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LIQUID CRYSTAL DISPLAY DEVICE,
METHOD OF DRIVING LIQUID CRYSTAL
DISPLAY DEVICE, AND TELEVISION
RECEIVER

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device in which a screen division driving scheme andaV
inversion driving scheme are combined and a method of
driving the liquid crystal display device.

BACKGROUND ART

[0002] With increases in the quality of broadcast images
and performance of PCs, liquid crystal display devices used
therein have advanced without interruption for high resolu-
tions such as VGA (SD). XGA, WXGA, FHD, 2K4K, and
4K8K or high refresh rates such as 24 Hz, 30 Hz, 60 Hz
interlaced, 60 Hz progressive, 120 Hz (double speed), and
240 Hz.

[0003] As technologies corresponding to shortening of a
write time to each pixel with high definition of the liquid
crystal display devices, a V inversion driving scheme and a
screen division driving scheme have been suggested in the
related art.

[0004] The V inversion driving scheme refers to a driving
method (a 1V inversion driving scheme or an nV inversion
driving scheme) of supplying data signal lines with data sig-
nals with polarity inverted for each vertical scanning period or
every plurality of vertical scanning periods.

[0005] The screen division driving scheme refers to a driv-
ing method of dividing a display unit into a plurality of
regions and driving the respective regions separately (for
example, PTL 1). In the screen division driving scheme, for
example, when one screen is divided into upper and lower
regions (the upper region is referred to as a first region and the
lower region is referred to as a second region), the first half of
a frame is displayed in the first region and the second half of
the frame is displayed in the second region.

[0006] In recent liquid crystal display devices, high defini-
tion and an increase in a driving speed have been realized by
using such technologies.

CITATION LIST

Patent Literature

[0007] PTL 1: Japanese Unexamined Patent Application
Publication No. 2008-70406 (filed on Mar. 27, 2008)
SUMMARY OF INVENTION
Technical Problem

[0008] Here, the inventors and others of the present appli-
cation have found that when the V inversion driving scheme
and the screen division driving scheme according to the
related art are combined, a change in luminance is consider-
able in a boundary portion between the first and second
regions and thus display quality considerably deteriorates.
Hereinafter, a principle of occurrence of the change in lumi-
nance in the boundary portion between the first and second
regions will be described.

[0009] FIG. 25 is an equivalent circuit diagram of an active
matrix substrate used in a liquid crystal panel according to the
related art. FIG. 26 is a timing chart illustrating an ideal

Mar. 27,2014

driving method (normally black mode) for a liquid crystal
display device when a white solid image is displayed. FIG.
28(a) illustrates a display image displayed according to this
driving method. FIG. 27 is a timing chart illustrating a driving
method (normally black mode) for a liquid crystal display
device according to the related art when a white solid image
is displayed. F1G. 28(b) illustrates a display image displayed
according to this driving method.

[0010] In FIGS. 26 and 27, S indicates a data signal sup-
plied to a data signal line SL(a) (FIG. 25). GSP indicates a
gate start pulse. G(1), G(2), GB), . .., G(k), .. ., G(n-1), and
G(n) indicate gate signals (scanning signals) supplied to scan-
ning signal lines GL(1), GL(2), GL(3), . . ., GL(k), . . .,
GL(n-1), and GL(n) (FIG. 25), respectively. VP(1), VP(2),
VP@3),...,VPk), ..., VP(n-1), and VP(n) indicate poten-
tials (pixel potentials) of pixel electrodes PD(al), PD(a2),
PD(a3), ..., PD(ak), . . ., PD(an-1), and PD(an) (FIG. 25).
Here, the description will be made mainly focusing on an
arbitrary a-th column.

[0011] Inthe driving method, as illustrated in FIGS. 26 and
27, the data signal S with polarity inverted for each vertical
scanning period (1 V) is supplied to data signal lines SL,
while the data signals S with the polarities opposite to each
other are supplied to two adjacent data signal lines (for
example, data signal lines SL(a) and SL(b)) for the same
horizontal scanning period (H) (1 V inversion driving). Here,
since a display image is assumed to be a white solid image, the
potential (absolute value) of the data signal S is assumed to be
constant. Hereinafter, the description will be made assuming
that the pixel potential VP is an effective potential (the abso-
lute value with reference to Vcom).

[0012] Specifically, in a frame F1 among arbitrary consecu-
tive frames F1 to F4, the data signal S with the positive
polarity is supplied to the data signal line SL(a) for the first
horizontal scanning period (including the scanning period of
the scanning signal line GL(1)), the data signal S with the
positive polarity is also supplied to the data signal line SL(a)
for the second horizontal scanning period (including the scan-
ning period of the scanning signal line GL(2)), the data signal
S with the positive polarity is also supplied to the data signal
line SL(a) for a k-th (which is an integer of “1<k=n") hori-
zontal scanning period (including the scanning period of the
scanning signal line GL(k)), and the data signal S with the
positive polarity is also supplied to the data signal line SL(a)
for an n-th horizontal scanning period (including the scanning
period of the scanning signal line GL(n)). Further, the data
signal S with the negative polarity is supplied to the data
signal line SL(b) for the first horizontal scanning period (in-
cluding the scanning period of the scanning signal line
GL(1)), the data signal S with the negative polarity is also
supplied to the data signal line SL(b) for the second horizontal
scanning period (including the scanning period of the scan-
ning signal line GL(2)), the data signal S with the negative
polarity is also supplied to the data signal line SL(b) forak-th
horizontal scanning period (including the scanning period of
the scanning signal line GL(k)), and the data signal S with the
negative polarity is also supplied to the data signal line SL(b)
for ann-th horizontal scanning period (including the scanning
period of the scanning signal line GL(n)).

[0013] In the frame F2, the polarity of the data signal S
supplied to the data signal line SI(a) and the data signal line
SL(b)is assumed to be opposite to that of the frame F1. In the
frame F3, the same operation as that of the frame F1 is
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performed. In the frame F4, the same operation as that of the
frame F2 is performed. Thereafter, the same operations are
repeated.

[0014] Herein, when a white solid image is displayed, the
data signals S with the positive polarity and the same size (the
absolute value of a voltage) are supplied to the pixel elec-
trodes PD(al), PD(a2), PD(ak), PD(an-1), and PD(an) in the
frames F1 and F3 and the data signals S with the negative
polarity and the same size (the absolute value of'a voltage) are
supplied to the pixel electrodes PD(al), PD(a2), PD(ak),
PD(an-1), and PD(an) in the frames F2 and F4. Accordingly,
ideally, the white solid image is displayed, as illustrated in
FIG. 28(a).

[0015] In the liquid crystal display device according to the
related art, however, a problem may arise in that the pixel
potential VP is changed (lowered) from a potential Vsl
(white) of the written data signal S and luminance may not be
uniform due to a parasitic capacitance (Csd) occurring
between a data signal line and a pixel electrode. Hereinafter,
specific description will be made with reference to FI1G. 27.

[0016] Inthe pixel electrode PD(al), the potential VP(1) is
held at the potential Vsl of the written data signal S (data
signal with the positive polarity corresponding to white) for
one vertical scanning period (1V) from the supply of the data
signal S with the positive polarity for the first horizontal
scanning period (including the scanning period of the scan-
ning signal line GL(1)) of the frame F1 to the supply of the
data signal S with the negative polarity for the first horizontal
scanning period (including the scanning period of the scan-
ning signal line GL(1)) of the frame F2 (the absolute value of
the pixel potential VP(1) with reference to Vcom=the abso-
lute value of the data signal potential Vsl with reference to
Vcom). This is because a write start timing (rising of the gate
signal G(1)) of the data signal S during the first horizontal
scanning period of the frame F2 is identical to a timing at
which the data signal S is switched from the positive polarity
to the negative polarity, and thus the pixel potential VP(1) is
not affected by the polarity inversion of the data signal S.
Fven at the time of transition from the frame F2 to the frame
F3, the pixel potential VP(1) is likewise held at the data signal
potential Vsl without the effect of the polarity inversion, since
the data signal S is switched from the negative polarity to the
positive polarity at the write start timing (rising of the gate
signal G(1)) of the data signal S for the first horizontal scan-
ning period of the frame F3.

[0017] On the other hand, in the pixel electrode PD(a2), the
polarity of the data signal S is switched from the positive
polarity to the negative polarity from the supply of the data
signal S with the positive polarity for the second horizontal
scanning period (including the scanning period of the scan-
ning signal line GL(2)) of the frame F1 to the supply of the
data signal S with the negative polarity for the second hori-
zontal scanning period (including the scanning period of the
scanning signal line GL(2)) of the frame F2. That is, the
polarity of the data signal S is switched from the positive
polarity to the negative polarity at a timing 1 H (rising of the
gate signal G(1)) earlier than the gate signal G(2) rises in the
frame F2. Therefore, the potential VP(2) of the pixel electrode
PD(a2) in a floating state deteriorates (is pushed down) due to
the parasitic capacitance Csd by AVp from the potential Vsl of
the data signal S (the data signal S with the positive polarity
corresponding to white) written in the frame F1 at the switch-
ing timing ofthe polarity of the data signal S from the positive
polarity to the negative polarity (the absolute value of the
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pixel potential VP(2) (=Vsl-AVp) with reference to
Veom<the absolute value of the data signal potential Vsl with
reference to Vcom). Likewise, even at the time of transition
from the frame F2 to the frame F3, since the polarity of the
data signal S is changed from the negative polarity to the
positive polarity ata timing 1 H (rising of the gate signal G(1))
earlier than the write start timing (rising of the gate signal
G(2)) of the data signal S for the second horizontal scanning
period of the frame F3 with regard to the pixel potential
VP(2), the pixel potential VP(2) of the pixel electrode PD(a2)
deteriorates (is pushed up) by AVp from the potential Vsl of
the data signal S (the data signal S with the negative polarity
corresponding to white) written in the frame F2 due to the
effect of the polarity inversion of the data signal S (the abso-
lute value of the pixel potential VP(2) (=Vs1-AVp) with ref-
erence to Vcom<the absolute value of the data signal potential
Vsl with reference to Vcom).

[0018] Since the deterioration period of the potential of the
pixel electrode PD(a2) is about 1 H, the display quality is not
affected, but the deterioration period of the potential becomes
longer on an end side in a scanning direction.

[0019] Forexample, in the pixel electrode PD(an) which is
the termination portion in the scanning direction, the polarity
of the data signal S is switched from the positive polarity to
the negative polarity from the supply of the data signal S with
the positive polarity for an n-th horizontal scanning period
(including the scanning period of the scanning signal line
GL(n)) of the frame F1 to the supply of the data signal S with
the negative polarity for an n-th horizontal scanning period
(including the scanning period of the scanning signal line
GL(n)) of the frame F2. That is, immediately after the gate
signal G(n) in the frame F1 rises and the data signal potential
Vslis written to the pixel electrode PD(an), the polarity of the
data signal S is switched from the positive polarity to the
negative polarity. Therefore, the potential Vn of the pixel
electrode PD(an) deteriorates (is pushed down) due to the
parasitic capacitance Csd by AVp from the potential Vsl of the
data signal S (the data signal S with the positive polarity
corresponding to white) written in the frame F1 at the switch-
ing timing ofthe polarity of the data signal S from the positive
polarity to the negative polarity (the absolute value of the
pixel potential VP(n) (=Vsl-AVp) with reference to
Veom<the absolute value of the data signal potential Vsl with
reference to Vcom). Likewise, even at the time of transition
from the frame F2 to the frame F3, since the polarity of the
data signal S is switched from the negative polarity to the
positive polarity immediately after the gate signal G(n) rises
in the frame F2 and the data signal potential Vsl is written to
the pixel electrode PD(an) with regard to the pixel potential
VP(n), the pixel potential VP(n) of the pixel electrode PD(an)
deteriorates (is pushed up) by AVp from the potential Vsl of
the data signal S (the data signal S with the negative polarity
corresponding to white) written in the frame F2 due to the
effect of the polarity inversion of the data signal S (the abso-
lute value of the pixel potential VP(n) (=Vsl-AVp) with ref-
erence to Vcom<the absolute value of the data signal potential
Vsl with reference to Vcom).

[0020] Thus, in the pixel electrode PD(an), since the dete-
rioration period of the potential is an (n-1) horizontal scan-
ning period, the luminance considerably deteriorates com-
pared to the pixel electrode PD(al) located at the scanning
start end portion.

[0021] That is, with regard to a potential VP(k) of a pixel
electrode PD(ak), a period of “VP(k)=Vsl-AVp” becomes
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longer from the scanning start end portion (k=1) to the scan-
ning termination end portion (k=n). Accordingly, as illus-
trated in FIG. 28(b), an actually displayed image is an image
(so-called gradation image) of which luminance deteriorates
from the scanning start end portion to the scanning termina-
tion end portion.

[0022] When theV inversion driving scheme is applied to a
normal driving scheme rather than the screen division driving
scheme, the change in luminance is continuous in the scan-
ning direction. Therefore, the display quality is not consider-
ably affected at a visual level. However, when the V inversion
driving scheme is applied to the screen division driving
scheme, luminance is considerably changed in a boundary
portion between the first and second regions, as illustrated in
FIG. 29, due to the fact that the scanning termination end
portion of the first region in which the largest deterioration in
the luminance occurs and the scanning start end portion of the
second region in which an image is displayed with the origi-
nal luminance are adjacent to each other. Accordingly, the
display quality considerably deteriorates.

[0023] The present invention is devised in view of the fore-
going problems and an object of the present invention is to
provide a configuration in which a change in luminance rarely
occurs in a boundary portion between divided regions in a
liquid crystal display device in which a screen division
scheme and a V inversion driving scheme are combined.

Solution to Problem

[0024] To resolve the foregoing problems, the present
invention provides a liquid crystal display device in which
data signal lines, scanning signal lines, and pixels are formed
in each of first and second regions installed in a display umt
and in which a part of a current frame is written to the first
region and the remainder of the current frame is written to the
second region. A data signal with polarity inverted for each
vertical scanning period or every plurality of vertical scan-
ning periods is supplied to each data signal line. A scanning
direction in the first region is identical to a scanning direction
in the second region and the first and second regions are
arranged to line up in this order in the scanning direction. At
least in the first region, a potential of the data signal supplied
to each data signal line is corrected according to a distance
from a scanning start end portion.

[0025] With such a configuration, for example, when the
potential of the data signal supplied to each data signal line is
corrected in the first region, as described above, the lumi-
nance of the first region can be uniformed. Therefore the
change in the luminance occurring in the boundary portion
between the first and second regions can be suppressed. When
the potential of the data signal supplied to each data signal
line is corrected in the first and second regions, as described
above, the luminance of the first and second regions can be
uniformed. Therefore, since the change in the luminance in
the entire display image can be suppressed, the display qual-
ity can be improved.

[0026] To resolve the foregoing problems, the present
invention provides a method of driving a liquid crystal display
device in which data signal lines, scanning signal lines, and
pixels are formed in each of first and second regions installed
in a display unit and in which a part of a current frame is
written to the first region through scanning in the first region
of the current frame and the remainder of the current frame is
written to the second region through scanning in the second
region of the current frame. The method includes: supplying
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a data signal with polarity inverted for each vertical scanning
period or every plurality of vertical scanning periods to each
data signal line, allowing a scanning direction in the first
region to be identical to a scanning direction in the second
region and arranging the first and second regions to line up in
this order in the scanning direction, and correcting a potential
of the data signal supplied to each data signal line at least in
the first region according to a distance from a scanning start
end portion.

Advantageous Effects of Invention

[0027] As described above, the liquid crystal display device
and the method of driving the liquid crystal display device
according to the invention have the configuration and the
method in which the potential of the data signal supplied to
each data signal line is corrected according to a distance from
the scanning start end portion at least in the first region.
Accordingly, in the liquid crystal display device in which the
screen division scheme and the V inversion driving scheme
are combined, a change in the luminance rarely occurs in the
boundary portion between the divided regions.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1 is a timing chart illustrating a method of
driving a liquid crystal display device according to a first
embodiment.

[0029] FIG. 2 is a block diagram illustrating a schematic
configuration of a television receiver according to the first
embodiment.

[0030] FIG. 3 is an equivalent circuit diagram illustrating a
part of a liquid crystal panel according to the first embodi-
ment.

[0031] FIG. 4(a) is a diagram illustrating input timings of
frames A to D in the liquid crystal display device according to
the first embodiment, FIG. 4(b) is a diagram illustrating a
timing of awrite operation in the liquid crystal display device,
and FIG. 4(c) is a diagram illustrating a timing of another
write operation in the liquid crystal display device.

[0032] FIG. 5is atiming chart illustrating an example of the
method of driving the liquid crystal display device in corre-
spondence with a display image (gradation image) in F1G. 29.
[0033] FIG. 6(a) is a timing chart illustrating a driving
method corresponding to a pixel electrode PDx(k) when a
data signal is not corrected and FIG. 6(b) is a timing chart
illustrating a driving method corresponding to the pixel elec-
trode PDx(k) when the data signal is corrected.

