGi which are aligned in the vertical direc-
tion, and the pixel PBI is formed of a sub-pixel SBI and a
sub-pixel SBi which are aligned in the vertical direction. In
addition, the pixel PRJ is formed of a sub-pixel SRJ and a
sub-pixel SRj which are aligned in the vertical direction, the
pixel PGJ is formed of a sub-pixel SGJ and a sub-pixel SGj
which are aligned in the vertical direction, and the pixel PBJ
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is formed of a sub-pixel SBJ and a sub-pixel SBj which are
aligned in the vertical direction.

[0032] FIG. 3isacircuit diagram which illustrates configu-
ration examples of the pixels PRX, PGX, and PBX. For
example, the pixel PRX includes two pixel electrodes 17X
and 17x which are aligned in the vertical direction, and the
pixel PRI includes two pixel electrodes 171 and 17 which are
aligned in the vertical direction. Here, the sub-pixel SRX
includes a liquid crystal capacitor LCX which is formed of the
pixel electrode 17X, a common electrode 27, and a liquid
crystal layer which is interposed therebetween, the pixel elec-
trode 17X is connected to the data signal line SR through a
transistor 12X which is connected to a scanning signal line
Gn, and the pixel electrode 17X forms the holding capacitor
wiring CSn and a holding capacitor CSX. In addition, the
sub-pixel SRx includes a liquid crystal capacitor LCx which
is formed of the pixel electrode 17x, the common electrode
27, and a liquid crystal layer which is interposed therebe-
tween, the pixel electrode 17x is connected to the data signal
line SR through the transistor 12x which is connected to the
scanning signal line Gn, and the pixel electrode 17x forms a
holding capacitor wiring CSn+1 and the holding capacitor
CSx. In addition, the sub-pixel SRI includes a liquid crystal
capacitor LCI which is formed of a pixel electrode 171, the
common electrode 27, and a liquid crystal layer which is
interposed therebetween. The pixel electrode 171 is con-
nected to the data signal line SR through the transistor 121
which is connected to a scanning signal line Gn+1, and the
pixel electrode 171 forms the holding capacitor wiring CSn+1
and a holding capacitor CSI. In addition, the sub-pixel SRi
includes a liquid crystal capacitor LCi which is formed of a
pixel electrode 17, the common electrode 27, and a liquid
crystal layer which is interposed therebetween. The pixel
electrode 17i is connected to the data signal line SR through
a transistor 12i which is connected to the scanning signal line
Gn+1, and the pixel electrode 17; forms a holding capacitor
wiring CSn+2 and a holding capacitor CSi.

[0033] Thedatasignal line SR, the scanning signal line Gn,
and the holding capacitor wiring CSn and CSn+1 in FIG. 3 are
driven as illustrated in FIG. 4. In addition, a potential of the
scanning signal line Gn is set to Vgn, a polarity of a signal
potential which is supplied from the data signal line SR is set
to POL, a potential of the pixel electrode 17X is set to VX, a
potential of the pixel electrode 17x is set to VX, a potential of
the holding capacitor wiring CSn s set to VCSn, a potential of
the holding capacitor wiring CSn+1 is set to VCSn+1, a
potential of the common electrode is set to Vcom, a positive
side potential of a pixel electrode corresponding to a white
display is set to VH, and a negative side potential of a pixel
electrode corresponding to the white display is set to VL.

[0034] In the frame 1 in FIG. 4, the same positive signal
potential is written in the pixel electrodes 17X and 17x from
the data signal line SR by selecting the scanning signal line
Gn between t1 and t2, and the selection is ended in t2 (draw-
ing in of potential occurs in pixel electrode). Thereafter, in t3,
apositive signal potential ofthe pixel electrode 17X is pushed
up, and a positive signal potential of the pixel electrode 17x is
pushed down by pushing up the holding capacitor wiring
CSn, and pushing down the holding capacitor wiring CSn+1.
In this manner, as illustrated in FIG. 5, the sub-pixel SRX
becomes a bright sub-pixel, and the sub-pixel SRx becomes a
dark sub-pixel. In addition, in the frame 1, it is possible to
obtain a display in which a bright sub-pixel and a dark sub-
pixel are arranged in a checkered pattern as illustrated in FIG.
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5, by reversing polarities of signal potentials of respective
data signal lines SR, SG, and SB by 1H (horizontal scanning
period), setting the polarities of signal potentials so as to be
different between the data signal lines SR, SB and the data
signal line SG in the same horizontal scanning period, and
causing a potential phase of the holding capacitor wiring CSn
to match with a potential phase of the holding capacitor
wiring CSn+2.

[0035] In the frame 2 in FIG. 4, the same positive signal
potential is written in the pixel electrodes 17X and 17x from
the data signal line SR by selecting the scanning signal line
Gn between t4 and t5, and the selection is ended in t5 (draw-
ing in of potential occurs in each pixel electrode). Thereafter,
apositive signal potential of the pixel electrode 17X is pushed
down, and a positive signal potential of the pixel electrode 17x
is pushed up by pushing down the holding capacitor wiring
CSn, and pushing up the holding capacitor wiring CSn+!1 in
t6. In this manner, as illustrated in FIG. 6, the sub-pixel SRX
becomes a dark sub-pixel, and the sub-pixel SRx becomes a
bright sub-pixel. In addition, also in the frame 2, it is possible
to obtain a display of a checkered pattern in which the bright
sub-pixel and the dark sub-pixel are reversed from the frame
1 (FIG. 5) as illustrated in FIG. 6 by reversing polarities of
signal potentials of respective data signal lines SR, SG, and
SB by 1H (horizontal scanning period), setting the polarities
of signal potentials so as to be different between the data
signal lines SR, SB and the data signal line SG in the same
horizontal scanning period, and causing a potential phase of
the holding capacitor wiring CSn to match with a potential
phase of the holding capacitor wiring CSn+2.

[0036] In a frame 3 in FIG. 4, the same negative signal
potential is written in the pixel electrodes 17X and 17x from
the data signal line SR by selecting the scanning signal line
Gn between 17 and t8, and the selection is ended in t8 (draw-
ing in of potential occurs in each pixel electrode). Thereafter,
a negative signal potential of the pixel electrode 17X is
pushed down, and a negative signal potential of the pixel
electrode 17x is pushed up by pushing down the holding
capacitor wiring CSn, and pushing up the holding capacitor
wiring CSn+1 int9. In this manner, as illustrated in F1G. 7, the
sub-pixel SRX becomes a bright sub-pixel, and the sub-pixel
SRx becomes a dark sub-pixel. In addition, also in the frame
3, it is possible to obtain a display of a checkered pattern in
which the bright sub-pixel and the dark sub-pixel are reversed
from the frame 2 (F1G. 6) as illustrated in FIG. 7 by reversing
polarities of signal potentials of respective data signal lines
SR, SG, and SB by 1H (horizontal scanning period), setting
the polarities of signal potentials so as to be different between
the data signal lines SR, SB and the data signal line SG in the
same horizontal scanning period, and causing a potential
phase of the holding capacitor wiring CSn to match with a
potential phase of the holding capacitor wiring CSn+2.

[0037] In a frame 4 in FIG. 4, the same negative signal
potential is written in the pixel electrodes 17X and 17x from
the data signal line SR by selecting the scanning signal line
Gn between t10 and t11, and the selection is ended in t11
(drawing in of potential occurs in each pixel electrode).
Thereafter, a negative signal potential of the pixel electrode
17X is pushed up, and a negative signal potential of the pixel
electrode 17x is pushed down by pushing up the holding
capacitor wiring CSn, and pushing down the holding capaci-
tor wiring CSn+1 in t12. In this manner, as illustrated in FIG.
8, the sub-pixel SRX becomes a dark sub-pixel, and the
sub-pixel SRx becomes a bright sub-pixel. In addition, also in
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the frame 4, it is possible to obtain a display of a checkered
pattern in which the bright sub-pixel and the dark sub-pixel
are reversed from the frame 3 (FIG. 7) as illustrated in FIG. 8
by reversing polarities of signal potentials of respective data
signal lines SR, SG, and SB by 1H (horizontal scanning
period), setting the polarities of signal potentials so as to be
different between the data signal lines SR, SB and the data
signal line SG in the same horizontal scanning period, and
causing a potential phase of the holding capacitor wiring CSn
to match with a potential phase of the holding capacitor
wiring CSn+2.

[0038] The resolution conversion circuit RCC in FIG. 1
performs resolution conversion processes illustrated in FIGS.
9 and 10 with respect to the input image data SID, and outputs
display data corresponding to 8K2K (120 Hz) to the display
control circuit DCC.

[0039] For example, in the frame 1 (FIG. 9), when picture
element data on the first row and first column is formed of
three pixel data items of DR1 (red), DG1 (green), and DB1
(blue) which are aligned in the horizontal direction, picture
element data on the second row and first column is formed of
pixel data items of DR2 (red), DG2 (green), and DB2 (blue)
which are aligned in the horizontal direction, picture element
data on the third row and first column is formed of pixel data
items of DR3 (red), DG3 (green), and DB3 (blue) which are
aligned in the horizontal direction, and picture element data
on the fourth row and first column is formed of pixel data
items of DR4 (red), DG4 (green), and DB4 (blue) which are
aligned in the horizontal direction, picture element data on the
first row and second column is formed of three pixel data
items of DRS5 (red), DGS5 (green), and DB5 (blue) which are
aligned in the horizontal direction, picture element data on the
second row and second column is formed of pixel data items
of DR6 (red), DG6 (green), and DB6 (blue) which are aligned
in the horizontal direction, picture element data on the third
row and second column is formed of pixel data items of DR7
(red), DG7 (green), and DB7 (blue) which are aligned in the
horizontal direction, and picture element data on the fourth
row and second column is formed of pixel data items of DR8
(red), DG8 (green), and DB8 (blue) which are aligned in the
horizontal direction with respect to eight picture element data
items which are aligned in a matrix of 4 rows (extending in
horizontal direction)x2 columns (extending in vertical direc-
tion), in the frame 1, twelve pixel data items (DR1, DR3,
DG2, DG4, DB1, DB3, DR6, DR8, DG5, DG7, DB6, DBS)
which are located in checkered patterns are selected from
these twenty four pixel data items (four rows and six col-
umns).

[0040] Meanwhile, in the frame 2 (FIG. 9), when picture
element data on the first row and first column is formed of
three pixel data items of dR1 (red), dG1 (green), and dB1
(blue) which are aligned in the horizontal direction, picture
element data on the second row and first column is formed of
pixel data items of dR2 (red), dG2 (green), and dB2 (blue)
which are aligned in the horizontal direction, picture element
data on the third row and first column is formed of pixel data
items of dR3 (red), dG3 (green), and dB3 (blue) which are
aligned in the horizontal direction, and picture element data
on the fourth row and first column is formed of pixel data
items of dR4 (red), dG4 (green), and dB4 (blue) which are
aligned in the horizontal direction, picture element data on the
first row and second column is formed of three pixel data
items of dRS (red), dG5 (green), and dBS5 (blue) which are
aligned in the horizontal direction, picture element data on the
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second row and second column is formed of pixel data items
of dR6 (red), dG6 (green), and dB6 (blue) which are aligned
in the horizontal direction, picture element data on the third
row and second column is formed of pixel data items of dR7
(red), dG7 (green), and dB7 (blue) which are aligned in the
horizontal direction, and picture element data on the fourth
row and second column is formed of pixel data items of dR8
(red), dG8 (green), and dB§ (blue) which are aligned in the
horizontal direction with respect to eight picture element data
items which are aligned in a matrix of 4 rows (extending in
horizontal direction)x2 columns (extending in vertical direc-
tion), in the frame 2, twelve pixel data items (dR2, dR4, dG1,
dG3, dB2, dB4, dR5, dR7, dG6, dG8, dB5, dB7) at positions
which are not selected in frame 1 (checkered patterns) are
selected from these twenty-four pixel data items (four rows
and six columns).