[0034] FIG. 7 is a diagram illustrating an image displayed
by the method of driving the liquid crystal display device
according to the first embodiment.

[0035] FIG. 81s a timing chart illustrating another method
of driving the liquid crystal display device according to the
first embodiment.

[0036] FIG. 9isa block diagram illustrating the configura-
tion of a data correction circuit in the liquid crystal display
device according to the first embodiment.

[0037] FIG. 10 is a graph for describing a process in an
average voltage calculation unit of the data correction circuit
illustrated in FIG. 9.

[0038] FIG. 11 is an equivalent circuit diagram illustrating
apartofa liquid crystal panel according to a second embodi-
ment.

[0039] FIG. 12 is a timing chart illustrating a driving
method when a data signal is not corrected.
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[0040] FIG. 13 is a schematic diagram illustrating a display
state when the driving method in FIG. 12 is used.

[0041] FIG. 14 is a timing chart illustrating a driving
method corresponding to pixel electrodes PDx(k-1) and PDx
(k) when the data signal is not corrected.

[0042] FIG. 15 is a timing chart illustrating a driving
method corresponding to the pixel electrodes PDx(k-1) and
PDx(k) in a liquid crystal display device according to the
second embodiment.

[0043] FIG. 16 is a timing chart illustrating a method of
driving the liquid crystal display device according to the
second embodiment.

[0044] FIG. 17 is a block diagram illustrating a schematic
configuration of a liquid crystal display device according to a
third embodiment.

[0045] FIG. 18 is an equivalent circuit diagram illustrating
a part (scanning start side) of a liquid crystal panel according
to the third embodiment.

[0046] FIG. 19 is an equivalent circuit diagram illustrating
a part (scanning termination side) of the liquid crystal panel
according to the third embodiment.

[0047] FIG. 20 is a timing chart illustrating a method of
driving the liquid crystal display device according to the third
embodiment.

[0048] FIG. 21 is a schematic diagram illustrating a display
state of the scanning start side when the driving method in
FIG. 20 is used.

[0049] FIG. 22 is a schematic diagram illustrating a display
state of the scanning termination side when the driving
method in FIG. 20 is used.

[0050] FIG. 23 is a schematic diagram illustrating a display
state (bright and dark) of the scanning start side when the
driving method in FIG. 20 is used.

[0051] FIG. 24 is a schematic diagram illustrating a display
state (bright and dark) of the scanning termination side when
the driving method in FIG. 20 is used.

[0052] FIG. 25 is an equivalent circuit diagram of an active
matrix substrate used in a liquid crystal panel according to the
related art.

[0053] FIG.26is atiming chart illustrating an ideal method
(normally black mode) of driving a liquid crystal display
device when a white solid image is displayed.

[0054] FIG. 27 is a timing chart illustrating a method (nor-
mally black mode) of driving a liquid crystal display device
according to the related art when a white solid image is
displayed.

[0055] FIG. 28(a) is a diagram illustrating a display image
displayed according to the driving method in FIG. 26 and
FIG. 28(b) is a diagram illustrating a display image displayed
according to the driving method in FIG. 27.

[0056] FIG. 29 is a diagram illustrating a display image
(gradation image) displayed according to the driving method
in the liquid crystal display device of the related art in which
a V inversion driving scheme is applied to a screen division
driving scheme.

DESCRIPTION OF EMBODIMENTS

[0057] Embodiments of the present invention will be
described below with reference to FIGS. 1 to 24. To facilitate
the description thereof, an extension direction of a scanning
signal line is assumed to be a row direction below. However,
when a liquid crystal display device including a liquid crystal
panel (or an active matrix substrate used therein) herein is
used (viewed), the scanning signal lines may, of course,
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extend in the horizontal direction or may extend in the vertical
direction. Further, in the drawings illustrating the liquid crys-
tal panel, an alignment regulation structure is appropriately
omitted.

First Embodiment

(Configuration of Liquid Crystal Display Device)

[0058] FIG. 2 is a block diagram illustrating a schematic
configuration of a television receiver herein. As illustrated in
the drawing, a television receiver 50a includes a tuner 40 and
a liquid crystal display device 10a. The liquid crystal display
device 10a includes a liquid crystal panel 3a divided into first
and second regions, a first display control circuit 20x, a first
source driver SDx, a first gate driver GDx, a first Cs control
circuit 30x, a second display control circuit 20y, a second
source driver SDy, a second gate driver GDy, and a second Cs
control circuit 30y. The first display control circuit 20x, the
first source driver SDx, the first gate driver GDx, and the first
Cs control circuit 30x are used to drive the first region and the
second display control circuit 20y, the second source driver
SDy, the second gate driver GDy, and the second Cs control
circuit 30y are used to drive the second region.

[0059] A vertical synchronization signal VSYNC(x), a
horizontal synchronization signal HSYNC(x), a data enable
signal DE(x), video data DAT(x), and a clock signal CLK(x)
are input from the tuner 40 to the first display control circuit
20x. A vertical synchronization signal VSYNC(y), a horizon-
tal synchronization signal HSYNC(y), a data enable signal
DE(y), video data DAT(y), and a clock signal CLK(y) are
input from the tuner 40 to the second display control circuit
20y. The first display control circuit 20x outputs a gate start
pulse GSP(x) for the first region to the first gate driver GDx
and outputs a Cs control signal for the first region to the first
Cs control circuit 30x. Further, the second display control
circuit 20y outputs a gate start pulse GSP(y) for the second
region to the second gate driver GDy and outputs a Cs control
signal for the second region to the second Cs control circuit
30y. The first Cs control circuit 30x supplies a Cs signal
(holding capacitance wiring signal) to each holding capaci-
tance wiring of the first region and the second Cs control
circuit 30y supplies a Cs signal to each holding capacitance
wiring of the second region.

(Configuration of Liquid Crystal Panel)

[0060] The liquid crystal panel 3a according to the first
embodiment has a so-called upper and lower division single
source configuration (a configuration in which two data sig-
nal lines are installed in upper and lower portions per pixel
column and two upper and lower scanning signal lines are
simultaneously selected) in which one data signal line is
installed in correspondence with the upper half (the upstream
side of the panel; the first region) of one pixel column and one
data signal line is installed in correspondence with the lower
half (the downstream side of the panel; the second region) of
the pixel column, and thus double speed driving can be
achieved compared to a normal panel configuration. Herein-
after, a specific description will be made.

[0061] FIG. 3 is an equivalent circuit diagram illustrating a
part of the liquid crystal panel 3a according to the first
embodiment. In the first region of the liquid crystal panel 3a,
as illustrated in FIG. 3, data signal lines SLx(a), SLx(b),
SLx(c), and SLx(d) are arranged to line up in this order,
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scanning signal lines GLx(1), GLx(2), . . ., GLx(k), . . .,
GLx(n-1), and GLx(n) extending in the row direction (the
right and left directions in the drawing) are arranged to line up
in this order, and holding capacitance wirings CSx(1), CSx
(2),...,CSx(k), ..., CSx(n-1), and CSx(n) are arranged to
line up in this order in correspondence with the scanning
signal lines, respectively. Here, k is an integer equal to or
greater than 1 and equal to or less than n (1<k<n) and n s, for
example, 540 (lines).

[0062] In the first region, a pixel Px(al) is installed in
correspondence with the intersection of the data signal line
SLx(a) and the scanning signal line GLx(1), a pixel Px(a2) is
installed in correspondence with the intersection of the data
signal line SLx(a) and the scanning signal line GLx(2), a pixel
Px(ak) is installed in correspondence with the intersection of
the data signal line SLx(a) and the scanning signal line GLx
(k), a pixel Px(an-1) is installed in correspondence with the
intersection of the data signal line SLx(a) and the scanning
signal line GLx(n-1), and a pixel Px(an) is installed in cor-
respondence with an intersection of the data signal line SLx
(a) and the scanning signal line GLx(n). Likewise, a pixel
Px(bk) is installed in correspondence with the intersection of
the data signal line SLx(b) and the scanning signal line GLx
&).

[0063] One pixel electrode PDx is disposed for each pixel
Px. A pixel electrode PDx(al) of the pixel Px(al) is connected
to the data signal line SL.x(a) via a transistor (TFT) Tx(al)
connected to the scanning signal line GLx(1). A pixel elec-
trode PDx(a2) of the pixel Px(a2) is connected to the data
signal line SLx(a) via a transistor Tx(a2) connected to the
scanning signal line GLx(2). A pixel electrode PDx(ak) of the
pixel Px(ak) is connected to the data signal line SLx(a) via a
transistor Tx(ak) connected to the scanning signal line GLx
(k). A pixel electrode PDx(an-1) of the pixel Px(an-1) is
connected to the data signal line SLx(a) via a transistor
Tx(an-1) connected to the scanning signal line GLx(n-1). A
pixel electrode PDx(an) of the pixel Px(an) is connected to the
data signal line SLx(a) via a transistor Tx(an) connected to the
scanning signal line GLx(n). Likewise, a pixel electrode PDx
(bk) of the pixel Px(bk) is connected to the data signal line
SLx(b) via a transistor Tx(bk) connected to the scanning
signal line GLx(Kk).

[0064] On the other hand, in the second region, as illus-
trated in F1G. 3, data signal lines SLy(a), SLy(b), SLy(c), and
SLy(d) are arranged to line up in this order, scanning signal
lines GLy(1), GLy(2), . . ., GLy(k), . . ., GLy(n-1), and
GLy(n) extending in the row direction (the right and left
directions in the drawing) are arranged to line up in this order,
and holding capacitance wirings CSy(1), CSy(2), .. ., CSy
(k), . ..,CSy(n-1), and CSy(n) are arranged to line up in this
order in correspondence with the scanning signal lines GLy,
respectively. Here, k is an integer equal to or greater than 1
and equal to or less than n (1=k=n) and n is, for example, 540
(lines).

[0065] In the second region, a pixel Py(al) is installed in
correspondence with the intersection of the data signal line
SLy(a) and the scanning signal line GLy(1), a pixel Py(a2) is
installed in correspondence with the intersection of the data
signal line SLy(a) and the scanning signal line GLy(2), a pixel
Py(ak) is installed in correspondence with the intersection of
the data signal line SLy(a) and the scanning signal line GLy
(k), a pixel Py(an-1) is installed in correspondence with the
intersection of the data signal line SLy(a) and the scanning
signal line GLy(n-1), and a pixel Py(an) is installed in corre-
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spondence with an intersection of the data signal line SLy(a)
and the scanning signal line GLy(n). Likewise, a pixel Py(bk)
is installed in correspondence with the intersection of the data
signal line SLy(b) and the scanning signal line GLy(k).
[0066] One pixel electrode PDy is disposed for each pixel
Py. A pixel electrode PDy(al) of the pixel Py(al) is connected
to the data signal line SLy(a) via a transistor Ty(al) connected
to the scanning signal line GLy(1). A pixel electrode PDy(a2)
of the pixel Py(a2) is connected to the data signal line SLy(a)
via a transistor Ty(a2) connected to the scanning signal line
GLy(2). A pixel electrode PDy(ak) of the pixel Py(ak) is
connected to the data signal line SLy(a) via a transistor Ty(ak)
connected to the scanning signal line GLy(k). A pixel elec-
trode PDy(an-1) of the pixel Py(an-1) is connected to the
data signalline SLy(a) via a transistor Ty(an-1) connected to
the scanning signal line GLy(n-1). A pixel electrode PDy(an)
of the pixel Py(an) is connected to the data signal line SLy(a)
via a transistor Ty(an) connected to the scanning signal line
GLy(n). Likewise, a pixel electrode PDy(bk) of the pixel
Py(bk) is connected to the data signal line SLy(b) via a tran-
sistor Ty(bk) connected to the scanning signal line GLy(k).
[0067] The respective scanning signal lines GLx and GLy
are selected one by one sequentially, the scanning direction in
the first region is identical to the scanning direction in the
second region, and the first and second regions are arranged to
line up in this order in the scanning direction. In FIG. 3, the
scanning is assumed to be performed from the upper side
(upstream side) to the lower side (downstream side) of the
sheet surface. That is, the scanning signal lines GLx(1), GLx
2),...,GLx(&),...,GLx(n-1), GLx(n), GLy(1), GLy(2), .
.., GLy(k), .. ., GLy(n-1), and GLy(n) are selected in this
order.

(Screen Division Scheme)

[0068] Here, an example of a write operation in the liquid
crystal display device 10a will be described. FIG. 4(a) illus-
trates input timings of frame A to D. In the drawing, vertical
synchronization signals of frames A to D are indicated by
VSA to VSD, and the periods (VtA to VID) of the frames A to
D are assumed to be the same, 1120 lines (a blanking period
is 40 lines among the lines). FIG. 4(b) illustrates timings of a
write operation in the liquid crystal display device 10q.
[0069] As illustrated in FIG. 4(b), after the first half Ax of
the first frame A is written to the first region, the second half
Ay of the first frame A is written to the second region. Here,
after the first half Bx of the second frame B is written to the
first region so as to temporally overlap the write period of the
second half Ay of the frame A, the second half By of the
second frame B is written to the second region. Then, after the
first half Cx of the third frame C is written to the first region
so as to temporally overlap the write period of the second half
By of the frame B, the second half Cy of the third frame C is
written to the second region.

[0070] InFIG. 4(b), a gate start pulse of the first-half frame
Ax is indicated by GSAX, a gate start pulse of the first-half
frame Bx is indicated GSBx, a gate start pulse of the first-half
frame Cx is indicated by GSCx, and a gate start pulse of the
first-half frame Dx is indicated by GSDx. The gate start pulse
GSAx of the first-half frame Ax is synchronized with the
vertical synchronization signal VSA of the frame A, the gate
start pulse GSBx of the first-half frame Bx is synchronized
with the vertical synchronization signal VSB of the frame B,
the gate start pulse GSCx of the first-half frame Cx is syn-
chronized with the vertical synchronization signal VSC of the



US 2014/0085279 A1l

frame C, and the gate start pulse GSDx of the first-half frame
Dx is synchronized with the vertical synchronization signal
VSD of the frame D. Further, the periods (VtAx to VtDx) of
the first-half frames Ax to Dx are assumed to be the same and
be 560 lines (a blanking period is 20 lines among the lines).
[0071] In FIG. 4(b), a gate start pulse of the second-half
frame Ay is indicated by GSAy, a gate start pulse of the
second-half frame By is indicated GSBy, a gate start pulse of
the second-half frame Cy is indicated by GSCy, and a gate
start pulse of the second-half frame Dy is indicated by GSDy.
The gate start pulse GSAy of the second-half frame Ay is
activated after W (period of 540 lines) passes from the gate
start pulse GSAx of the first-half frame Ax. The gate start
pulse GSBy of the second-half frame By is activated after a
period W passes from the gate start pulse GSBx of the first-
half frame Bx. The gate start pulse GSCy of the second-half
frame Cy is activated after the period W passes from the gate
start pulse GSCx of the first-half frame Cx. The gate start
pulse GSDy of the second-half frame Dy is activated after the
period W passes from the gate start pulse GSDx of the first-
half frame Dx. Further, the periods (VtAy to VtDy) of the
second-half frames Ay to Dy are assumed to be the same and
be 560 lines (a blanking period is 20 lines among the lines).
[0072] As illustrated in FIGS. 4(a) and 4(b), in the liquid
crystal display device 10a of the screen division (upper and
lower division) driving scheme, for example, 540 lines may
be output (scanned) for an input period of 1080 lines and 1 H
(one horizontal scanning period) of the output side may be
two times 1 H (one horizontal scanning period) of the input
side. Therefore, a charging rate of each pixel can be increased.
Further, it is possible to realize shortening of a write time to
each pixel which results in high definition of the liquid crystal
display device.

[0073] A divided portion (a boundary between the first and
second regions) is not limited to the center of the liquid crystal
panel in the upper and lower directions, but the areas of the
first and second regions may differ from each other. In this
case, some of the frames are written to the first region and the
remainder of the frames are written to the second region.
[0074] The liquid crystal display device 10a may have, as a
configuration for another write operation, a configuration in
which the first half Bx of the frame B and the second half Ay
of the frame A are written to the first and second regions,
respectively, at the same timing, for example, as illustrated in
FIG. 4(c). In this case, since control signals such as the same
gate start pulse and vertical synchronization signal can be
used in the first and second regions, the circuit configuration
can be simplified.

[0075] However, when the blanking period becomes
longer, alag in the display timing between the first and second
regions may occur, and an adverse effect such that a video is
interrupted when displaying a fast motion video may also
occur. Therefore, the write timings of the first and second
regions are preferably adjusted depending on a setting con-
dition of the liquid crystal display device. Further, an exami-
nation result of the timings shows that interruption of a video
is rarely viewed when a deviation (blanking period) between
the final write timing of the first half Ax of the frame A and the
initial write timing of the second half Ay of the frame A is
about %10 of one vertical scanning period.

(V Inversion Driving Scheme)

[0076] Here, the liquid crystal display device 104 is driven
according to the V inversion driving scheme. Here, for con-
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venience sake, the description will be made using a 1 V
inversion driving scheme in which a data signal with polarity
inverted for each vertical scanning period (1 V) is supplied to
data signal lines, while the data signals with polarities oppo-
site to each other are supplied to two adjacent data signal lines
for the same horizontal scanning period. Further, the liquid
crystal display device of the invention may have a configura-
tion in which a data signal in which the polarity is the same is
supplied to two adjacent data signal lines for the same hori-
zontal scanning period in the V inversion driving scheme.
Here, a white solid image will be exemplified as an image to
be displayed.

[0077] InthelVinversiondriving scheme of therelated art,
an image (gradation image) in which luminance deteriorates
from a scanning start end portion to a scanning termination
end portion is displayed, as illustrated in FIG. 28(5). Further,
when the 1V inversion driving scheme is applied to the screen
division driving scheme, the termination end side of the first
region in which the luminance deteriorates approaches the
start end side of the second region in which an image is
displayed with the original luminance. Therefore, as illus-
trated in FIG. 29, the luminance is considerably changed in
the boundary portion between the first and second regions,
and thus the display quality considerably deteriorates. F1IG. 5
is a timing chart corresponding to a display image (gradation
image) in FIG. 29. The driving method will be described
below.

[0078] A frame F1 is divided into a first-half frame Fix and
asecond-half frame Fly, a frame F2 is divided into a first-half
frame F2x and a second-half frame F2y, a frame F3 is divided
into a first-half frame F3x and a second-half frame F3y, and a
frame F4 is divided into a first-half frame F4x and a second-
half frame F4y. The first-half frames F1x, F2x, F3x, and F4x
are written to the first region and the second-half frames F 1y,
F2y, F3y, and F4y are written to the second region.

[0079] After the first first-half frame Fix is written to the
first region, the second-half frame F1y is written to the second
region. Here, after the second first-half frame F2x is written to
the first region so as to temporally overlap the write period of
the second-half frame F1y, the second second-half frame F2y
is written to the second region. Then, after the third first-half
frame F3x is written to the first region so as to temporally
overlap the write period of the second-half frame F2y, the
third second-half frame F3y is written to the second region.
[0080] A driving method for the first and second regions is
the same as that of FIG. 27.

[0081] When a decrease amount from a potential Vsl is
assumed to be AVp, as illustrated in FIG. 5, the pixel potential
VPx(n) is “Vsl-AVp” across a (n-1) horizontal scanning
period in the pixel electrode PDx(an) located at a scanning
termination end portion of the first region. On the other hand,
a pixel potential VPy(1) is held at Vsl across an n horizontal
scanning period in the pixel electrode PDy(al) located at a
scanning start end portion of the second region and adjacent
to the pixel electrode PDx(an) in the column direction. There-
fore, a difference in luminance corresponding to the maxi-
mum AVpx(n-1) occurs in the boundary portion between the
first and second regions per each frame period.

[0082] Here, for convenience sake, an effect of a parasitic
capacitance formed with a data signal line (another data sig-
nal line) not electrically connected to the pixel electrodes
between two data signal lines disposed left and right is
ignored. The effect of the parasitic capacitance will be
described later (FIG. 8).
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(Correction of Change in Luminance)

[0083] The liquid crystal display device 10a has a configu-
ration in which the change in the luminance is corrected
(reduced). Hereinafter, a configuration for reducing the
change in the luminance will be described. In the liquid
crystal display device 10q, the potential of the data signal S
corresponding to the input video data DAT is corrected to
reduce the change in the luminance and a corrected data
signal S'is supplied to the data signal line SL. The correction
of the data signal S is performed at least in the first region.
Hereinafter, a case in which the correction is performed in
both of the first and second regions will be described. Since
the correction is performed in the first and second regions in
the same way, the correction of the first region will be
described.

[0084] A method of correcting the data signal S will be
described with reference to FIG. 6. FIG. 6(a) is a timing chart
illustrating a driving method corresponding to a pixel elec-
trode PDx (k) (wherek is an integer of “1<k=<n") when the data
signal S is not corrected and FIG. 6(b) is a timing chart
illustrating a driving method corresponding to the pixel elec-
trode PDx (k) when the data signal S is corrected.

[0085] S indicates a data signal supplied to the data signal
line SLx, S' indicates a corrected data signal supplied to the
data signalline SL.x, Gx(1) indicates a gate signal supplied to
the scanning signal line GLx(1) selected for the first horizon-
tal scanning period, Gx(k) indicates a gate signal supplied to
the scanning signal line GLx(k) selected for the k-th horizon-
tal scanning period, and Vpx(k) indicates the potential of the
pixel electrode PDx(k).

[0086] A decrease amount of the potential in the pixel elec-
trode PDx(k) is assumed to be AVp. In the case of FIG. 6(a),
an integrated potential Vp(sum) for one frame period is a
value obtained by adding an integrated potential for a period
after writing of Vsl and an integrated potential for a decrease
period of the potential:

the integrated potential for the period after the
writing=Vsix(n-(k-1)),

the integrated potential for a decrease period of poten-
tial=(Vsl-AVp)x(k-1), and

Vp(sum)=Vsix (n—(k=1))+(VsI-AVp)x(k-1)=Vsixn—
AVpx(k-1).

[0087] From the above equation, it can be understood that
the integrated potential Vp(sum) for one frame period is
decreased by “AVpx(k-1)" from the integrated potential (Vsl
x n) for the original one frame period. As a result of this
decrease in the amount of the potential, an image may appear
as the gradation image illustrated in FIG. 29.

[0088] Accordingly, in the liquid crystal display device 10a
according to the embodiment, the potential decrease amount
(AVpx(k-1)) for one frame period is converted (averaged)
into a potential decrease amount AV(k) per horizontal scan-
ning period, and the converted value is added to the potential
of the data signal S for each horizontal scanning period in a
subsequent frame. AV (k) can be expressed as in the following
equation:

AVR)=AVpx(k-1)n.

In addition, the potential Vsl of the data signal S is corrected

to apotential Vsl'(k) of the data signal §' expressed as follows:
Vsi(B)=Vsl+AVIR)=Vsl+AVpx(k-1)/n.
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[0089] 1In the case of FIG. 6(b), the integrated potential
Vp(sum) of one frame period is expressed as follows:

the integrated potential for the period after the writ-
ing=(Vsl+AVE)x(n-(k-1)),

the integrated potential for the decrease period of the
potential=(Vsl+AVk-AVp)x(k-1), and

Vp(sum)=(Vsl+AV{k))x (n—(k=1))+(Vsl+AV{k)-AVp)x
(k-1).

[0090] According to the foregoing equation, it can be
understood that the integrated potential Vp(sum) for one
frame period is the same as the integrated potential “Vsl x n”
for the original one frame period. Therefore, by correcting the
data signal S to S, the luminance for one frame period can be
averaged.

[0091] A potential amount added to the potential of the data
signal of the current frame is calculated based on the potential
decrease amount (AVp) of the data signal of the previous
frame (immediately previous frame). However, since the
immediately previous frame is used, reliability of the display
quality does not deteriorate.

[0092] FIG. 1 is a timing chart illustrating a method of
driving the liquid crystal display device 10a and correspond-
ing to FIG. 6(b). In FIG. 1, adotted line shown in the potential
VPofeachpixel electrode PD indicates the original potentials
Vsl and -Vsl of the data signal. As illustrated in FIG. 1, the
potential of the data signal S' supplied to the data signal line
is increased from the scanning start end portion to the scan-
ning termination end portion. Thus, the decrease amount of
the potential after the writing to the pixel electrode PD is
compensated. That is, in the pixel electrode PD(n) which is
the termination portion in the scanning direction, the decrease
amount of the potential for one frame period is the maximum.
Therefore, the potential of the data signal written to the pixel
electrodes PDx(n) and PDy(n) for the n-th horizontal scan-
ning period is also the maximum.

[0093] According to the foregoing driving method, since
the average display luminance for one frame period canbe set
to be the same in the respective pixels in the first and second
regions, the display image illustrated in FIG. 28(a) can be
displayed.

[0094] Thus, in the liquid crystal display device 10a, the
change in the luminance occurring between the first and sec-
ond regions can be reduced by correcting the potential of the
data signal supplied to the data signal line SLx according to a
distance from the scanning start end portion. Further, to
reduce the change in the luminance occurring in the boundary
portion between the first and second regions, the foregoing
correction process (the foregoing driving method) may be
performed at least in the first region. When the foregoing
correction process is performed only in the first region, a
display image illustrated in FIG. 7 can be obtained. In the
display image in FIG. 7, the change in the luminance is
continuous in the scanning direction in the second region.
Therefore, since the change in the luminance can be further
suppressed compared to the case of FIG. 28(b), the display
quality is not considerably affected at a visual level.

[0095] Here, ineach pixel electrode, a parasitic capacitance
is also formed between the pixel electrode and a data signal
line (the other data signal line) which is not electrically con-
nected between two data signal lines disposed right and left.
Forexample, in the pixel electrode PDx(k), a parasitic capaci-
tance is also formed between the pixel electrode and the data
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signal line SLx(b) which is not electrically connected.
Accordingly, since each pixel electrode is affected by the
parasitic capacitance occurring between the pixel electrode
and the other data signal line, a variation amount of potential
of the data signal is preferably calculated considering (sub-
tracting) two parasitic capacitances occurring between the
pixel electrode and two adjacent data signal lines (one data
signal line and the other data signal line).

[0096] Here, for example, when the effect of the parasitic
capacitance occurring betweer a pixel electrode and the other
data signal line is greater than the effect of the parasitic
capacitance occurring between the pixel electrode and the
one data signal line, the integrated potential for one frame
period is higher than the original integrated potential (Vslx n)
in some cases. Specifically, for example, a case in which black
data is supplied to one data signal line and white data (with
polarity opposite to that of the black data) is supplied to the
other data signal line will be assumed. In this case, since the
effect of a variation in the potential caused by the other data
signal is greater than the effect of a variation in the potential
by the one data signal line, as illustrated in FIG. 8, the poten-
tial of the data signal is corrected in each frame such that the
potential is decreased (approaches the center potential) con-
tinuously from the original potential from the frame start time
point to the frame end time point. Accordingly, the change in
the luminance occurring in the boundary portion between the
first and second regions can be suppressed. In this case, when
n (where n is an integer equal to or greater than 1) scanning
signal lines are installed in the first region, the potential of the
data signal corresponding to a video signal input from the
outside is assumed to be Vsl, and the potential amount of the
potential of the pixel electrode increased by inverting the
polarity ofthe data signal is assumed to be AVph, a correction
potential VsI'(k) of the data signal supplied to each data signal
line in the first region for a k-th (where k is an integer equal to
or greater than 1 and equal to or less than n) horizontal
scanning period is expressed as in:

Vsl (k)=Vsl-AVphx(k-1)/n.

(Configuration of Data Correction Circuit)

[0097] Next, a configuration of the liquid crystal display
device 10a performing the foregoing correction process (the
foregoing driving method) will be described.

[0098] The first display control circuit 20x (see FIG. 2) of
the liquid crystal display device 10a includes a data correc-
tion circuit 21x that corrects the video data DAT(x) and the
second display control circuit 20y (see FIG. 2) includes a data
correction circuit 21y that corrects the video data DAT(y).
Since the data correction circuits 21x and 21y have the same
configuration, the data correction circuit 21x will be
described below. FIG. 9 is a block diagram illustrating the
configuration of the data correction circuit 21x. The liquid
crystal display device 10a includes only the data correction
circuit 21x in a configuration in which the foregoing correc-
tion process is performed only in the first region and includes
both of the data correction circuits 21x and 21y in a configu-
ration in which the foregoing correction process is performed
in both of the first and second regions. In the configuration in
which the foregoing correction process is performed in both
ofthe first and second regions, one data correction circuit may
be installed outside the first display control circuit 20x and the
second display control circuit 20y.
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[0099] As illustrated in FIG. 9, the data correction circuit
21x includes a video data input unit 211x, an average voltage
calculation unit 212x, a first LUT (lookup table) 213x, a
maximum correction value calculation unit 214x, a second
LUT 215x, a correction position counter unit 216x, a position
correction unit 217x, and a video data output unit 218x.
[0100] The video data DAT(x) is input from the tuner 40
(FIG. 2) to the video data input unit 211x. The video data input
unit 211x provides the input video data DAT(x) to the average
voltage calculation unit 212x and the correction position
counter unit 216x on the rear stage.

[0101] Theaverage voltage calculation unit 212x calculates
an average source voltage of one frame for each data signal
line SLx based on the video data DAT(x) acquired from the
video data input unit 211x. Here, the source voltage refers to
the absolute value of the signal potential of the video data
DAT(x) with reference to Vcom. Since the signal potential
and the source voltage of the video data DAT(x) are matched
with each other in the first LUT, the average voltage calcula-
tion unit 212x acquires a source voltage corresponding to the
video data DAT(x), referring to the first LUT 213x.

[0102] The average voltage calculation unit 212x acquires
source voltages corresponding to one frame and calculates an
average source voltage. The voltage set in the first LUT 213x
may be assumed to be a liquid crystal application voltage.
Since a difference in the voltage set by the data signal line is
normally not considered, the first LUT 213x can be config-
ured as one table. Accordingly, since processes subsequent to
the process of substituting the display image of each frame
with a solid image can be performed, the correction process
can be simplified.

[0103] The average voltage calculation unit 212x performs
a process of updating the average source voltage by integrat-
ing the data (source voltages) corresponding to one frame.
The average voltage calculation unit 212x discards the old
data when new data is integrated. When the new data is read
using a line memory for each data signal line and the integra-
tion is repeated while discarding the old data, data becomes
more accurate. However, since a frame memory is necessary
to do so, it is not preferable to do so. Accordingly, in the
embodiment, for example, when Vk (where k=1 ton) is input,
the current average source voltage is discarded as in “sum
(VK)<—sum (Vk-1)+Vk-sum(Vk-1)/n.” Accordingly, a time
lag occurs between the true average source voltage and the
calculated value. However, when 500 pieces of data are inte-
grated during one frame, there is not so much difference as an
average value in a video stable although about 100 pieces of
data are delayed. In a video in which a motion is large to the
degree that this has an effect, the problem of the change in the
luminance is not actualized.

[0104] In a graph illustrated in FIG. 10, random number
data with an average value of about 250 1s generated from 0 to
500, and a calculation result (simple calculation) of the aver-
age value obtained when every 100 pieces of data are set as
one interval is compared to the original average value. As
shown in the graph, it can be confirmed that substantially the
same behavior as that of the original average value can be
obtained even in the simple calculation. Apparently, when the
original average value can be estimated allowing for the fact
that the calculation period of the average value becomes
longer, the average value obtained through the simple calcu-
lation may be multiplied by an integer for use. That is, when
random number data from Oto 255 are used, a difference with
an average value calculated with reference to 127 can be
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expanded and used. However, there is no case in which the
video signals are all random numbers, and it is observed that
there is no problem even when the simply calculated value is
used as an average value without regard to this idea, consid-
ering that there is a strong correlation and a problem of the
luminance separation is not visible for the random number
data in most cases even over the frame. When the average
value is a gradation data, the source voltage may be calculated
from an LUT. When there is a room for a resource, a voltage
may be converted in advance likewise using the LUT at a step
of calculating the average value.

[0105] When the average source voltage is calculated
according to the same rules and the resources of a circuit for
division have a non-negligible size, the simplicity can also be
achieved. In this case, nc used in the calculation may be set to
the power-of-two which is the closest to nr of the calculation
of the actual average value. That is, when 1080 pieces of line
data are treated with, calculating the average value as the sum
voltage/nr using “nr=1080” is suitable. However, the sum
voltage/nc may be treated as the average voltage at the time of
the calculation of the average value, using “nc=1024=nr.”
When nc>nr, the average source voltage of that time may be
treated as being input at a timing before a vertical synchroni-
zation signal is input. When nc<nr, data immediately after the
vertical synchronization signal may be skipped by a neces-
sary number. It is obvious that such a kind of approximation
does not cause a serious error from the viewpoint of the
correction of the luminance in the boundary portion between
the first and second regions. Accordingly, the average source
voltage can be calculated using only simple bit manipulation,
addition, and subtraction. Here, the “average” is used, but is
not strict mathematically. Appropriate calculation can be
applied as long as the average source voltage has an output in
the range of 80% to 120% of the true average value of the
integrated potential. That is, the average source voltage used
in the data correction circuit 21x can be set to be in the range
of 80% to 120% of the true average source voltage.