[0041] In addition, in the frame 3 (FIG. 10), when picture
element data on the first row and first column is formed of
three pixel data items of Drl (red), Dgl (green), and Dbl
(blue) which are aligned in the horizontal direction, picture
element data on the second row and first column is formed of
pixel data items of Dr2 (red), Dg2 (green), and Db2 (blue)
which are aligned in the horizontal direction, picture element
data on the third row and first column is formed of pixel data
items of Dr3 (red), Dg3 (green), and Db3 (blue) which are
aligned in the horizontal direction, and picture element data
on the fourth row and first column is formed of pixel data
items of Dr4 (red), Dgd (green), and Db4 (blue) which are
aligned in the horizontal direction, picture element data on the
first row and second column is formed of three pixel data
items of Dr5 (red), Dg5 (green), and Db5 (blue) which are
aligned in the horizontal direction, picture element data on the
second row and second column is formed of pixel data items
of Dré6 (red), Dg6 (green), and Db6 (blue) which are aligned
in the horizontal direction, picture element data on the third
row and second column is formed of pixel data items of Dr7
(red), Dg7 (green), and Db7 (blue) which are aligned in the
horizontal direction, and picture element data on the fourth
row and second column is formed of pixel data items of Dr8
(red), Dg8 (green), and Db8 (blue) which are aligned in the
horizontal direction with respect to eight picture element data
items which are aligned in a matrix of 4 rows (extending in
horizontal direction)x2 columns (extending in vertical direc-
tion), in the frame 3, twelve pixel data items (Dr1, Dr3, Dg2,
Dgd, Dbl, Db3, Dr6, Dr8, Dg5, Dg7, Db6, Db8) (checkered
patterns) at positions which are selected in the frame 1 are
selected from these twenty-four pixel data items (four rows
and six columns).

[0042] Meanwhile, in the frame 4 (FIG. 10), when picture
element data on the first row and first column is formed of
three pixel data items of dr1 (red), dg1 (green), and db1 (blue)
which are aligned in the horizontal direction, picture element
data on the second row and first column is formed of pixel
data items of dr2 (red), dg2 (green), and db2 (blue) which are
aligned in the horizontal direction, picture element data on the
third row and first column is formed of pixel data items of dr3
(red), dg3 (green), and db3 (blue) which are aligned in the
horizontal direction, picture element data on the fourth row
and first column is formed of pixel data items of dr4 (red), dg4
(green), and db4 (blue) which are aligned in the horizontal
direction, picture element data on the first row and second
column is formed of three pixel data items of dr5 (red), dg5
(green), and db5 (blue) which are aligned in the horizontal
direction, picture element data on the second row and second
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column is formed of pixel data items of dr6 (red), dg6 (green),
and db6 (blue) which are aligned in the horizontal direction,
picture element data on the third row and second column is
formed of pixel data items of dr7 (red), Dg7 (green), and db7
(blue) which are aligned in the horizontal direction, and pic-
ture element data on the fourth row and second column is
formed of pixel data items of dr8 (red), dg8 (green), and db8
(blue) which are aligned in the horizontal direction with
respect to eight picture element data items which are aligned
in a matrix of 4 rows (extending in horizontal direction)x2
columns (extending in vertical direction), in the frame 4,
twelve pixel data items (dr2,drd, dgl, dg3, db2, db4, dr5, dr7,
dg6, dg8, db5, db7) (checkered patterns) at positions which
are not selected in the frame 3 are selected from these twenty-
four pixel data items (four rows and six columns).

[0043] In addition, display data corresponding to 8K2K
(120 Hz) which is subjected to a resolution conversion pro-
cess is displayed on the liquid crystal panel LCP as illustrated
in FIGS. 11 and 12.

[0044] For example, in the picture elements EX and EI in
the frame 1, a sum total of luminance of the sub-pixel SRX
(bright sub-pixel) and the sub-pixel SRx (dark sub-pixel) is
caused to correspond to the pixel data DR1 as illustrated in
FIGS. 5 and 11. Here, respective relationships between a
gradation of pixel data, standardization luminance of a bright
sub-pixel, standardization luminance of a dark sub-pixel, and
standardization luminance of all of pixels is illustrated in FIG.
13, and the standardization luminance of the dark sub-pixel is
set to be 20% or less of the standardization luminance of the
bright sub-pixel, regardless of the gradation of the pixel data.
Since the gradation of the pixel data DR1 is high luminance
K1 (refer to FIG. 13), standardization luminance of the sub-
pixel SRX is close to 1.0 (white luminance), and standardiza-
tion luminance of the sub-pixel SRx is close to 0.2 (20% of
standardization luminance). In addition, as illustrated in
FIGS. 5 and 11, a sum total of luminance of the sub-pixel
SGX (dark sub-pixel) and the sub-pixel SGx (bright sub-
pixel) is caused to correspond to the pixel data DG2, a sum
total of luminance of the sub-pixel SBX (bright sub-pixel)
and the sub-pixel SBx (dark sub-pixel) is caused to corre-
spond to the pixel data DB1, a sum total of luminance of the
sub-pixel SRI (bright sub-pixel) and the sub-pixel SRi (dark
sub-pixel) is caused to correspond to the pixel data DR3, a
sum total of luminance of the sub-pixel SGI (dark sub-pixel)
and the sub-pixel SGi (bright sub-pixel) is caused to corre-
spond to the pixel data DG4, and a sum total of luminance of
the sub-pixel SBI (bright sub-pixel) and the sub-pixel SBi
(dark sub-pixel) is caused to correspond to the pixel data
DB3. Regarding the picture elements EY and EJ, they are
illustrated in FIG. 11.