[0106] Based on the average source voltage acquired from
the average voltage calculation unit 212x, the maximum cor-
rection value calculation unit 214x calculates the maximum
correction amount (maximum correction value) in one frame,
referring to the second LUT 215x. Here, as illustrated in FIG.
5 and FIG. 6(a), the polarity of the data signal S immediately
after the writing of the potential Vsl of the data signal is
switched in the pixel electrode PDx(n) which is the termina-
tion portion in the scanning direction, and thus the pixel
potential VPx(n) is decreased from Vsl to “Vsl-AVp.” Since
the decreased pixel potential VPx(n) (=Vsl-AVp)is held only
for a (n—1) horizontal scanning period from the first horizon-
tal scanning period to the (n-1)-th horizontal scanning
period, the maximum correction value corresponding to one
frame is calculated as “AVpx(n-1).” That is, in the pixel
electrode PDx(k), the maximum correction value corre-
sponding to one frame is calculated as “AVpx(k-1)”

[0107] The decrease amount AVp of the pixel potential can
be calculated in advance based on characteristics or the like of
the liquid crystal panel such as gradation of the source voltage
and the parasitic capacitance Csd. The decrease amount AVp
can also be calculated using a frame memory based on the
average source voltage of the immediately previous frame or
a frame before the immediately previous frame and the
decreased pixel potential.

[0108] In the second LUT 215, the gradation (input gra-
dation) corresponding to the average source voltage is

Mar. 27,2014

matched in advance with the gradation (output gradation)
corresponding to the maximum correction value calculated in
the foregoing equation. The maximum correction value cal-
culation unit 214x provides the calculated maximum correc-
tion value to the position correction unit 217x.

[0109] Thecorrection position counter unit 216x specifies a
target horizontal scanning period (position) based on the
video data DAT(x) acquired from the video data input unit
211x and the horizontal synchronization signal HSYNC(x)
input from the tuner 40 and provides information regarding
the specified position to the position correction unit 217x.
[0110] The position correction unit 217x corrects the video
data DAT(x) corresponding to the target horizontal scanning
period based on the maximum correction value acquired from
the maximum correction value calculation unit 214x and the
information regarding the position acquired from the correc-
tion position counter unit 216x. Specifically, a correction
value AV(k) of the data signal S corresponding to a k-th
horizontal scanning period is calculated using the following
equation:

correction value AV(k)=AVpx(f—1)/n.

[0111] The position correction unit 217x adds the calcu-
lated correction value AV (k) to the potential of the data signal
S corresponding to the video data DAT(x). Accordingly, the
potential VsI' of the data signal S' after the correction can be
expressed as in an equation:

Vsl'=Vsl+AV(k)=Vsi+AVpx (k=1)/n.

[0112] Thecorrected data signal S'is input to the video data
output unit 218x. The video data output unit 218x supplies the
data signal S' to the first source driver SDx via a timing
controller (not illustrated) at a predetermined timing.

[0113] In the embodiment, as described above, when at
least the boundary portion between the first and second
regions is suitably corrected, continuous correction can be
realized in other regions. Thus, to simplify the process, the
LUT may also be used or a table such as a logarithmic table
assisting the calculation may be used together. Further, n may
be set as a numerical value (power-of-two or the like) easy in
the calculation and k may be corrected to be 1 collectively in
the scanning termination portion in conformity with the cor-
rection of n.

[0114] Here, since the effect of the adjacent data signal
lines SLb can be calculated numerically as in the data signal
lines SLa, both of the correction amounts may be deducted
and a correction amount may be determined. Therefore, each
correction amount may be calculated up to the final stage, or
afactor (-1 to 1) used to further correct the correction amount
may be calculated and multiplied in comparison to both of the
average source voltages. Further, when the parasitic capaci-
tance Csd in both of the data signal lines SLa and SLb is
changed, an LUT for calculation of the correction amount
may be prepared and the correction amount may be deducted
finally according to the change in the parasitic capacitance.
[0115] Inthis manner, itis possible to suppress the effect of
the change in the luminance indicating the relatively complex
behavior, to a minimum, with the least amount of resources.

Second Embodiment

[0116] A second embodiment of the invention will be
described below with reference to the drawings. To facilitate
the description, the same reference numerals are given to
members having the same functions as the members indicated
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in the foregoing first embodiment, and the description thereof
will be omitted. The terms defined in the first embodiment are
used also in the embodiment according to the definition, as
long as the terms are not particularly mentioned.

(Configuration of Liquid Crystal Display Device)

[0117] FIG. 2 is a block diagram illustrating a schematic
configuration of a television receiver. As illustrated in the
drawing, a television receiver 505 includes a tuner 40 and a
liquid crystal display device 104. The liquid crystal display
device 105 includes a liquid crystal panel 35 divided into first
and second regions, a first display control circuit 20x, a first
source driver SDx, a first gate driver GDx, a first Cs control
circuit 30x, a second display control circuit 20y, a second
source driver SDy, a second gate driver GDy, and a second Cs
control circuit 30y. The first display control circuit 20x, the
first source driver SDx, the first gate driver GDx, and the first
Cs control circuit 30x are used to drive the first region and the
second display control circuit 20y, the second source driver
SDy, the second gate driver GDy, and the second Cs control
circuit 30y are used to drive the second region.

(Configuration of Liquid Crystal Panel)

[0118] The liquid crystal panel 35 according to the second
embodiment has a so-called upper and lower division double
source configuration (a configuration in which four data sig-
nal lines are installed in the upper, lower, right, and left
portions per pixel column, for example, data signal lines
SLx(al), SLx(a2), SLy(al), and SLy(a2) are installed in a
pixel column o of FI1G. 11, and the four scanning signal lines
can simultaneously be selected) in which two data signal lines
are installed in correspondence with the upper half (the
upstream side of the panel; the first region) of one pixel
column and two data signal lines are installed in correspon-
dence with the lower half (the downstream side of the panel;
the second region) of the pixel column, and thus fourfold TFT
writing time can be allocated as to as to be suitable for an
ultra-high resolution panel or 4 times speed driving, com-
pared to a normal panel configuration. Hereinafter, a specific
description will be made.

[0119] FIG. 11 is an equivalent circuit diagram illustrating
a part of the liquid crystal panel 34 according to the second
embodiment. In the first region of the liquid crystal panel 35,
as illustrated in FIG. 11, data signal lines SL.x(al), SLx(a2),
SLx(b1), SLx(b2), SLx(c1), SLx(c2), SLx(dl), and SLx(d2)
are arranged to line up in this order, scanning signal lines
GLx(1), GLx(2), GLx(3), GLx(4), . . ., GLx(k-1), GLx(k), .
.., GLx(n-1), and GLx(n) extending in the row direction (the
right and left directions in the drawing) are arranged to line up
in this order, and holding capacitance wirings CSx(1), CSx
(2),CSx(3), CSx(4), . .., CSx(k-1),CSx(k), . . ., CSx(n-1),
and CSx(n) are arranged to line up in this order in correspon-
dence with the scanning signal lines, respectively. Here, k is
an even number equal to or greater than 2 and equal to or less
than n (2<k=n) and n is, for example, 540 (lines). For conve-
nience sake, GLx(k) and CSx(k) are omitted in FIG. 11 and
the subsequent drawings.

[0120] In the first region, a pixel Px(al) is installed in
correspondence with the intersection of the data signal lines
SLx(al) and SLx(a2) and the scanning signal line GLx(1), a
pixel Px(a2) is installed in correspondence with the intersec-
tion of the data signal lines SLx(al) and SLx(a2) and the
scanning signal line GLx(2), a pixel Px(an-1) is installed in
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correspondence with the intersection of the data signal lines
SLx(al) and SLx(a2) and the scanning signal line GLx(n-1),
and a pixel Px(an) is installed in correspondence with an
intersection of the data signal lines SLx(al) and SLx(a2) and
the scanning signal line GLx(n).

[0121] Likewise, a pixel Px(bl) is installed in correspon-
dence with the intersection of the data signal lines SLx(b1)
and SLx(b2) and the scanning signal line GLx(1), a pixel
Px(b2) is installed in correspondence with the intersection of
the data signal lines SLx(b1) and SLx(b2) and the scanning
signal line GLx(2), a pixel Px(bn-1) is installed in correspon-
dence with the intersection of the data signal lines SLx(b1)
and SLx(b2) and the scanning signal line GLx(n-1), and a
pixel Px(bn) is installed in correspondence with an intersec-
tion of the data signal lines SLx(b1) and SLx(b2) and the
scanning signal line GLx(n).

[0122] Here, the data signal lines SLx(al) and SLx(a2) are
installed in correspondence with the pixel column o (first
pixel column) including pixels Px(al) to Px(an), and the data
signal lines SLx(b1) and SLx(b2) are installed in correspon-
dence with a pixel column f (second pixel column) including
pixels Px(b1) to Px(bn).

[0123] One pixel electrode PDx is disposed for each pixel
Px. A pixel electrode PDx(al) of the pixel Px(al) is connected
to the data signal line SLx(al) via a transistor Tx(al) con-
nected to the scanning signal line GLx(1). A pixel electrode
PDx(a2) of the pixel Px(a2) is connected to the data signal
line SLx(a2) via a transistor Tx(a2) connected to the scanning
signal line GLx(2). A pixel electrode PDx(an-1) of the pixel
Px(an-1) is connected to the data signal line SLx(al) via a
transistor Tx(an-1) connected to the scanning signal line
GLx(n-1). A pixel electrode PDx(an) of the pixel Px(an) is
connected to the data signal line SLx(a2) via a transistor
Tx(an) connected to the scanning signal line GLx(n).

[0124] Likewise, a pixel electrode PDx(b1) of the pixel
Px(b1) is connected to the data signal line SLx(b1) via a
transistor Tx(b1) connected to the scanning signal line GLx
(1). A pixel electrode PDx(b2) of the pixel Px(b2) is con-
nected to the data signal line SLx(b2) via a transistor Tx(b2)
connected to the scanning signal line GLx(2). A pixel elec-
trode PDx(bn-1) of the pixel Px(bn-1) is connected to the
data signal line SLx(b1) via a transistor Tx(bn-1) connected
to the scanning signal line GLx(n-1). A pixel electrode PDx
(bn) of the pixel Px(bn) is connected to the data signal line
SLx(b2) via a transistor Tx(bn) connected to the scanning
signal line GLx(n).

[0125] That is, the data signal line SLx(a2) to which the
pixel electrodes (the pixel electrodes PDx(a2), PDx(a4), and
PDx(an)) of the even pixels (the pixels Px(a2), Px(a4), and
Px(an)) of the pixel column o are connected is adjacent to the
data signal line SLx(b1) to which the pixel electrodes (the
pixel electrodes PDx(b1), PDx(b3), and PDx(bn-1)) of the
odd pixels (the pixels Px(bl), Px(b3), and Px(bn-1)) of the
pixel column {3 are connected.

[0126] The scanning signal line GLx(1) corresponding to
the pixel electrode PDx(al) of the pixel Px(al) and the pixel
electrode PDx(b1) of the pixel Px(bl) is connected to the
scanning signal line GLx(2) corresponding to the pixel elec-
trode PDx(a2) of the pixel Px(a2) and the pixel electrode
PDx(b2) of the pixel Px(b2) inside or outside the panel, and
thus the scanning signal lines GLx(1) and GLx(2) are simul-
taneously selected. The scanning signal line GLx(3) corre-
sponding to the pixel electrode PDx(a3) of the pixel Px(a3)
and the pixel electrode PDx(b3) of the pixel Px(b3) is con-
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nected to the scanning signal line GLx(4) corresponding to
the pixel electrode PDx(a4) of the pixel Px(a4) and the pixel
electrode PDx(b4) of the pixel Px(b4) inside or outside the
panel, and thus the scanning signal lines GLx(3) and GLx(4)
are simultaneously selected. The scanning signal line GLx
(n-1) corresponding to the pixel electrode PDx(an-1) of the
pixel Px(an-1) and the pixel electrode PDx(bn-1) of the pixel
Px(bn-1) is connected to the scanning signal line GLx(n)
corresponding to the pixel electrode PDx(an) of the pixel
Px(an) and the pixel electrode PDx(bn) of the pixel Px(bn)
inside or outside the panel, and thus the scanning signal lines
GLx(n-1) and GLx(n) are simultaneously selected. Of
course, the scanning signal lines GLx(1) and GLx(2), the
scanning signal lines GLx(3) and GLx(4), and the scanning
signal lines GLx(n-1) and GLx(n) can be configured to be
simultaneously selected in a non-connection manner inside or
outside the panel.

[0127] On the other hand, in the second region, as illus-
tratedin F1G. 11, data signal lines SLy(a1), SLy(a2), SLy(b1),
SLy(b2), SLy(cl), SLy(c2), SLy(dl), and SLy(d2) are
arranged to line up in this order, scanning signal lines GLy(1),
GLy(2), GLy(3), GLy(4), . . . , GLy(k-1), GLy(k), . . .,
GLy(n-1), and GLy(n) extending in the row direction (the
right and left directions in the drawing) are arranged to line up
in this order, and holding capacitance wirings CSy(1), CSy
(2),CSy(3), CSy(4),. .., CSy(k-1),CSy(k), . . ., CSy(n-1),
and CSy(n) are arranged to line up in this order in correspon-
dence with the scanning signal lines, respectively. Here, k 1s
an even number equal to or greater than 2 and equal to or less
than n (2<k=n) and n is, for example, 540 (lines). For conve-
nience sake, GLy(k) and CSy(k) are omitted in FIG. 11 and
the subsequent drawings.

[0128] In the second region, a pixel Py(al) is installed in
correspondence with the intersection of the data signal lines
SLy(al) and SLy(a2) and the scanning signal line GLy(1), a
pixel Py(a2) is installed in correspondence with the intersec-
tion of the data signal lines SLy(al) and SLy(a2) and the
scanning signal line GLy(2), a pixel Py(an-1) is installed in
correspondence with the intersection of the data signal lines
SLy(al) and SLy(a2) and the scanning signal line GLy(n-1),
and a pixel Py(an) is installed in correspondence with an
intersection of the data signal lines SLy(al) and SLy(a2) and
the scanning signal line GLy(n).

[0129] Likewise, a pixel Py(b1) is installed in correspon-
dence with the intersection of the data signal lines SLy(b1)
and SLy(b2) and the scanning signal line GLy(1), a pixel
Py(b2) is installed in correspondence with the intersection of
the data signal lines SLy(b1) and SLy(b2) and the scanning
signal line GLy(2), a pixel Py(bn-1) is installed in correspon-
dence with the intersection of the data signal lines SLy(b1)
and SLy(b2) and the scanning signal line GLy(n-1), and a
pixel Py(bn) is installed in correspondence with an intersec-
tion of the data signal lines SLy(b1) and SLy(b2) and the
scanning signal line GLy(n).

[0130] Here, the data signal lines SLy(al) and SLy(a2) are
installed in correspondence with the pixel column a includ-
ing pixels Py(al) to Py(an), and the data signal lines SLy(b1)
and SLy(b2) are installed in correspondence with the pixel
column B including pixels Py(b1) to Py(bn).

[0131] One pixel electrode PDy is disposed for each pixel
Py. A pixel electrode PDy(al) of the pixel Py(al) is connected
to the data signal line SLy(al) via a transistor Ty(al) con-
nected to the scanning signal line GLy(1). A pixel electrode
PDy(a2) of the pixel Py(a2) is connected to the data signal
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line SLy(a2) via a transistor Ty(a2) connected to the scanning
signal line GLy(2). A pixel electrode PDy(an-1) of the pixel
Py(an-1) is connected to the data signal line SLy(al) via a
transistor Ty(an-1) connected to the scanning signal line
GLy(n-1). A pixel electrode PDy(an) of the pixel Py(an) is
connected to the data signal line SLy(a2) via a transistor
Ty(an) connected to the scanning signal line GLy(n).

[0132] Likewise, a pixel electrode PDy(b1) of the pixel
Py(b1) is connected to the data signal line SLy(bl) via a
transistor Ty(b1) connected to the scanning signal line GLy
(1). A pixel electrode PDy(b2) of the pixel Py(b2) is con-
nected to the data signal line SLy(b2) via a transistor Ty(b2)
connected to the scanning signal line GLy(2). A pixel elec-
trode PDy(bn-1) of the pixel Py(bn-1) is connected to the
data signal line SLy(b1) via a transistor Ty(bn-1) connected
to the scanning signal line GLy(n-1). A pixel electrode PDy
(bn) of the pixel Py(bn) is connected to the data signal line
SLy(b2) via a transistor Ty(bn) connected to the scanning
signal line GLy(n).

[0133] That is, the data signal line SLy(a2) to which the
pixel electrodes (the pixel electrodes PDy(a2), PDy(a4), and
PDy(an)) of the even pixels (the pixels Py(a2), Py(a4), and
Py(an)) of the pixel column o are connected is adjacent to the
data signal line SLy(b1) to which the pixel electrodes (the
pixel electrodes PDy(b1), PDy(b3), and PDy(bn-1)) of the
odd pixels (the pixels Py(bl), Py(b3), and Py(bn-1)) of the
pixel column 3 are connected.

[0134] The scanning signal line GLy(1) corresponding to
the pixel electrode PDy(al) of the pixel Py(al) and the pixel
electrode PDy(b1) of the pixel Py(bl) is connected to the
scanning signal line GLy(2) corresponding to the pixel elec-
trode PDy(a2) of the pixel Py(a2) and the pixel electrode
PDy(b2) of the pixel Py(b2) inside or outside the panel, and
thus the scanning signal lines GLy(1) and GLy(2) are simul-
taneously selected. The scanning signal line GLy(3) corre-
sponding to the pixel electrode PDy(a3) of the pixel Py(a3)
and the pixel electrode PDy(b3) of the pixel Py(b3) is con-
nected to the scanning signal line GLy(4) corresponding to
the pixel electrode PDy(a4) of the pixel Py(a4) and the pixel
electrode PDy(b4) of the pixel Py(b4) inside or outside the
panel, and thus the scanning signal lines GLy(3) and GLy(4)
are simultaneously selected. The scanning signal line GLy(n-
1) corresponding to the pixel electrode PDy(an-1) of the
pixel Py(an-1) and the pixel electrode PDy(bn-1) of the pixel
Py(bn-1) is connected to the scanning signal line GLy(n)
corresponding to the pixel electrode PDy(an) of the pixel
Py(an) and the pixel electrode PDy(bn) of the pixel Py(bn)
inside or outside the panel, and thus the scanning signal lines
GLy(n-1) and GLy(n) are simultaneously selected. Of
course, the scanning signal lines GLy(1) and GLy(2), the
scanning signal lines GLy(3) and GLy(4), and the scanning
signal lines GLy(n-1) and GLy(n) can be configured to be
simultaneously selected in a non-connection manner inside or
outside the panel.

[0135] The scanning direction in the first region is identical
to the scanning direction in the second region, and the firstand
second regions are arranged to be lined up in this order in the
scanning direction. In FIG. 11, the scanning is assumed to be
performed from the upper side (upstream side) to the lower
side (downstream side) of the sheet surface. That is, the scan-
ning signal lines GLx(1), GLx(2), GLx(3), GLx(4), . . .,
GLx(n-1), GLx(n), GLy(1), GLy(2), GLy(3), GLy(4), . . .,
GLy(n-1), and GLy(n) are selected in this order.
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(Screen Division Scheme)

[0136] Here, a writing operation in the liquid crystal dis-
play device 105 is the same as the writing operation in the
liquid crystal display device 10a illustrated in F1G. 4(3). That
is, after the first half Ax of the first frame A is written to the
first region, the second half Ay of the first frame A is written
to the second region. Here, after the first half Bx of the second
frame B is written to the first region so as to temporally
overlap the write period of the second half Ay of the frame A,
the second half By of the second frame B is written to the
second region. Then, after the first half Cx of the third frame
C is written to the first region so as to temporally overlap the
write period of the second half By of the frame B, the second
half Cy of the third frame C is written to the second region.
[0137] Asintheliquid crystal display device 10a, the liquid
crystal display device 10 may have, as a configuration for
another write operation, a configuration in which the first half
Bx of the frame B and the second half Ay of the frame A are
written to the first and second regions, respectively, at the
same timing, as illustrated in FIG. 4(c¢).

(V Inversion Driving Scheme)

[0138] Here, the liquid crystal display device 105 is driven
according to the V inversion driving scheme. First, a method
of driving the liquid crystal display device will be described
when correction of the data signal S is not performed. F1G. 12
is a timing chart illustrating a method (normally black mode)
of driving a liquid crystal panel when a correction process is
not performed. S1 indicates a data signal supplied to the data
signal line SL(al), S2 indicates a data signal supplied to the
data signal line SL(a2), and GSP indicates a gate start pulse.
G(1), G(2), G(3), G(4), . . ., G(n-1), and G(n) indicate gate
signals (scanning signals) supplied to the scanning signal
lines GL(1), GL.(2), GL(3), GL(4), . . ., GL(n=1), and GL(n),
respectively. VP(1), VP(2), VP(3), VP(4), .. ., VP(n-1), and
VP(n) indicate the potentials (pixel potentials) of the pixel
electrodes PD(al), PD(a2), PD(a3), PD(ad), . . . , PD(an-1),
and PD(an), respectively.

[0139] In the driving method, as illustrated in FIG. 12, two
scanning signal lines of the first region and two scanning
signal lines of the second region, i.e., a total of four scanning
signal lines, are simultaneously selected and the polarities of
the data signals supplied to the data signal lines SL are
inverted for each vertical scanning period (1 V). For the same
horizontal scanning period (H), while the data signals with
opposite polarities are supplied to two data signal lines (for
example, the data signal lines SLx(al) and SLx(a2) or the
data signal lines SLx(b1) and SLx(b2)) corresponding to the
same pixel column, the data signals with the same polarity are
supplied to two adjacent data signal lines (for example, the
data signal lines SLx(a2) and SLx(b1)) (1 V inversion driv-
ing). For convenience sake, a white solid image will be exem-
plified as an image to be displayed. Further, the polarities of
the data signals supplied to the data signal lines SL. may be
inverted for each vertical scanning period (1 V). For the same
horizontal scanning period (H), while the data signals with
the same polarity may be supplied to two data signal lines (for
example, the data signal lines SLx(al) and SLx(a2) or the
data signal lines SLx(b1) and SLx(b2)) corresponding to the
same pixel column, the data signals with the opposite polari-
ties may be configured to be supplied to two adjacent data
signal lines (for example, the data signal lines SLx(a2) and
SLx(b1)) (1 V inversion driving).
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[0140] Specifically, in first-half frames Fix ofa frame F1 (a
first-half frame Fix and a second-half frame F1y) to a frame
F4 (a first half-frame F4x and a second-half frame F4y) which
are arbitrarily consecutive, the data signal line SLx(al) and
the data signal line SLx(b2) are supplied with the data signals
with the positive polarity for the first horizontal scanning
period (including the scanning periods of the scanning signal
lines GLx(1) and GLx(2)), are also supplied with the data
signals with the positive polarity for the second horizontal
scanning period (including the scanning periods of the scan-
ning signal lines GLx(3) and GLx(4)), and are also supplied
with the data signals with the positive polarity for an n/2-th
horizontal scanning period (including the scanning periods of
the scanning signal lines GLx(n-1) and GLx(n)). The data
signal lines SLx(a2) and SLx(b1) are supplied with the data
signals with the negative polarity for the first horizontal scan-
ning period (including the scanning periods of the scanning
signal lines GLx(1) and GLx(2)), are also supplied with the
data signals with the negative polarity for the second horizon-
tal scanning period (including the scanning periods of the
scanning signal lines GLx(3) and GLx(4)), and are also sup-
plied with the data signal with the negative polarity for the
n/2-th horizontal scanning period (including the scanning
periods of the scanning signal lines GLx(n-1) and GLx(n)).
Then, the pulse of the gate signal Gx(1) and the pulse of the
gate signal Gx(2) rise simultaneously at the start of the first
horizontal scanning period, the pulse of the gate signal Gx(3)
and the pulse of the gate signal Gx(4) rise simultaneously at
the start of the second horizontal scanning period, and the
pulse of the gate signal Gx(n-1) and the pulse of the gate
signal Gx(n) rise simultaneously at the start of the n/2-th
horizontal scanning period.

[0141] In the second-half frame F1ly, the data signal lines
SLy(al) and SLy(b2) are supplied with the data signals with
the positive polarity for the first horizontal scanning period
(including the scanning periods of the scanning signal lines
GLy(1) and GLy(2)), are also supplied with the data signals
with the positive polarity for the second horizontal scanning
period (including the scanning periods of the scanning signal
lines GLy(3) and GLy(4)), and are also supplied with the data
signals with the positive polarity for the n/2-th horizontal
scanning period (including the scanning periods of the scan-
ning signallines GLy(n-1) and GLy(n)). The data signal lines
SLy(a2) and SLy(b1) are supplied with the data signals with
the negative polarity for the first horizontal scanning period
(including the scanning periods of the scanning signal lines
GLy(1) and GLy(2)), are also supplied with the data signals
with the negative polarity for the second horizontal scanning
period (including the scanning periods of the scanning signal
lines GLy(3) and GLy(4)), and are also supplied with the data
signal with the negative polarity for the n/2-th horizontal
scanning period (including the scanning periods of the scan-
ning signal lines GLy(n-1) and GLy(n)). Then, the pulse of
the gate signal Gy(1) and the pulse of the gate signal Gy(2)
rise simultaneously at the start of the first horizontal scanning
period, the pulse of the gate signal Gy(3) and the pulse of the
gate signal Gv(4) rise simultaneously at the start of the second
horizontal scanning period, and the pulse of the gate signal
Gy(n-1) and the pulse of the gate signal Gy(n) rise simulta-
neously at the start of the n/2-th second horizontal scanning
period.

[0142] Accordingly, as illustrated in FIG. 13, the positive
polarity is written to the pixel electrodes PDx(al) and PDy
(al), the negative polarity is written to the pixel electrodes
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PDx(a2) and PDy(a2), the positive polarity is written to the
pixel electrodes PDx(a3) and PDy(a3), and the negative
polarity is written to the pixel electrodes PDx(a4) and PDy
(a4). The positive polarity is written to the pixel electrodes
PDx(b1) and PDy(b1), the negative polarity is written to the
pixel electrodes PDx(b2) and PDy(b2), the positive polarity is
written to the pixel electrodes PDx(b3) and PDy(b3), and the
negative polarity is written to the pixel electrodes PDx(b4)
and PDy(b4).

[0143] In the first-half frame F2x of the frame F2 subse-
quent to the first-half frame Fix of the frame F1, the polarity
of the data signal supplied to the data signal line SLx(al) is
inverted from the positive polarity to the negative polarity and
the polarity of the data signal supplied to the data signal line
SLx(a2) is inverted from the negative polarity to the positive
polarity. In the second-half frame F2y of the frame F2 subse-
quent to the second-half frame Fly of the frame F1, the
polarity of the data signal supplied to the data signal line
SLy(al) is inverted from the positive polarity to the negative
polarity and the polarity of the data signal supplied to the data
signal line SLy(a2) is inverted from the negative polarity to
the positive polarity.

[0144] Accordingly, the negative polarity is written to the
pixel electrodes PDx(al) and PDy(al), the positive polarity is
written to the pixel electrodes PDx(a2) and PDy(a2), the
negative polarity is written to the pixel electrodes PDx(a3)
and PDy(a3), and the positive polarity is written to the pixel
electrodes PDx(a4) and PDy(a4). The positive polarity is
written to the pixel electrodes PDx(b1) and PDy(bl), the
negative polarity is written to the pixel electrodes PDx(b2)
and PDy(b2), the positive polarity is written to the pixel
electrodes PDx(b3) and PDy(b3), and the negative polarity is
written to the pixel electrodes PDx(b4) and PDy(b4).

[0145] According to the driving method illustrated in FIG.
12, for example, the potential VPx(n-1) of the pixel electrode
PDx(n-1) in a floating state after the writing of the first-half
frame Fix deteriorates (is pushed down) due to the parasitic
capacitance Csd of the data signal line SLx(al) by AVp from
the potential Vsl of the data signal S (the data signal S with the
positive polarity corresponding to white) written in the first-
half frame Fix at the switching timing of the polarity of the
data signal S1 from the positive polarity to the negative polar-
ity (the absolute value of the pixel potential VPx(n-1) (=Vsl-
AVp) with reference to Vcom<the absolute value of the data
signal potential Vsl with reference to Vcom). Further, the
potential VPx(n) of the pixel electrode PDx(n) in the floating
state after the writing of the first-half frame Fix deteriorates
(is pushed up) due to the parasitic capacitance Csd of the data
signal line SLx(a2) by AVp from the potential Vsl of the data
signal S (the data signal S with the negative polarity corre-
sponding to white) written in the first-half frame Fix at the
switching timing of the polarity of the data signal S2 from the
negative polarity to the positive polarity (the absolute value of
the pixel potential VPx(n) (=Vsl-AVp) with reference to
Veom<the absolute value of the data signal potential Vsl with
reference to Vcom).

[0146] Accordingly, the pixel potentials VPx(n-1) and VPx
(n) are “Vsl-AVp” across a (n/2-1) horizontal scanning
period in the pixel electrodes PDx(an-1) and PDx(an) located
at scanning termination end portions of the first region. On the
other hand, pixel potentials VPy(1) and VPy(2) areheld at Vsl
across an n horizontal scanning period in the pixel electrodes
PDy(al) and PDy(a2) located at scanning start end portions
of the second region and adjacent to the scanning termination
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end portions of the first region (the pixel electrodes PDx(an-
1) and PDx(an)). Therefore, a difference in luminance corre-
sponding to the maximum AVpx(n/2-1) occurs in the bound-
ary portion between the first and second regions per each
frame period.

[0147] Here, for convenience sake, an effect of a parasitic
capacitance formed with a data signal line (another data sig-
nal line) not electrically connected to the pixel electrodes
between two data signal lines disposed left and right is
ignored. The effect of the parasitic capacitance will be
described later.

(Correction of Change in Luminance)

[0148] The liquid crystal display device 105 has a configu-
ration in which the change in the luminance is corrected
(reduced). Hereinafter, a configuration for reducing the
change in the luminance will be described. In the liquid
crystal display device 104, the potentials of the data signals
S1 and S2 corresponding to the input video data DAT are
corrected to reduce the change in the luminance and corrected
data signals S1'and S2' are supplied to the data signal lines
SL. The correction of the data signals S1 and S2 is performed
at least in the first region. Hereinafter, a case in which the
correction is performed in both of the first and second regions
are corrected will be described. Since the correction is con-
figured to be corrected in the first and second regions in the
same way, the correction of the first region will be described
below.

[0149] A method of correcting the data signals S will be
described with reference to FIGS. 14 and 15. FIG. 14 is a
timing chart illustrating a driving method corresponding to
pixel electrodes PDx(k-1) and PDx(k) (where k is an even
number of “2<k=n”) when the data signals S are not cor-
rected. FIG. 15 is a timing chart illustrating a driving method
corresponding to the pixel electrodes PDx(k-1) and PDx(k)
when the data signals S1 and S2 are corrected. S1 indicates
data signals supplied to the data signal lines SLx(al), SLx
(b1), and SLx(c1), and so on. S2 indicates data signals sup-
plied to the data signal lines SLx(a2), SLx(b2), and SLx(c2),
and so on. S1'indicates corrected data signals supplied to the
data signal lines SLx(al), SLx(b1), and SLx(c1), and so on.
S2'indicates corrected data signals supplied to the data signal
lines SLx(a2), SLx(b2), and SLx(c2), and so on. Gx(1) and
Gx(2) indicate gate signals supplied to the scanning signal
lines GLx(1) and GLx(2) simultaneously selected for the first
horizontal scanning period. Gx(k-1) and Gx (k) indicate gate
signals supplied to the scanning signal lines GLx(k-1) and
GLx(k) simultaneously selected for a k/2-th horizontal scan-
ning period. Vpx(k-1) indicates the potential of the pixel
electrode PDx(k-1) and Vpx(k) indicates the potential of the
pixel electrode PDx(k).

[0150] A decrease amount of the potential in the pixel elec-
trodes PDx(k-1) and PDx(k) is assumed to be AVp. In the
case of FIG. 14, an integrated potential Vp(sum) for one
frame period is a value obtained by adding an integrated
potential for a period after writing of Vsl and an integrated
potential for a decrease period of the potential:
the integrated potential for the period after the
writing=Vsix(n/2-(k/2-1));

the integrated potential for a decrease period of poten-
tial=(Vsl-AVp)x(k/2-1); and
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Vo (sum)=Vsix(n/2-(k2-1)+(Vsl-AVp)x (k2-1)=Vslx
n2-AVpx(k/2-1).

[0151] From the above equation, it can be understood that
the integrated potential Vp(sum) for one frame period is
decreased by “AVpx(k/2-1)” from the integrated potential
(Vsl x 1/2) for the original one frame period. Due to the
decrease amount, an image is viewed as the gradation image
illustrated in FIG. 29.

[0152] Accordingly, in the liquid crystal display device 105
according to the embodiment, the potential decrease amount
(AVpx(k/2-1)) for one frame period is converted (averaged)
into a potential decrease amount AV(k) per horizontal scan-
ning period, and the converted value is added to the potential
of the data signal S for each horizontal scanning period in a
subsequent frame. AV (k) can be expressed as in the following
equation:

AVE=AVpx(k2-1)x2/n.

Inaddition, the potentials Vsl of the data signals S1 and S2 are
corrected to potentials Vsl'(k) of the data signals S1' and S2'
expressed as follows:

Vsl (k)=VsI+AVIE)=Vsi+AVpx (k/2-1)x2/n.

[0153] In the case of FIG. 15, the integrated potential
Vp(sum) of one frame period is expressed as follows:

the integrated potential for the period after the writ-
ing=(Vsi+AVEk)x(n/2-(k/2-1)),

the integrated potential for the decrease period of the
potential=(Vsl+AVk-AVp)x (k/2-1), and

Fp(sum)=(VsHA VU x (12— (k72— 1))+ Vs 1A k)~
AVp)x(k/2-1).