[0045] Inaddition, in the picture elements EX and El in the
frame 2, a sum total of luminance of the sub-pixel SRX (dark
sub-pixel) and the sub-pixel SRx (bright sub-pixel) is caused
to correspond to the pixel data dR2 as illustrated in FIGS. 6
and 11. Also in this case, standardization luminance of a dark
sub-pixel is set to be 20% or less of standardization luminance
of a bright sub-pixel. Since gradation of the pixel data dR2 is
intermediate luminance K2 (refer to FIG. 13), standardization
luminance of the sub-pixel SRX is close to 0 (black lumi-
nance), and standardization luminance of the sub-pixel SRx is
higher than 0.2 (20% of standardization luminance). In addi-
tion, as illustrated in FIGS. 5 and 11, a sum total of luminance
of the sub-pixel SGX (bright sub-pixel) and the sub-pixel
SGx (dark sub-pixel) is caused to correspond to the pixel data
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dG1, a sum total of luminance of the sub-pixel SBX (dark
sub-pixel) and the sub-pixel SBx (bright sub-pixel) is caused
to correspond to the pixel data dB2, a sum total of luminance
of the sub-pixel SRI (dark sub-pixel) and the sub-pixel SRi
(bright sub-pixel) is caused to correspond to the pixel data
dR4, a sum total of luminance of the sub-pixel SGI (bright
sub-pixel) and the sub-pixel SGi (dark sub-pixel) is caused to
correspond to the pixel data dG3, and a sum total of lumi-
nance of the sub-pixel SBI (dark sub-pixel) and the sub-pixel
SBi (bright sub-pixel) is caused to correspond to the pixel
data dB4. Regarding the picture elements EY and EJ, they are
illustrated in FIG. 11.

[0046] In addition, in the picture elements EX and El in the
frame 3, a sum total of luminance of the sub-pixel SRX
(bright sub-pixel) and the sub-pixel SRx (dark sub-pixel) is
caused to correspond to the pixel data Drl as illustrated in
FIGS. 7 and 12. Also in this case, standardization luminance
of a dark sub-pixel is set to be 20% or less of standardization
luminance of a bright sub-pixel. Since gradation of the pixel
data Drl is intermediate luminance K3 (refer to FIG. 13),
standardization luminance of the sub-pixel SRX is approxi-
mately 0.2 (20% of standardization luminance), and stan-
dardization luminance of the sub-pixel SRx is close to 0
(black luminance). In addition, as illustrated in FIGS. 7 and
12, a sum total of luminance of the sub-pixel SGX (dark
sub-pixel) and the sub-pixel SGx (bright sub-pixel) is caused
to correspond to the pixel data Dg2, a sum total of luminance
of the sub-pixel SBX (bright sub-pixel) and the sub-pixel SBx
(dark sub-pixel) is caused to correspond to the pixel data Dbl1,
a sum total of luminance of the sub-pixel SRI (bright sub-
pixel) and the sub-pixel SRi (dark sub-pixel) is caused to
correspond to the pixel data Dr3, a sum total of luminance of
the sub-pixel SGI (dark sub-pixel) and the sub-pixel SGi
(bright sub-pixel) is caused to correspond to the pixel data
Dg4, and a sum total of luminance of the sub-pixel SBI (bright
sub-pixel) and the sub-pixel SBi (dark sub-pixel) is caused to
correspond to the pixel data Db3. Regarding the picture ele-
ments EY and EJ, they are illustrated in FIG. 12.

[0047] Inaddition, in the picture elements EX and Elin the
frame 4, a sum total of luminance of the sub-pixel SRX (dark
sub-pixel) and the sub-pixel SRx (bright sub-pixel) is caused
to correspond to the pixel data dr2 as illustrated in FIGS. 8 and
12. Also in this case, standardization luminance of a dark
sub-pixel is set to be 20% or less of standardization luminance
of a bright sub-pixel. Since gradation of the pixel data dr2 is
high luminance K4 (refer to FIG. 13), standardization lumi-
nance of the sub-pixel SRX is approximately 0.2 (20% of
standardization luminance), and standardization luminance
of the sub-pixel SRx is approximately 1.0 (white luminance).
In addition, as illustrated in FIGS. 8 and 12, a sum total of
luminance of the sub-pixel SGX (bright sub-pixel) and the
sub-pixel SGx (dark sub-pixel) is caused to correspond to the
pixel data dg1, a sum total of luminance of the sub-pixel SBX
(dark sub-pixel) and the sub-pixel SBx (bright sub-pixel) is
caused to correspond to the pixel data db2, a sum total of
luminance of the sub-pixel SRI (dark sub-pixel) and the sub-
pixel SRi (bright sub-pixel) is caused to correspond to the
pixel data dr4, a sum total of luminance of the sub-pixel SGI
(bright sub-pixel) and the sub-pixel SGi (dark sub-pixel) is
caused to correspond to the pixel data dg3, and a sum total of
luminance of the sub-pixel SBI (dark sub-pixel) and the sub-
pixel SBi (bright sub-pixel) is caused to correspond to the
pixel data db4. Regarding the picture elements EY and EJ,
they are illustrated in FIG. 12.
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[0048] In this manner, in the liquid crystal display device
LCD, when displaying input image data in which pixel data of
the first frame related to a first color (red) pixel of an upper
side picture element of two picture elements which are neigh-
boring in a vertical direction is DR1, and pixel data of the
second frame related to the first color (red) pixel of a lower
side picture element of the two picture elements is dR2, a sum
total of luminance of the sub-pixel SRX and the sub-pixel
SRx is caused to correspond to the pixel data DR1 while
setting luminance of the sub-pixel SRX which is provided in
the first color (red) pixel PRX of a predetermined picture
element EX to be higher than luminance of the sub-pixel SRx
which s close to the sub-pixel SRX in the vertical direction in
the pixel PRX, in the first frame period, and a sum total of
luminance of the sub-pixel SRX and the sub-pixel SRx is
caused to correspond to the pixel data dR2 while setting the
luminance of the sub-pixel SRx to be higher than luminance
of the sub-pixel SRX, in the second frame period.

[0049] According to the configuration, it is possible to per-
form a high quality display of input image data on a liquid
crystal panel of which the number of picture elements in the
vertical direction is a half of that of the input image data. In
this manner, it is possible to improve the current situation in
which mounting of a gate driver is difficult due to an increase
of the number of scanning signal lines in a liquid crystal
display device which displays an image with a high definition
and high frequency (for example, super hi-vision with the
number of pixels of 8K4K, and with refresh rate of 120 Hz),
or charging of each pixel row (line extending in horizontal
direction) is insufficient.

[0050] In addition, in a liquid crystal panel with a high
resolution which is used in the embodiment, a double source
structure (in this structure, two scanning signal lines are
simultaneously selected in order to increase writing time) in
which two data signal lines are provided in one pixel column
which extends in the vertical direction is used in many cases;
however, when the number of scanning lines can be reduced
by half according to the embodiment, it is possible to return
the reduced amount to a single source, and to reduce a cost
due to the increase of the number of source drivers, or to
reduce a mounting load due to high density.

[0051] According to the liquid crystal display device, in the
second color (green) pixel PGX of the picture element EX, in
the sub-pixel SGX and the sub-pixel SGx which are neigh-
boring in the vertical direction, the sub-pixel SGX and the
sub-pixel SRx are arranged so as to obliquely face each other,
and the sub-pixel SGx and the sub-pixel SGX are arranged so
as to obliquely face each other, and when displaying the
above-described input image data of which pixel data of the
first frame related to the second color (green) pixel of the
lower side picture element of the two picture elements is
DG2, and pixel data of the second frame related to the second
color (green) pixel of the upper side picture element of the two
picture elements is dG1, a sum total of luminance of the
sub-pixel SGX and the sub-pixel SGx is caused to correspond
to the pixel data DG2 while setting luminance of the sub-pixel
SGx to be higher than luminance of the sub-pixel SGX in the
first frame period, and a sum total of luminance of the sub-
pixel SGX and the sub-pixel SGx is caused to correspond to
the pixel data dG1 while setting luminance of the sub-pixel
SGX to be higher than luminance of the sub-pixel SGx in the
second frame period.

[0052] In addition, in the liquid crystal display device, in
the first color (red) pixel of the picture element EY which is
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close to the picture element EX in the horizontal direction, the
sub-pixel SRX and the sub-pixel SRY are arranged so as to be
aligned in the horizontal direction, and the sub-pixel SRx and
the sub-pixel SRy are arranged so as to be aligned in the
horizontal direction in the sub-pixel SRY and the sub-pixel
SRy which are neighboring in the vertical direction, and in the
first frame period, luminance of the sub-pixel SRy is set to be
higher than luminance of the sub-pixel SRY, and in the second
frame period, luminance of the sub-pixel SRY is set to be
higher than luminance of the sub-pixel SRy.

[0053] According to the configuration, though a size of
display data becomes a half (corresponding to 8K 2K) of input
image data (8K4K), since bright sub-pixels are distributed in
a checkered pattern when displaying each frame, and bright
sub-pixels of each color (bright sub-pixel of R, bright sub-
pixel of G, and sub-pixel of B) are distributed in a checkered
pattern even when bright sub-pixels are assorted by color, it is
possible to obtain a sense of high definition (this is the same
principle as that in which so-called dual green picture element
structure generates sense of definition which exceeds actual
number of picture elements) compared to an interlace (line
thinning) display, for example. In particular, at a still image
portion, it is possible to obtain a sense of definition which is
comparable to a full size display (8K4K, 120 Hz) since
mutual complementation is performed between continuous
two frames, as illustrated in FIG. 14. With respect to a moving
image portion, it is confirmed that there is no significant
difference in a sense of definition compared to the full size
display, since it is possible to suppress an occurrence of
moving image blurring such as tailing even in the full size
display, and to suppress moving image blurring caused by a
display of each sub-pixel which is close to black in each one
frame, in the above-described configuration (refer to FIGS.
11 and 12).

[0054] In addition, when displaying a high gradation (vi-
cinity of white gradation, in particular), as illustrated in FIG.
15, luminance (.1 and [.2) of two sub-pixel groups which are
arranged in a checkered pattern (sub-pixel group which
becomes bright sub-pixel in odd-numbered frame, and sub-
pixel group which becomes bright sub-pixel in even-num-
bered frame) oscillate with a width of approximately 80%,
respectively, and conspicuous flicker (one dot-dash line of L1
or dash line of 1.2) of 60 Hz occurs on only one side; however,
in the above-described configuration (refer to FIGS. 11 and
12), since an oscillation phase between one sub-pixel group
and the other sub-pixel group is deviated by a half cycle, ina
total of two sub-pixel groups, amplitude becomes remarkably
small as illustrated in FIG. 15 (solid line), and a cycle
becomes 120 Hz, and as a result, it is understood that such a
flicker is hardly visible.

Second Embodiment

[0055] Inasecond embodiment, as illustrated in FIG. 16, a
case in which a frame rate and resolution conversion circuit
FRCC is provided in the liquid crystal display device LCD,
the number of picture elements of a liquid crystal panel is
4K 1K, the number of pixels of the input image data SID is
4K2K, and a frequency is 60 Hz will be described.