[0154] According to the foregoing equation, it can be
understood that the integrated potential Vp(sum) for one
frame period is the same as the integrated potential “Vsl x
n/2” for the original one frame period. Therefore, by correct-
ing the data signals S1 and S2 to S1'and 82", the luminance for
one frame period can be averaged.

[0155] A potential amount added to the potential of the data
signal of the current frame is calculated based on the potential
decrease amount (AVp) of the data signal of the previous
frame (immediately previous frame). However, since the
immediately previous frame is used, reliability of the display
quality does not deteriorate.

[0156] FIG. 16 is a timing chart illustrating a method of
driving the liquid crystal display device 105 and correspond-
ing to FIG. 15. In FIG. 16, a dotted line shown in the potential
VP ofeach pixel electrode PD indicates the original potentials
Vsland -Vsl of the data signal. As illustrated in FIG. 16, the
potentials of the data signals S1' and S2' supplied to the data
signal lines are increased from the scanning start end portion
to the scanning termination end portion. Thus, the decrease
amount of the potential after the writing to the pixel electrode
PD is compensated. That is, in the pixel electrodes PD(n-1)
and PD(n) which are the termination portions in the scanning
direction, the decrease amount of the potential for one frame
period is the maximum. Therefore, the potentials of the data
signals written to the pixel electrodes PDx(n-1), PDx(n),
PDy(n-1), and PDy(n) for the n/2-th horizontal scanning
period is also the maximum.

[0157] According to the foregoing driving method, since
the average display luminance for one frame period can be set
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to be the same in the respective pixels in the first and second
regions, the display image illustrated in FIG. 28(a) can be
displayed.

[0158] Thus, in the liquid crystal display device 105, the
change in the luminance occurring between the first and sec-
ond regions can be reduced by correcting the potential of the
data signal supplied to the data signal line SLx according to a
distance from the scanning start end portion. Further, to
reduce the change in the luminance occurring in the boundary
portion between the first and second regions, the foregoing
correction process (the foregoing driving method) may be
performed at least in the first region, as in the liquid crystal
display device 10a of the first embodiment. When the fore-
going correction process is performed only in the first region,
a display image illustrated in FIG. 7 can be obtained. In the
display image in FIG. 7, the change in the luminance is
continuous in the scanning direction in the second region.
Therefore, since the change in the luminance can be sup-
pressed even in the case of F1G. 28(5), the display quality is
not considerably affected at a visual level.

[0159] Further, since the potentials of the data signals can
simultaneously be written to two pixels adjacent in the col-
umn direction in the liquid crystal display device 1054, a
screen rewrite speed can be increased, and thus a charging
time of each pixel can be increased.

[0160] Here, ineach pixel electrode, a parasitic capacitance
is also formed between the pixel electrode and a data signal
line (the other data signal line) which is not electrically con-
nected between two data signal lines disposed right and left.
For example, in the pixel electrode PDx(a3), a parasitic
capacitance is also formed between the pixel electrode and
the data signal line SLx(a2) which is not electrically con-
nected. Accordingly, since each pixel electrode is affected by
the parasitic capacitance occurring between the pixel elec-
trode and the other data signal line, a variation amount of
potential of the data signal is preferably calculated consider-
ing (subtracting) two parasitic capacitances occurring
between the pixel electrode and two adjacent data signal lines
(one data signal line and the other data signal line). Here, for
example, when the effect of the parasitic capacitance occur-
ring between a pixel electrode and the other data signal line
(data signal line SLx(a2)) is greater than the effect of the
parasitic capacitance occurring between the pixel electrode
and the one data signal line (data signal line SLx(al)), the
integrated potential for one frame period is higher than the
original integrated potential (Vslxn) in some cases. Specifi-
cally, for example, a case in which black data is supplied to
one data signal line and white data (with polarity opposite to
that of the black data) is supplied to the other data signal line
will be assumed. In this case, since the effect of a variation in
the potential caused by the one data signal line is greater than
the effect of a variation in the potential by the other data signal
line, as illustrated in FIG. 8 in the first embodiment, the
potential of the data signal is corrected in each frame such that
the potential is decreased (approaches the center potential)
continuously from the original potential from the frame start
time point to the frame end time point. Accordingly, the
change in the luminance occurring in the boundary portion
between the first and second regions can be suppressed. In
this case, when n (where n is aninteger equal to or greater than
1) scanning signal lines are installed in the first region, the
potential of the data signal corresponding to a video signal
input from the outside is assumed to be Vsl, and the potential
amount of the potential of the pixel electrode increased by
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inverting the polarity of the data signal is AVph, a correction
potential VsI'(k) of the data signal supplied to each data signal
line in the first region for a k-th (where k is an integer equal to
or greater than 1 and equal to or less than n) horizontal
scanning period is expressed as in:

Vsl(k)=Vsl-AVphx(k2-1)x2/n.

(Configuration of Data Correction Circuit)

[0161] Next, a configuration of the liquid crystal display
device 105 performing the foregoing correction process (the
foregoing driving method) will be described.

[0162] The first display control circuit 20x (see FIG. 2) of
the liquid crystal display device 1056 includes a data correc-
tion circuit 21x that corrects the video data DAT(x) and the
second display control circuit 20y (see FIG. 2) includes a data
correction circuit 21y that corrects the video data DAT(y).
The data correction circuits 21x and 21y have the same con-
figuration. The liquid crystal display device 105 includes only
the data correction circuit 21x in a configuration in which the
foregoing correction process is performed only in the first
region and includes both of the data correction circuits 21x
and 21y in a configuration in which the foregoing correction
process is performed in both of the first and second regions. In
the configuration in which the foregoing correction process is
performed in both of the first and second regions, one data
correction circuit may be installed outside the first display
control circuit 20x and the second display control circuit 20y.
[0163] The specific configuration of the data correction
circuit 21x is the same as that of the data correction circuit 21x
of the first embodiment illustrated in FIG. 9. Hereinafter,
differences from the data correction circuit 21x according to
the first embodiment will be described.

[0164] The average voltage calculation unit 212x performs
a process of updating the average source voltage by integrat-
ing data (source voltages) corresponding to one frame. The
average voltage calculation unit 212x discards the old data
when new data is integrated. When the new data is read using
a line memory for each data signal line and the integration is
repeated while discarding the old data, data becomes more
accurate. However, since a frame memory is necessary to do
$0, it is not preferable to do so. Accordingly, in the embodi-
ment, for example, when Vk (where k=1 to n) is input, the
current average source voltage is discarded as in “sum(Vk)
<—sum (Vk-1)+Vk-sum(Vk-1)x2/n”” Accordingly, a time
lag occurs between the true average source voltage and the
calculated value. However, when 500 pieces of data are inte-
grated during one frame, there is not so much difference as an
average value in a video stable although about 100 pieces of
data are delayed. In a video in which a motion is large to the
degree that this has an effect, the problem of the change in the
luminance is not actualized.

[0165] Based on the average source voltage acquired from
the average voltage calculation unit 212x, the maximum cor-
rection value calculation unit 214x calculates the maximum
correction amount (maximum correction value) in one frame,
referring to the second LUT 215x. Here, as illustrated in FIG.
12 and FIG. 14, the polarities of the data signals S immedi-
ately after the writing of the potential Vsl of the data signal are
switched in the pixel electrodes PDx(n-1) and PDx(n) which
are the termination portions in the scanning direction, and
thus the pixel potentials VPx(n-1) and VPx(n) are decreased
by “Vsl-AVp” from Vsl. Since the decreased pixel potential
VPx(n) (=Vsl-AVp) is held only for a (n/2-1) horizontal
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scanning period from the first horizontal scanning period to
the (n/2-1)-th horizontal scanning period, the maximum cot-
rection value corresponding to one frame is calculated as
“AVpx(n/2-1).” That i3, in the pixel electrodes PDx(k-1) and
PDx(k), the maximum correction value corresponding to one
frame is calculated as “AVpx(k/2-1).

[0166] The decrease amount AVp of the pixel potential can
be calculated in advance based on characteristics or the like of
the liquid crystal panel such as gradation of the source voltage
and the parasitic capacitance Csd. The decrease amount AVp
can also be calculated using a frame memory based on the
average source voltage of the immediately previous frame or
a frame before the immediately previous frame and the
decreased pixel potential.

[0167] In the second LUT 215x, the gradation (input gra-
dation) corresponding to the average source voltage can be
matched in advance with the gradation (output gradation)
corresponding to the maximum correction value calculated in
the foregoing equation. The maximum correction value cal-
culation unit 214x provides the calculated maximum correc-
tion value to the position correction unit 217x.

[0168] Thecorrection position counter unit 216x specifies a
target horizontal scanning period (position) based on the
video data DAT(x) acquired from the video data input unit
211x and the horizontal synchronization signal HSYNC(x)
input from the tuner 40 and provides information regarding
the specified position to the position correction unit 217x.
[0169] The position correction unit 217x corrects the video
data DAT(x) corresponding to the target horizontal scanning
period based on the maximum correction value acquired from
the maximum correction value calculation unit 214x and the
information regarding the position acquired from the correc-
tion position counter unit 216x. Specifically, a correction
value AV(k) of the data signal S corresponding to a k/2-th
horizontal scanning period is calculated using the following
equation:

correction value AV(k)=AVpx(k/2-1)x2/n.

[0170] The position correction unit 217x adds the calcu-
lated correction value AV (k) to the potential of the data signal
S corresponding to the video data DAT(x). Accordingly, the
potential VsI' of the data signal S' after the correction can be
expressed as in an equation:

Vsl'=Vsl+AV(K)=Vsi+AVox (k/2-1)x2/n.

[0171] The foregoing corrected data signal S'is input to the
video data output unit 218x. The video data output unit 218x
supplies the data signal S' to the first source driver SDx via a
timing controller (not illustrated) at a predetermined timing.
[0172] In the embodiment, as described above, when at
least the boundary portion between the first and second
regions is suitably corrected, continuous correction can be
realized in other regions. Thus, to simplify the process, the
LUT may also be used or a table such as a logarithmic table
assisting the calculation may be used together. Further, n may
be set as a numerical value (power-of-two or the like) easy in
the calculation and k may be corrected to be 1 collectively in
the scanning termination portion in conformity with the cor-
rection of n.

[0173] Here, since the effect of the adjacent data signal
lines SL.x(a2) can be calculated numerically as in the data
signal lines SLx(al), both of the correction amounts may be
deducted and a correction amount may be determined. There-
fore, each correction amount may be calculated up to the final
stage, or a factor (-1 to 1) used to further correct the correc-
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tion amount may be calculated and multiplied in comparison
to both of the average source voltages. Further, when the
parasitic capacitance Csd in both of the data signal lines
SLx(al) and SLx(a2) is changed, an LUT for calculation of
the correction amount may be prepared and the correction
amount may be deducted finally according to the change in
the parasitic capacitance.

[0174] Inthis manner, it is possible to suppress the effect of
the change in the luminance indicating the relatively complex
behavior, to a minimum, with the least amount of resources.

Third Embodiment

[0175] A third embodiment of the invention will be
described below with reference to the drawings. To facilitate
the description, the same reference numerals are given to
members having the same functions as the members indicated
in the foregoing first and second embodiments, and the
description thereof will be omitted. The terms defined in the
first and second embodiments are used also in the embodi-
ment according to the definition, as long as the terms are
particularly rejected.

[0176] The resolution of a current high-definition televi-
sion (HDTV) broadcast is horizontal 1920 pixelsxvertical
1080 pixels (so-called 2K1K; hereinafter, this resolution is
also referred to as a full-HD resolution). Video standards of
four times resolution (so-called 4K2K) and 16 times resolu-
tion (so-called 8K4K; a kind of super high-vision (SHV)) of
the full-HD resolution have been proposed.

[0177]  Aliquid crystal display device 10c¢ according to the
embodiment corresponds to the video standard (for example,
a super high-vision of the resolution of horizontal 7680 pix-
elsxvertical 4320 pixels) of a resolution (8K4K) of 16 times
the full-HD resolution. As illustrated in FIG. 17, the liquid
crystal display device 10c includes an input processing circuit
IPC, a pixel mapping circuit PMC, four display control sub-
strates (timing controller substrates) DC1 to DC4, a liquid
crystal panel 3¢, four gate drivers GD1 to GD4, two source
drivers SD1 and SD2, four CS drivers CD1 to CD4, three
power devices (not illustrated) connected to different com-
mercial power supplies, a power controller (not illustrated), a
backlight BL, a backlight driver BLD, and a backlight con-
troller BLC.

[0178] A video signal input to the input processing circuit
IPC may be a video signal (for example, a super high-vision)
having the 8K4K resolution of a block scan format or may be
a video signal having an 8K4K resolution of a multi-display
format. Of course, the video signal may be a video signal
having a 4K2K resolution or may be a video signal having a
2K 1K resolution (full-HD resolution).

[0179] The block scan format is a scheme of dividing one
frame (a whole image having the 8K4K resolution) into 16
whole images (so-called thinned images) of a rough texture
(of the full-HD resolution) and transmitting the images. In
this case, each of 16 video signals Qal to Qal6 input to the
input processing circuit IPC becomes a whole image (full-HD
resolution) of a rough texture.

[0180] The multi-display format is a scheme of dividing
one frame (a whole image having the 8K4K resolution) into
16 partial images without change in fineness of a texture and
transmitting the 16 partial images. In this case, each of 16
video signals Qal to Qal6 input to the input processing
circuit IPC becomes a partial image (full-HD resolution) of a
fine texture.
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[0181] The input processing circuit IPC performs a video
data synchronization process of, a 7 correction process, a
color temperature correction process, a color gamut conver-
sion process, or the like and outputs video signals Qb1 to
Qb16 to the pixel mapping circuit PMC.

[0182] Here, the display control substrate DC1 includes
two video processing circuits EP1 and EP2 and two timing
controllers TC1 and TC2. The display control substrate DC2
includes two video processing circuits EP3 and EP4 and two
timing controllers TC3 and TC4. The display control sub-
strate DC3 includes two video processing circuits EPS and
EP6 and two timing controllers TC5 and TC6. The display
control substrate DC4 includes two video processing circuits
EP7 and EP8 and two timing controllers TC7 and TC8. The
video processing circuits EP1 to EP4 correspond to the data
correction circuit 21x in FIG. 2 in the first and second embodi-
ments. The video processing circuits EPS to EPS correspond
to the data correction circuit 21y in FIG. 2 in the first and
second embodiments. Specific configurations of the data cor-
rection circuits 21x and 21y are the same in the first and
second embodiments (see FIG. 9).

[0183] The pixel mapping circuit PMC divides a video
signal (resolution of 2K2K) corresponding to a left half AR1
of a first region (an upper left region when the liquid crystal
panel 3¢ is divided into four regions vertically and horizon-
tally) into two signals (video signals Qcl and Qc2 of the
full-HD resolution) and outputs the two signals to the video
processing circuit EP1 of the display control substrate DC1;
divides a video signal (resolution of 2K2K) corresponding to
a right half AR2 of the first region into two signals (video
signals Qc3 and Qc4 of the full-HD resolution) and outputs
the two signals to the video processing circuit EP2 of the
display control substrate DC1; divides a video signal (reso-
lution of 2K2K) corresponding to a left half AR3 of a second
region (an upper right region when the liquid crystal panel 3¢
is divided into four regions vertically and horizontally) into
two signals (video signals Qc5 and Qc6 of the full-HD reso-
lution) and outputs the two signals to the video processing
circuit EP3 of the display control substrate DC2; divides a
video signal (resolution of 2K2K) corresponding to a right
half AR4 of the second region into two signals (video signals
Qc7 and Qc8 of the full-HD resolution) and outputs the two
signals to the video processing circuit EP4 of the display
control substrate DC2; divides a video signal (resolution of
2K2K) corresponding to a left half ARS of a third region (a
lower left region when the liquid crystal panel 3¢ is divided
into four regions vertically and horizontally) into two signals
(video signals Qc9 and Qc10 of the full-HD resolution) and
outputs the two signals to the video processing circuit EP5 of
the display control substrate DC3; divides a video signal
(resolution of 2K2K) corresponding to a right half AR6 of the
third region into two signals (video signals Qcl11 and Qc12 of
the full-HD resolution) and outputs the two signals to the
video processing circuit EP6 of the display control substrate
DC3; divides a video signal (resolution of 2K 2K) correspond-
ing to a left half AR7 of a fourth region (a lower right region
when the liquid crystal panel 3¢ is divided into four regions
vertically and horizontally) into two signals (video signals
Qc13 and Qc14 of the full-HD resolution) and outputs the two
signals to the video processing circuit EP7 of the display
control substrate DC4; and divides a video signal (resolution
of 2K2K) corresponding to a right half AR of the fourth
region into two signals (video signals Qc15 and Qc16 of the
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full-HD resolution) and outputs the two signals to the video
processing circuit EP8 of the display control substrate DC4.

[0184] The pixel mapping circuit PMC outputs synchroni-
zation signal SYS (a vertical synchronization signal, a hori-
zontal synchronization signal, a clock signal, a data enable
signal, a polarity inversion signal, or the like) to the timing
controller TC1 of the display control substrate DC1. The
timing controller TC1 receiving the synchronization signal
SYS transmits the synchronization signal SYS to an inter-
substrate sharing line SSL connected to the display control
substrates DC1 to DCA4.