[0056] The frame rate and resolution conversion circuit
FRCC according to the second embodiment performs a frame
rate and resolution conversion process which is illustrated in
FIG. 17 with respect to the input image data SID, and outputs
display data corresponding to 4K1K (120 Hz) to the display
control circuit DCC.
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[0057] For example, in an input frame 1 (FIG. 17), when
picture element data on the first row and first column is
formed of three pixel data of DR1 (red), DG1 (green), and
DBI1 (blue) which are aligned in the horizontal direction,
picture element data on the second row and first column is
formed of pixel data of DR2 (red), DG2 (green), and DB2
(blue) which are aligned in the horizontal direction, picture
element data on the third row and first column is formed of
pixel data of DR3 (red), DG3 (green), and DB3 (blue) which
are aligned in the horizontal direction, picture element data on
the fourth row and first column is formed of pixel data of DR4
(red), DG4 (green), and DB4 (blue) which are aligned in the
horizontal direction, picture element data on the first row and
second column is formed of three pixel data of DR5 (red),
DGS5 (green), and DB5 (blue) which are aligned in the hori-
zontal direction, picture element data on the second row and
second column is formed of pixel data of DR6 (red), DG6
(green), and DB6 (blue) which are aligned in the horizontal
direction, picture element data on the third row and second
column is formed of pixel data of DR7 (red), DG7 (green),
and DB7 (blue) which are aligned in the horizontal direction,
and picture element data on the fourth row and second column
1s formed of pixel data of DR8 (red), DG8 (green), and DB8
(blue) which are aligned in the horizontal direction, with
respect to eight picture element data items which are aligned
in a matrix of 4 rowsx2 columns, twelve pixel data items
(DR1, DR3, DG2, DG4, DB1, DB3, DR6, DR8, DG5S, DG,
DB6, DB8) which are located in checkered patterns are
selected from these twenty four (4 rows 6 columns) pixel data
items in an output frame 1.

[0058] In addition, in the input frame 2 (FIG. 17), when
picture element data on the first row and first column is
formed of three pixel data of dR1 (red), dG1 (green), and dB1
(blue) which are aligned in the horizontal direction, picture
element data on the second row and first column is formed of
pixel data of dR2 (red), dG2 (green), and dB2 (blue) which
are aligned in the horizontal direction, picture element data on
the third row and first column is formed of pixel data of dR3
(red), dG3 (green), and dB3 (blue) which are aligned in the
horizontal direction, picture element data on the fourth row
and first column is formed of pixel data of dR4 (red), dG4
(green), and dB4 (blue) which are aligned in the horizontal
direction, picture element data on the first row and second
column is formed of three pixel data of dR5 (red), dG5
(green), and dB5 (blue) which are aligned in the horizontal
direction, picture element data on the second row and second
column is formed of pixel data of dR 6 (red), dG6 (green), and
dB6 (blue) which are aligned in the horizontal direction,
picture element data on the third row and second column is
formed of pixel data of dR7 (red), dG7 (green), and dB7
(blue) which are aligned in the horizontal direction, and pic-
ture element data on the fourth row and second column is
formed of pixel data of dR8 (red), dG8 (green), and dB8
(blue) which are aligned in the horizontal direction, with
respect to eight picture element data items which are aligned
in a matrix of 4 rowsx2 columns, pixel data AG1 is generated
from pixel data DG1 and dG1, pixel data AR2 is generated
from pixel data DR2 and dR2, pixel data AB2 is generated
from pixel data DB2 and dB2, pixel data AG3 is generated
from pixel data DG3 and dG3, pixel data AR4 is generated
from pixel data DR4 and dR4, pixel data AB4 is generated
from pixel data DB4 and db4, and similarly, pixel data ARS,
ABS, AG6, AR7, AB7, and AG8 are generated, and these
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twelve pixel data items which are located in a checkered
pattern are used in an output frame 2 which is for insertion.
[0059] In addition, in an output frame 3, twelve pixel data
items (dR1, dR3, dG2, dG4, dB1, dB3, dR6, dR8, dGS5, dG7,
dBé, dB8) at positions which are selected in the output frame
1 (checkered pattern) are selected from twenty-four (four
rows and six columns) pixel data items of'the input frame 2.
[0060] In addition, display examples of the output frame 1
and the output frame 2 (for insertion) in the second embodi-
ment are illustrated in FIG. 18.

Third Embodiment

[0061] In a third embodiment, as illustrated in FIG. 19, a
case in which a frame division circuit FDC is provided in the
liquid crystal display device LCD, the number of picture
elements of a liquid crystal panel is 4K1K, the number of
pixels of the input image data SID is 4K2K, and a frequency
is 60 Hz will be described. In addition, an aspect ratio (hori-
zontal direction:vertical direction) of each picture element of
the liquid crystal panel is 1:2.

[0062] The frame division circuit FDC according to the
third embodiment performs a frame division process which is
illustrated in FIG. 20 with respect to the input image data SID,
and outputs display data corresponding to 4K2K (120 Hz) to
the display control circuit DCC.

[0063] For example, in one input frame (4K2K) which is
illustrated in FI1G. 20, when picture element data on the first
row and first column is formed of three pixel data of DR1
(red), DG1 (green), and DB1 (blue) which are aligned in the
horizontal direction, picture element data on the second row
and first column is formed of pixel data of DR2 (red), DG2
(green), and DB2 (blue) which are aligned in the horizontal
direction, picture element data on the third row and first
column is formed of pixel data of DR3 (red), DG3 (green),
and DB3 (blue) which are aligned in the horizontal direction,
picture element data on the fourth row and first column is
formed of pixel data of DR4 (red), DG4 (green), and DB4
(blue) which are aligned in the horizontal direction, picture
element data on the first row and second column is formed of
three pixel data of DR5 (red), DGS5 (green), and DB5 (blue)
which are aligned in the horizontal direction, picture element
data on the second row and second column is formed of pixel
data of DR6 (red), DG6 (green), and DB6 (blue) which are
aligned in the horizontal direction, picture element data on the
third row and second column is formed of pixel data of DR7
(red), DG7 (green), and DB7 (blue) which are aligned in the
horizontal direction, and picture element data on the fourth
row and second column is formed of pixel data of DR8 (red),
DG8 (green), and DB8 (blue) which are aligned in the hori-
zontal direction with respect to eight picture element data
items which are aligned in a matrix of 4 rowsx2 columns,
twenty-four (four rows and six columns) pixel data items for
a first sub-frame, and twenty-four (four rows and six col-
umns) pixel data items for a second sub-frame which corre-
spond to these twenty-four (four rows and six columns) pixel
data items, respectively, are generated.

[0064] Forexample, pixel data ZR1 for the first sub-frame,
and pixel data zR1 for the second sub-frame are generated
with respect to the pixel data DR1, pixel data ZR2 for the first
sub-frame, and pixel data zZR2 for the second sub-frame are
generated with respect to the pixel data DR2, pixel data ZR3
for the first sub-frame, and pixel data zZR3 for the second
sub-frame are generated with respect to the pixel data DR3,
and pixel data ZR4 for the first sub-frame, and pixel data zZR4
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for the second sub-frame are generated with respect to the
pixel data DR4. The same applies to the pixel data items DG1
to DG4 or pixel data items DB1 to DB4.

[0065] Display data of 4K2K (120 Hz) which is subjected
to a frame division process as illustrated in FIG. 20 is dis-
played on the liquid crystal panel LCP as illustrated in FIG.
21.

[0066] Forexample, as illustrated in FIG. 21, in the picture
element EX, a sum total of luminance of the sub-pixel SRX of
the first sub-frame (high luminance corresponding to pixel
data ZR1) and luminance of the sub-pixel SRX of the second
sub-frame (low luminance corresponding to pixel data zR1)is
caused to correspond to the pixel data DR1, a sum total of
luminance of the sub-pixel SGX of the first sub-frame (low
luminance corresponding to pixel data ZG1) and luminance
of the sub-pixel SGX of the second sub-frame (high lumi-
nance corresponding to pixel data zG1) is caused to corre-
spond to the pixel data DG1, a sum total of luminance of the
sub-pixel SBX of the first sub-frame (high luminance corre-
sponding to pixel data ZB1) and luminance of the sub-pixel
SBX of the second sub-frame (low luminance corresponding
to pixel data zB1) is caused to correspond to the pixel data
DB1, asum total of luminance of the sub-pixel SRx of the first
sub-frame (low luminance corresponding to pixel data ZR2)
and luminance of sub-pixel SRx of the second sub-frame
(high luminance corresponding to pixel data zZR2) is caused to
correspond to pixel data DR2, a sum total of Tuminance of the
sub-pixel SGx of the first sub-frame (high luminance corre-
sponding to pixel data ZG2) and luminance of sub-pixel SGx
of the second sub-frame (low luminance corresponding to
pixel data z(32) is caused to correspond to pixel data DG2, and
a sum total of luminance of the sub-pixel SBx of the first
sub-frame (low luminance corresponding to pixel data ZB2)
and luminance of sub-pixel SBx of the second sub-frame
(high luminance corresponding to pixel data zB2)is caused to
correspond to pixel data DB2.

[0067] Inaddition, in the picture element EI, a sum total of
luminance of the sub-pixel SRI of the first sub-frame (high
luminance corresponding to pixel data ZR3) and luminance
of the sub-pixel SRI of the second sub-frame (low luminance
corresponding to pixel data zZR3) is caused to correspond to
the pixel data DR3, a sum total of luminance of the sub-pixel
SGI of the first sub-frame (low luminance corresponding to
pixel data ZG3) and luminance of the sub-pixel SGI of the
second sub-frame (high luminance corresponding to pixel
data zG3) is caused to correspond to the pixel data DG3, a
sum total of luminance of the sub-pixel SBI of the first sub-
frame (high luminance corresponding to pixel data ZB3) and
luminance of the sub-pixel SBI of the second sub-frame (low
luminance corresponding to pixel data zB3) is caused to
correspond to the pixel data DB3, a sum total of luminance of
the sub-pixel SRi of the first sub-frame (low luminance cor-
responding to pixel data ZR4) and luminance of sub-pixel SRi
of the second sub-frame (high luminance corresponding to
pixel data zR4) is caused to correspond to pixel data DR4, a
sum total of luminance of the sub-pixel SGi of the first sub-
frame (high luminance corresponding to pixel data ZG4) and
luminance of sub-pixel SGi of the second sub-frame (low
luminance corresponding to pixel data zG4) is caused to
correspond to pixel data DG4, and a sum total of luminance of
the sub-pixel SBi of the first sub-frame (low luminance cor-
responding to pixel data ZB4) and luminance of sub-pixel SBi
of the second sub-frame (high luminance corresponding to
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pixel data zB4) is caused to correspond to pixel data DB4.
Regarding the picture elements EY and EJ, they are illustrated
in FIG. 21.

[Conclusion]

[0068] Intheliquid crystal display device, when displaying
input image data in which pixel data of a first frame related to
a first color pixel of an upper side picture element of two
picture elements which are neighboring in a vertical direction
is first pixel data, and pixel data of a second frame related to
a first color pixel of a lower side picture element of the two
picture elements is second pixel data, luminance of a first
sub-pixel which is provided in a first color pixel of a prede-
termined picture element of a liquid crystal panel is higher
than luminance of a second sub-pixel which is close to the
first sub-pixel ina vertical direction in the first color pixel, and
a sum total of luminance of the first and second sub-pixels
corresponds to the first pixel data in a display period of the
first frame, and luminance of the second sub-pixel is higher
than luminance of the first sub-pixel, and a sum total of
luminance of the first and second sub-pixels corresponds to
the second pixel data in a display period of the second frame.
[0069] Intheliquid crystal display device, aratio ofa length
of the predetermined picture element in the vertical direction
to a length in the horizontal direction is 2.