[0185] The timing controller TC1 receives the synchroni-
zation signal SYS received from the pixel mapping circuit
PMC and performs video processing such as a gray-scale
conversion process or a frame rate conversion (FRC) process
on the video signals Qcl and Qc2 in cooperation with the
video processing circuit EP1. Thereafter, the timing control-
ler TC1 outputs a source control signal SC1 to a source driver
substrate (not illustrated) corresponding to the AR 1, outputs a
gate control signal GC1 to a gate driver substrate (not illus-
trated) of the gate driver GD1, and outputs a CS control signal
CCl1 to the CS driver CD1.

[0186] The timing controller TC2 receives the synchroni-
zation signal SYS transmitted from the timing controller TC1
via the inter-substrate sharing line SSL and performs the
video processing on the video signals Qc3 and Qc4 in coop-
eration with the video processing circuit EP2. Thereafter, the
timing controller TC2 outputs a source control signal SC2 to
asource driver substrate (not illustrated) corresponding to the
AR2.

[0187] The timing controller TC3 receives the synchroni-
zation signal SYS transmitted from the timing controller TC1
via the inter-substrate sharing line SSL and performs the
video processing on the video signals Qc5 and Qc6 in coop-
eration with the video processing circuit EP3. Thereafter, the
timing controller TC3 outputs a source control signal SC3 to
asource driver substrate (not illustrated) corresponding to the
AR3.

[0188] The timing controller TC4 receives the synchroni-
zation signal SYS transmitted from the timing controller TC1
via the inter-substrate sharing line SSL and performs the
video processing on the video signals Qc7 and Qc8 in coop-
eration with the video processing circuit EP4. Thereafter, the
timing controller TC4 outputs a source control signal SC4 to
asource driver substrate (not illustrated) corresponding to the
AR4, outputs a gate control signal GC2 to a gate driver
substrate (not illustrated) of the gate driver GD2, and outputs
a CS control signal CC2 to the CS driver CD2.

[0189] The timing controller TCS receives the synchroni-
zation signal SYS transmitted from the timing controller TC1
via the inter-substrate sharing line SSL and performs the
video processing on the video signals Qc9 and Qc10 in coop-
eration with the video processing circuit EP5. Thereafter, the
timing controller TCS outputs a source control signal SC5 to
asource driver substrate (not illustrated) corresponding to the
ARS, outputs a gate control signal GC3 to a gate driver
substrate (not illustrated) of the gate driver GD3, and outputs
a CS control signal CC3 to the CS driver CD3.

[0190] The timing controller TC6 receives the synchroni-
zation signal SYS transmitted from the timing controller TC1
via the inter-substrate sharing line SSL and performs the
video processing on the video signals Qcll and Qcl2 in
cooperation with the video processing circuit EP6. Thereaf-
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ter, the timing controller TC6 outputs a source control signal
SC6 to a source driver substrate (not illustrated) correspond-
ing to the ARG.

[0191] The timing controller TC7 receives the synchroni-
zation signal SYS transmitted from the timing controller TC1
via the inter-substrate sharing line SSL and performs the
video processing on the video signals Qcl13 and Qcl4 in
cooperation with the video processing circuit EP7. Thereaf-
ter, the timing controller TC7 outputs a source control signal
SC7 to a source driver substrate (not illustrated) correspond-
ing to the AR7.

[0192] The timing controller TC8 receives the synchroni-
zation signal SYS transmitted from the timing controller TC1
via the inter-substrate sharing line SSL and performs the
video processing on the video signals Qcl5 and Qcl6 in
cooperation with the video processing circuit EP8. Thereaf-
ter, the timing controller TC8 outputs a source control signal
SC8 to a source driver substrate (not illustrated) correspond-
ing to the ARS8, outputs a gate control signal GC4 to a gate
driver substrate (not illustrated) of the gate driver GD4, and
outputs a CS control signal CC4 to the CS driver CD4.

[0193] The source control signals SC1 to SC8 include a
data signal, a data enable signal (DE signal), a source start
pulse, and a source clock. The gate control signals GC1 to
GC4 includes an initial signal, a gate start pulse, and a gate
clock.

[0194] Here, the gray-scale conversion process may
include a high-speed display process (QS process) and a
gray-scale correction process (the correction process of the
second embodiment) corresponding to a combination of the
screen division driving (upper and lower division driving ) and
the 1 V inversion driving of the data signal lines and per-
formed according to a pixel position (position in the column
direction).

[0195] In the foregoing FRC process, each video process-
ing circuit may calculate a motion vector using any one (a
whole image of a rough texture which has the full-HD reso-
lution) of the 16 video signals Qal to Qal6 and may generate
a partial image (full-HD resolution) for interpolation using
one corresponding video signal (a partial image of a fine
texture which has the full-HD resolution) among the video
signals Qcl to Qcl6.

[0196] When an HDMI (high-definition multimedia inter-
face registered trademark) of 12-bit transmission is used at
the time of the input of the video signals Qc1 to Qcl 6, an error
may occur in that the DE signal (of 1920 lines) may extend
before one clock (corresponding to one line) and have 1921
lines. Therefore, the width of the DE signal may be monitored
and an error correction process of starting the DE signal by
delaying one clock may be performed when the DE signal has
1921 lines.

[0197] Thedisplay control substrates DC1 to DC4 synchro-
nize mutual operations by exchanging or sharing various
signals between the substrates. Specifically, the display con-
trol substrate DC1 serving as a master transmits an RDY
(preparation completion) signal to the display control sub-
strate DC2 serving as a slave. The display control substrate
DC2 receiving the RDY signal transmits the RDY signal to
the display control substrate DC3 serving as a slave as soon as
the preparation is completed. The display control substrate
DC3 receiving the RDY signal transmits the RDY signal to
the display control substrate DC4 serving as a slave as soon as
the preparation is completed. The display control substrate
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DC4 receiving the RDY signal transmits the RDY signal to
the display control substrate DC1 as soon as the preparation is
completed.

[0198] The display control substrate DC1 receives the
returned RDY signal and concurrently transmits an operation
start (SRST) signal to the display control substrates DC2 to
DC4 via the inter-substrate sharing line SSL. After the opera-
tion start (SRST) signal is transmitted, the timing controller
TC1 of the display control substrate DC1 concurrently trans-
mits the synchronization signal SYS received from the pixel
mapping circuit PMC to the display control substrates DC1 to
DC4 (the timing controllers TC2 to TCS8 included in the
display control substrates DC1 to DC4) via the inter-substrate
sharing line SSL.

[0199] When an abnormality occurs in one control sub-
strate during the operation of the display control substrates
DC1 to DC4, a fail-safe signal transmitted from the display
control substrate in which the abnormality occurs is received
by all of the other display control substrates, and thus all of the
control display substrates instantly enter a self-state (black
display) mode. Accordingly, video breakdown is avoided.
[0200] In each of the display control substrates DC1 to
DC4, various kinds of driving powers are individually gener-
ated and lines supplied with the same kind (the same potential
or the same phase) of driving power are connected between
the display control substrates via a current-limit circuit. By
doing this, adjustment of the same kind of driving power is
achieved and an overcurrent can be prevented from flowing in
various drivers or display control substrate due to, for
example, a deviation in a rise timing between the substrates.
[0201] Theliquid crystal panel 3¢ includes an active matrix
substrate, a liquid crystal layer (not illustrated), and a counter
substrate (not illustrated). A plurality of pixel electrodes (not
illustrated), a plurality of TFTs (thin film transistors not illus-
trated), scanning signal lines Ga to Gd extending the row
direction (which is a direction along the longer side of the
panel), aplurality of data signal lines Sa to Sd extending in the
column direction, holding capacitance wirings (CS wirings)
CSa to CSd extending in the row direction, and inter-CS
wirings Ma to Mh extending in the column direction are
installed in the active matrix substrate. A common electrode
(not illustrated), a color filter, and a back matrix (not illus-
trated) are installed in the counter substrate.

[0202] Theliquid crystal panel 3¢ has a so-called upper and
lower division double source configuration (a configuration
in which four data signal lines are installed near one pixel
column and four scanning signal lines can simultaneously be
selected) in which two data signal lines are installed in cor-
respondence with the upper half (the first region and the
upstream side of the panel) of one pixel column and two data
signal lines are installed in correspondence with the lower
half (the second region and the downstream side of the panel)
of the pixel column. The liquid crystal panel 3¢ has a con-
figuration suitable for ultra-high definition display or high-
speed display such as 4 times speed driving in that a 4-fold
writing time can be ensured compared to a normal panel
configuration. Further, in the liquid crystal panel 3¢, a so-
called multi-pixel scheme in which at least two pixel elec-
trodes are formed in one pixel is used and viewing angle
characteristics can be improved due to a bright region and a
dark region formed within one pixel.

[0203] For example, as illustrated in FIGS. 17 to 24, scan-
ning signal lines Ga and Gb and holding capacitance wirings
CSa and CSb are installed in the upper half (upstream side) of
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the panel, and scanning signal lines G¢ and Gd and holding
capacitance wirings CSc and CSd are installed in the lower
half (downstream side) of the panel. The upper half (upstream
side) of one pixel column a includes two pixels Pa and Pb
adjacent to each other in the column direction and the lower
half (downstream side) of the pixel column o includes two
pixels Pc and Pd adjacent to each other in the column direc-
tion. The data signal lines Sa and Sb are installed in corre-
spondence with the upper half (upstream side) of the pixel
column o and the data signal lines Sc and Sd are installed in
correspondence with the lower half (downstream side) of the
pixel column a.

[0204] Oftwo pixel electrodes 17A and 17¢ included in the
pixel Pa, a transistor (TFT) 12A connected to the pixel elec-
trode 17A and a transistor 12a connected to the pixel elec-
trode 17a are connected to the data signal line Sa and the
scanning signal line Ga, respectively, the pixel electrode 17A
forms a holding capacitance wiring CSn and a holding
capacitor CA, and the pixel electrode 17a forms the holding
capacitance wiring CSa and a holding capacitor Ca. Of two
pixel electrodes 17B and 176 included in the pixel Pb, a
transistor 12B connected to the pixel electrode 17B and a
transistor 126 connected to the pixel electrode 175 are con-
nected to the data signal lines Sb and the scanning signal line
Gb, respectively, the pixel electrode 17B forms the holding
capacitance wiring CSa and a holding capacitor CB, and the
pixel electrode 175 forms the holding capacitance wiring CSb
and a holding capacitor Ch. Of two pixel electrodes 17C and
17¢ included in the pixel Pc, a transistor 12C connected to the
pixel electrode 17C and a transistor 12¢ connected to the pixel
electrode 17¢ are connected to the data signal line Sc and the
scanning signal line Gc, respectively, the pixel electrode 17C
forms the holding capacitance wiring CSm and a holding
capacitor CC, and the pixel electrode 17¢ forms the holding
capacitance wiring CSc and a holding capacitor Cc. Of two
pixel electrodes 17D and 17d included in the pixel Pd, a
transistor 12D connected to the pixel electrode 17D and a
transistor 12d connected to the pixel electrode 17d are con-
nected to the data signal line Sd and the scanning signal line
Gd, respectively, the pixel electrode 17D forms the holding
capacitance wiring CSc and a holding capacitor CD, and the
pixel electrode 17d forms the holding capacitance wiring CSd
and a holding capacitor Cd. Thus, the four scanning signal
lines Ga to Gd are simultaneously selected.

[0205] Inthe pixel column o, the signal lines Sa and Sc are
arranged to line up in the column direction at the left end and
the data signal lines Sb and Sd are arranged to line up in the
column direction at the right end. In the pixel column {3
adjacent to the pixel column «, the data signal lines SA and
SC are arranged to line up in the column direction at the left
end and the data signal lines SB and SD are arranged to line up
in the column direction at the right end.

[0206] Inthe pixel column 3, two pixel electrodes included
in a pixel adjacent to the pixel electrode Pa are connected to
the data signal SB via different transistors, two pixel elec-
trodes included in a pixel adjacent to the pixel electrode Pb are
connected to the data signal line SA via different transistors,
two pixel electrodes included in a pixel adjacent to the pixel
electrode Pc are connected to the data signal line SD via
different transistors, and two pixel electrodes included in a
pixel adjacent to the pixel electrode Pd are connected to the
data signal line SC via different transistors.

[0207] A configuration near the boundary between the
upper half (first region) and the lower half (second region) is



US 2014/0085279 A1l

illustrated in FIG. 19. That is, of two pixel electrodes 17x and
17x included in a pixel Px located in the bottom (scanning
termination end portion) of the first region, a transistor 12x
connected to the pixel electrode 17x and a transistor 12x
connected to the pixel electrode 17x are connected to the data
signal line Sb and the scanning signal line Gm, respectively,
the pixel electrode 17x forms a holding capacitance wiring
CSiand aholding capacitor CX, the pixel electrode 17x forms
a holding capacitance wiring CSm and a holding capacitor
Cx, and the pixel Pc is located in the top (scanning start end
portion) of the second region.

[0208] The number of data signal lines installed in the
upper half of the panel is at least “7680 (pixels)x3 (primary
colors)x2 (double source)=46080,” the number of scanning
signal lines installed in the upper half of the panel is at least
2160, the number ofholding capacitance wirings installed in
the upper half of the panel is at least 2160, the number of data
signal lines installed in the lower half of the panel is at least
46080, the number of scanning signal lines installed in the
lower half of the panel is at least 2160, and the number of
holding capacitance wirings installed in the lower half of the
panel is at least 2160.

[0209] Theinter-CS wiring Ma and the inter-CS wiring Mb
are installed in proximity to one of two end sides of the upper
half of the active matrix substrate and are each driven by the
CS driver CD1 so as to have different phases. The inter-CS
wiring Mc and the inter-CS wiring Md are installed in prox-
imity to the other of the two end sides of the upper half of the
active matrix substrate and are each driven by the CS driver
CD2 50 as to have different phases. The inter-CS wiring Me
and the inter-CS wiring Mf are installed in proximity to one of
two end sides of the lower half of the active matrix substrate
and are each driven by the CS driver CD3 so as to have
different phases. The inter-CS wiring Mg and the inter-CS
wiring Mh are installed in proximity to the other of the two
end sides of the lower half of the active matrix substrate and
are each driven by the CS driver CD4 so as to have different
phases. Further, one holding capacitance wiring is connected
to two inter-CS wirings disposed on both side thereof and
modulation (pulse) signals with the same phases are supplied
from the two inter-CS wirings to the one holding capacitance
wiring. By doing this, it is possible to suppress a variation (a
change in the degree of signal dullness due to a position in the
row direction) in dullness of a signal caused due to CR (time
constant) of the holding capacitance wiring.

[0210] For example, the holding capacitance wiring CSa is
connected to the inter-CS wirings Ma and Mc, the holding
capacitance wiring CSh is connected to the inter-CS wirings
Mb and Md, the holding capacitance wiring CSc is connected
to the inter-CS wirings Me and Mg, and the holding capaci-
tance wiring CSd is connected to the inter-CS wirings Mfand
Mh. Accordingly, for example, when the potentials of the
inter-CS wirings Ma and Mb are controlled so that the phases
thereof are opposite, the potentials of the holding capacitance
wirings CSa and CSb also have the opposite phases. Of the
two pixel electrodes 17B and 175 in the pixel Pb, the pixel
electrode 17B forms the holding capacitance wiring CSa and
the holding capacitor CB and the pixel electrode 175 forms
the holding capacitance wiring CSb and the holding capacitor
Cb. Thus, after the same signal potential is written to the pixel
electrodes 17B and 175, for example, the effective potential
of the pixel electrode 17B is shifted in a direction in which the
effective potential is close to the center potential, while the
effective potential of the pixel electrode 175 is shifted in a
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direction in which the effective potential is distant from the
center potential (accordingly, a dark region corresponding to
the pixel electrode 17B and a bright region corresponding to
the pixel electrode 175 are formed within one pixel).

[0211] The polarity of a data signal supplied to one data
signal line is inverted for each vertical scanning period (1V),
and during the same vertical scanning period, the polarities of
the data signals supplied to one and the other of two data
signal lines installed in correspondence with one pixel col-
umn are opposite to each other. By doing this, while each data
signal line is 1 V-inverted (that is, a polarity inversion period
is lengthened and power consumption is reduced), a polarity
distribution of the pixels within the screen is dot-inverted
(accordingly, it is possible to suppress flicker caused in a
pulling voltage occurring when a transistor is turned OFF).

[0212] A method of driving the portions of the liquid crystal
panel illustrated in FIGS. 18 and 19 is illustrated in the timing
chart of FIG. 20 and the schematic diagrams of FIGS. 21 and
24. As illustrated in FIG. 20, positive potentials of the data
signals are supplied to the data signal lines Sa, SA, Sc, and SC
during one vertical scanning period and negative potentials of
the data signals are supplied to the data signal lines Sb, SB,
Sd, and SD during one vertical scanning period.