[0070] In the liquid crystal display device, the third and
fourth sub-pixels which are neighboring in the vertical direc-
tion are arranged so that the first sub-pixel and the fourth
sub-pixel obliquely face each other, and the second sub-pixel
and the third sub-pixel obliquely face each otherinthe second
color pixel of the above-described predetermined picture ele-
ment, and when displaying the input image data in which
pixel data of the first frame related to the second color pixel of
the lower side picture element of the two picture elements is
the third pixel data, pixel data of the second frame related to
the second color pixel of the upper side picture element of the
two picture elements is the fourth pixel data, luminance of the
fourth sub-pixel is higher than luminance of the third sub-
pixel, and a sum total of luminance of the third and fourth
sub-pixels corresponds to the third pixel data in the display
period of the first frame, and luminance of the third sub-pixel
is higher than luminance of the fourth sub-pixel, and a sum
total of luminance of the third and fourth sub-pixels corre-
sponds to the fourth pixel data in the display period of the
second frame.

[0071] Inthe liquid crystal display device, luminance of the
second sub-pixel is 20% or less of luminance of the first
sub-pixel in the display period of the first frame, and lumi-
nance of the first sub-pixel is 20% or less of luminance of the
second sub-pixel in the display period of the second frame.
[0072] In the liquid crystal display device, fifth and sixth
sub-pixels which are neighboring in the vertical direction are
arranged so that the first sub-pixel and the fifth sub-pixel are
aligned in the horizontal direction, and the second sub-pixel
and the sixth sub-pixel are aligned in the horizontal direction
in the first color pixel of a picture element whichis close to the
predetermined picture element in the horizontal direction,
and luminance of the sixth sub-pixel is higher than luminance
of the fifth sub-pixel in the display period of the first frame,
and luminance of the fifth sub-pixel is higher than luminance
of the sixth sub-pixel in the display period of the second
frame.

[0073] The present invention is not limited to the above-
described embodiments, and modification examples which
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are obtained by appropriately changing the above-described
embodiments based on general technical knowledge, or
examples obtained by combining thereof are also included in
the embodiments of the present invention.

INDUSTRIAL APPLICABILITY
[0074] The present invention is preferable for a large liquid

crystal display device which displays an image with high
frequency (100 Hz or more), in particular.

REFERENCE SIGNS LIST

[0075] LCD LIQUID CRYSTAL DISPLAY DEVICE
[0076] LCP LIQUID CRYSTAL PANEL

[0077] EX,EY, EL BJ PICTURE ELEMENT

[0078] PRX, PGX, PBX PIXEL

[0079] SRX, SRx, SGX, SGx, SBX, SBx SUB-PIXEL
[0080] DCC DISPLAY CONTROL CIRCUIT

[0081] RCC RESOLUTION CONVERSION CIRCUIT
[0082] Gn SCANNING SIGNAL LINE

[0083] SR, SG, SB DATA SIGNAL LINE

[0084] CSn, CSn+1 HOLDING CAPACITOR WIRING
[0085] GD GATE DRIVER

[0086] SD SOURCE DRIVER

1. A liquid crystal display device

wherein, when displaying input image data in which pixel
data of a first frame related to a first color pixel of an
upper side picture element of two picture elements
which are neighboring in a vertical direction is first pixel
data, and pixel data of a second frame related to a first
color pixel of a lower side picture element of the two
picture elements is second pixel data, luminance of a
first sub-pixel which is provided in a first color pixel of
apredetermined picture element of a liquid crystal panel
is higher than luminance of a second sub-pixel which is
close to the first sub-pixel in a vertical direction in the
first color pixel, and a sum total of luminance of the first
and second sub-pixels corresponds to the first pixel data
in a display period of the first frame, and luminance of
the second sub-pixel is higher than luminance of the first
sub-pixel, and a sum total of luminance of the first and
second sub-pixels corresponds to the second pixel data
in a display period of the second frame.

2. The liquid crystal display device according to claim 1,

wherein third and fourth sub-pixels which are neighboring
in a vertical direction are arranged so that a first sub-
pixel and a fourth sub-pixel obliquely face each other,
and a second sub-pixel and a third sub-pixel obliquely
face each other in a second color pixel of the predeter-
mined picture element, and

wherein, when displaying the input image data in which
pixel data of the first frame related to the second color
pixel of the lower side picture element of the two picture
elements is third pixel data, and pixel data of the second
frame related to the second color pixel of the upper side
picture element of the two picture elements is fourth
pixel data, luminance of the fourth sub-pixel is higher
than luminance of the third sub-pixel, and a sum total of
luminance of'the third and fourth sub-pixels corresponds
to the third pixel data in a display period of the first
frame, and luminance of the third sub-pixel is higher
than luminance of the fourth sub-pixel, and a sum total
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of luminance of the third and fourth sub-pixels corre-
sponds to the fourth pixel data in a display period of the
second frame.

3. The liquid crystal display device according to claim 1,

wherein luminance of the second sub-pixel is 20% or less
of luminance of the first sub-pixel in the display period
of the first frame, and

wherein luminance of the first sub-pixel is 20% or less of
luminance of the second sub-pixel in the display period
of the second frame.

4. The liquid crystal display device according to claim 1,

wherein fifth and sixth sub-pixels which are neighboring in
the vertical direction are arranged so that the first sub-
pixel and the fifth sub-pixel are aligned in the horizontal
direction, and the second sub-pixel and the sixth sub-
pixel are aligned in the horizontal direction in the first
color pixel of a picture element which is close to the
predetermined picture element in the horizontal direc-
tion,

wherein luminance of the sixth sub-pixel is higher than
luminance of the fifth sub-pixel in the display period of
the first frame, and

wherein luminance of the fifth sub-pixel is higher than
luminance of the sixth sub-pixel in the display period of
the second frame.

5. The liquid crystal display device according to claim 1,

wherein a ratio of a length of the predetermined picture
element in the vertical direction to a length in the hori-
zontal direction is 2.

® % % % %
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