[0213] Simultaneous scanning of the scanning signal lines
Ga and Gb starts at time t0 and simultaneous scanning of the
scanning signal lines Ga to Gd ends at a time t1, 1 H (vertical
scanning period) after the time t0. Accordingly, the positive
potentials of the data signals are written to the pixel electrodes
17A and 17a, the positive potentials of the data signals are
written to the pixel electrodes 17C and 17¢, and the negative
potentials of the data signals are written to the pixel electrodes
17D and 17d.

[0214] At atime t2, 1 H after t1, the potential level of the
holding capacitance wiring CSn is shifted toward an L, (Low)
side by a modulation signal transmitted from the inter-CS
wiring Mn, the potential of the pixel electrode 17A is accord-
ingly pushed down, the effective potential up to subsequent
scanning becomes lower than the potential (+) of the written
data signal (a dark region is formed). Further, at the time t2,
the potential level of the holding capacitance wiring CSa is
shifted toward an H (High) side by modulation signals trans-
mitted from the CS drivers CD1 and CD?2 via the inter-CS
wirings Ma and Mc, the potential of the pixel electrode 17a is
accordingly pushed up, and the effective potential up to the
subsequent scanning becomes higher than the potential (+) of
the written data signal (a bright region is formed). At the time
2, (because the potential level of the holding capacitance
wiring CSa is shifted toward the H side), the potential of the
pixel electrode 17B is pushed up and the effective potential up
to the subsequent scanning becomes higher than the potential
(-) of the written data signal (the dark region is formed).

[0215] At the time t2, the potential level of the holding
capacitance wiring CSm is shifted toward the L (Low) side by
a modulation signal transmitted from the inter-CS wiring
Mm, the potential of the pixel electrode 17C is accordingly
pushed down, the effective potential up to the subsequent
scanning becomes lower than the potential (+) of the written
data signal (the dark region is formed). Further, at the time t2,
the potential level of the holding capacitance wiring CSc is
shifted toward the H (High) side by modulation signals trans-
mitted from the CS drivers CD3 and CD4 via the inter-CS
wirings Me and Mg, the potential of the pixel electrode 17¢ is
accordingly pushed up, and the effective potential up to the
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subsequent scanning becomes higher than the potential (+) of
the written data signal (the bright region is formed).

[0216] Atatime t3 after 2 H from the time t2, the potential
level of the holding capacitance wiring CSb is shifted toward
the L (Low) side by modulation signals transmitted from the
CS drivers CD1 and CD2 via the inter-CS wirings Mb and
Md, the potential of the pixel electrode 175 is accordingly
pushed down, the effective potential up to subsequent scan-
ning becomes lower than the potential (-) of the written data
signal (the bright region is formed).

[0217] Then, when the scanning of the pixel Px located in
the bottom (scanning termination end portion) of the first
region ends at a time t4, the negative potential of the data
signal is written to the pixel electrodes 17x and 17x. At the
time t4, since the potential level of the holding capacitance
wiring CSm is shifted toward the L (Low) side by the modu-
lation signal transmitted from the inter-CS wiring Mm, the
potential of the pixel electrode 17x is pushed down and the
effective potential up to subsequent scanning becomes lower
than the potential (=) of the written data signal (a bright region
is formed).

[0218] Here, as a gray-scale correction process according
to a pixel position (a position in the column direction), the
corrected data signals S1' and S2' described in the foregoing
second embodiment are supplied to each pixel electrode.
Accordingly, it is possible to suppress a change in luminance
occurring in the boundary portion between the first and sec-
ond regions in the liquid crystal display device 10c.

[0219] When it is assumed that the scanning signal line Ga
is an M-th line counted from the upper longer side of the panel
and the scanning signal line Gb is an M+1-th line, the scan-
ning signal line Ge is an M+2160-th line counted from the
upper long side and the scanning signal line Gd is an
M+2161-th line. When the data signal of the M-th line of an
N-th frame is written to the scanning signal line Ga installed
in the upperhalfofthe panel, the data signal of the M+2160-th
line of an N-1-th frame which is an immediately previous
frame is written to the scanning signal line Ge installed in the
lower half of the panel. By doing this, the sense of display
deviation between the upperand lower portions of the panel is
suppressed.

[0220] The gate driver GDI includes a plurality of gate
driver chips I that are installed along one of two shorter sides
of the upper half of the liquid crystal panel 3¢ and are
arranged in the column direction. The gate driver GD2
includes a plurality of gate driver chips I that are installed
along the other of two shorter sides of the upper half of the
liquid crystal panel 3¢ and are arranged in the column direc-
tion. The gate driver GD3 includes a plurality of gate driver
chips I that are installed along one of two shorter sides of the
lower halfof the liquid crystal panel 3¢ and are arranged in the
column direction. The vertical driver GD4 includes a plurality
of gate driver chips I that are installed along the other of two
shorter sides of the lower half of the liquid crystal panel 3¢
and are arranged in the column direction. The respective
scanning signal lines installed in the upper half of the panel
are driven by the gate drivers GD1 and GD2 and the respec-
tive scanning signal lines installed in the lower half of the
panel are driven by the gate drivers GD3 and GD4. That is,
one scanning signal line is connected to two gate drivers
disposed on both side thereof and the scanning (pulse) signals
with the same phase are supplied from the two gate drivers to
the one scanning signal line. By doing this, it is possible to
suppress a variation (a change in the degree of signal dullness
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due to a position in the row direction) in dullness of a signal
caused due to CR (time constant) of the scanning signal line.
[0221] The source driver SD1 includes 48 source driver
chips J (the number of output terminals of one source driver
chip is 960) which are installed along one longer side of the
upper halfof'the liquid crystal panel 3¢ and are arranged in the
row direction and 4 source driver substrates (not illustrated)
(12 source driver chips J are mounted on one source driver
substrate). On the other hand, the source driver SD2 includes
48 source driver chips I (the number of output terminals of
one source driver chip is 960) which are installed along one
longer side of the lower half of the liquid crystal panel 3¢ and
are arranged in the row direction and 4 source driver sub-
strates (not illustrated) (12 source driver chips J are mounted
on one source driver substrate). The respective data signal
lines installed in the upper half of the panel are driven by the
source driver SD1 and the respective data signal lines
installed in the lower half of the panel are driven by the source
driver SD2. For example, the data signal line Sa is driven by
the source driver SD1 and the data signal line Sc is driven by
the source driver SD2. When the source driver chips J may not
be arranged along the longer side of the panel due to a space,
the source driver chips may also be arranged on a shorter side
of the panel in which there is a room for a space (the source
driver chips J and the gate driver chips I are arranged in the
column direction). In this case, relay lines connecting the data
signal lines to the source terminals of the shorter side of the
panel may be provided on the side of the counter substrate or
may be provided in portions other than source layers (layers
in which source and drain electrodes of the transistors are
formed) of the active matrix substrate, that is, in lower layers
(gate layers) of the gate insulation films or layers between the
source layers and ITO layers (layers in which the pixel elec-
trodes are formed).

[0222] The backlight controller BLC receives a video sig-
nal QBL output from the pixel mapping circuit PMC and
outputs a backlight control signal to the backlight driver BD,
and then the backlight BL is driven by the backlight driver
BD. Further, the backlight BL is divided into a plurality of
portions and the luminance of each portion is individually
adjusted according to the video signal QBL (active back-
light).

[0223] The power controller monitors a supply power level
of a commercial power supply connected to each of three
power circuits. When abnormality (a decrease in the supply
power level) occurs in one commercial power supply or a
plurality of commercial power supplies due to any cause,
power lines (for example, 3 systems for R, B, and G) to the
backlight BL, and power lines (for example, 1 system) to the
display control substrates DC1 to DC4 are connected to one
normal commercial power supply or a plurality of normal
commercial power supplies, and an abnormality occurrence
signal is output to the backlight controller BLC. The back-
light controller BLC receiving the abnormality occurrence
signal outputs a control signal configured to lower the upper
limit of the luminance of the backlight BL to the backlight
driver BD. Accordingly, it is possible to avoid the breakdown
or the like of the display control substrates DC1 to DC4
caused due to unexpected abnormality in the commercial
power supply.

[0224] When the three power circuits are not necessary due
to power saving or the like of the liquid crystal display device
and only one power circuit connected to a commercial power
supply can be configured to be installed, the power controller
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monitors the supply power level of the one commercial power
supply. When abnormality (a decrease in the supply power
level) occurs in the commercial power supply due to any
cause, the power controller can output an abnormality occut-
rence signal to the backlight controller BLC (the backlight
controller BLC receiving the abnormality occurrence signal
can output a control signal configured to decrease the upper
limit of the luminance of the backlight BL to the backlight
driver BD).

[0225] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that at least in the first region, the potential of the data signal
supplied to each data signal line is corrected so that display
luminance of a scanning termination end portion of the first
region is substantially the same as display luminance of a
scanning start end portion of the second region.

[0226] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that at least in the first region, the potential of the data signal
supplied to each data signal line is corrected so that a correc-
tion amount of the potential of the data signal continuously
increases from a frame start time point to a frame end time
point in each frame.

[0227] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that the potential of the data signal is not corrected in the
scanning start end portions of the first and second regions.
[0228] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that when n (where n is an integer equal to or greater than 1)
scanning signal lines are installed in the first region and Vsl is
assumed to be the potential of the data signal corresponding to
a video signal input from an outside, a corrected potential
Vsl'(k) (where k is an integer equal to or greater than 1 or
equal to and less than n) of the data signal supplied to each
data signal line of the first region for a k-th horizontal scan-
ning period is expressed as in

Vsl (k)=Vsl+AVpx(k=1)/n, o)

when a potential of a pixel electrode is decreased by AVp by
polarity inversion of the data signal, and

Vsl (R)=Vsi-AVphx(k-1), (i)

when the potential of the pixel electrode is increased by AVph
by the polarity inversion of the data signal.

[0229] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that the data signals with polarities opposite to each other are
supplied to two adjacent data signal lines for the same hori-
zontal scanning period.

[0230] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that each of first and second pixel columns adjacent to each
other includes the plurality of pixels, and two data signal lines
of the first region and two data signal lines of the second
region are installed in correspondence with each of the first
and second pixel columns; each pixel includes one or more
pixel electrodes; m (where m is an integer equal to or greater
than 1) scanning signal lines are simultaneously selected; in
the first and second pixel columns, the data signal line to
which one pixel electrode included in one of two consecutive
pixels is connected via a transistor differs from the data signal
line to which one pixel electrode included in the other of the
two consecutive pixels is connected via a transistor; and the
transistor via which the one pixel electrode included in the
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one of the two consecutive pixels is connected and the tran-
sistor via which the other pixel electrode included in the other
of the two consecutive pixels is connected are each connected
to the simultaneously selected m scanning signal lines.

[0231] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that when n (where n is an integer equal to or greater than 1)
scanning signal lines are installed in the first region and Vsl is
assumedto be the potential of the data signal corresponding to
a video signal input from an outside, a corrected potential
Vsl'(k) (where k is an even number equal to or greater than 2
or equal to and less than n) of the data signal supplied to each
data signal line of the first region for a k/2-th horizontal
scanning period is expressed as in

Vsl'(k)y=Vsl+AVpx(k/2-1)x2/n, (1)

when a potential of a pixel electrode is decreased by AVp by
polarity inversion of the data signal, and

Vsl (k)y=Vsl-AVphx(k/2-1)x2/n, (i)

when the potential of the pixel electrode is increased by AVph
by the polarity inversion of the data signal.

[0232] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that the potential of the data signal is corrected based on a
potential amount obtained by adding a potential amount
decreased by inverting the polarity of the data signal supplied
to one data signal line between two data signal lines corre-
sponding to one pixel column and a potential amount
decreased by inverting the polarity of the data signal supplied
to the other data signal line.

[0233] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that in the first and second regions, the data signals with the
polarities opposite to each other are supplied to two data
signal lines corresponding to one pixel column for the same
horizontal scanning period.

[0234] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that a plurality of pixel electrodes installed in one pixel are
each connected to the same scanning signal line and form
capacitance with different holding capacitance wirings, and a
holding capacitance wiring signal in which a potential level is
shifted periodically is supplied to each holding capacitance
wiring.

[0235] The liquid crystal display device according to an
embodiment of the present invention may be configured such
that the plurality of pixel electrodes installed on one pixel are
each connected to the same data signal line.

[0236] A television receiver of the invention includes any
one of the liquid crystal display devices described above and
a tuner unit that receives a television broadcast.

[0237] Thepresent invention is not limited to the respective
embodiments described above, but may be modified in vari-
ous ways within the scope of the claims. Embodiments
obtained by appropriately combining technical means dis-
closed in the different embodiments are included in the tech-
nical scope of the present invention.

INDUSTRIAL APPLICABILITY

[0238] The present invention is suitable for, for example, a
liquid crystal television.
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REFERENCE SIGNS LIST

[0239] 10a. 105, 10¢ liquid crystal display device (display
device)

[0240] 3a, 35, 3¢ liquid crystal panel (display unit)

[0241] 50a. 505 television receiver

[0242] 20x first display control circuit

[0243] 20y second display control circuit

[0244] SDx first source driver

[0245] SDy second source driver

[0246] GDx first gate driver

[0247] GDy second gate driver

[0248] 30x first Cs control circuit

[0249] 30y second Cs control circuit

[0250] 40 tuner

[0251] SLx, SLy data signal line

[0252] GLx, GLy scanning signal line

[0253] CSx, CSy holding capacitance wiring

[0254] Px, Py pixel

[0255] PDx, PDy pixel electrode

[0256] Tx, Ty transistor

[0257] ¢, B pixel column

[0258] 21x, 21y data correction circuit

[0259] 211x video data input unit

[0260] 212x average voltage calculation unit

[0261] 213x first LUT

[0262] 214x maximum correction value calculation unit

[0263] 215x second LUT

[0264] 216x correction position counter unit

[0265] 217x position correction unit

[0266] 218x video data output unit

[0267] EP1to EP4video processing circuit (data correction
circuit)

[0268] EP5to EP8video processing circuit (data correction
circuit)

1. A liquid crystal display device in which data signal lines,
scanning signal lines, and pixels are formed in each of first
and second regions installed in a display unit and in which a
part of a current frame is written to the first region and the
remainder of the current frame is written to the second region,
wherein a data signal with polarity inverted for each verti-
cal scanning period or every plurality of vertical scan-
ning periods is supplied to each data signal line,

wherein a scanning direction in the first region is identical
to a scanning direction in the second region and the first
and second regions are arranged to line up in this orderin
the scanning direction, and

wherein at least in the first region, a potential of the data

signal supplied to each data signal line is corrected
according to a distance from a scanning start end por-
tion.

2. The liquid crystal display device according to claim 1,
wherein at least in the first region, the potential of the data
signal supplied to each data signal line is corrected so that
display luminance of a scanning termination end portion of
the first region is substantially the same as display luminance
of a scanning start end portion of the second region.

3. The liquid crystal display device according to claim 1,
wherein at least in the first region, the potential of the data
signal supplied to each data signal line is corrected so that a
correction amount of the potential of the data signal continu-
ously increases from a frame start time point to a frame end
time point in each frame.
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4. The liquid crystal display device according to claim 1,
wherein the potential of the data signal is not corrected in the
scanning start end portions of the first and second regions.

5. The liquid crystal display device according to claim 1,
wherein when n (where n is an integer equal to or greater than
1) scanning signal lines are installed in the first region and Vsl
is assumed to be the potential of the data signal corresponding
to a video signal input from an outside, a corrected potential
Vsl'(k) (where k is an integer equal to or greater than 1 or
equal to and less than n) of the data signal supplied to each
data signal line of the first region for a k-th horizontal scan-
ning period is expressed as in

Vs (k)=Vsl AVpx(k=1)/n, ®

when a potential of a pixel electrode is decreased by AVp by
polarity inversion of the data signal, and

Vsl ()=Vsl-AVphx(k-1), (i)

when the potential of the pixel electrode is increased by AVph
by the polarity inversion of the data signal.
6. The liquid crystal display device according to claim 1,
wherein the data signals with polarities opposite to each other
are supplied to two adjacent data signal lines for the same
horizontal scanning period.
7. The liquid crystal display device according to claim 1,
wherein each of first and second pixel columns adjacent to
each other includes the plurality of pixels, and two data
signal lines of the first region and two data signal lines of
the second region are installed in correspondence with
each of the first and second pixel columns,
wherein each pixel includes one or more pixel electrodes,
wherein m (where m is an integer equal to or greater than 1)
scanning signal lines are simultaneously selected,

wherein in the first and second pixel columns, the data
signal line to which one pixel electrode included in one
of two consecutive pixels is connected via a transistor
differs from the data signal line to which one pixel
electrode included in the other of the two consecutive
pixels is connected via a transistor, and

wherein the transistor via which the one pixel electrode

included in the one of the two consecutive pixels is
connected and the transistor via which the other pixel
electrode included in the other of the two consecutive
pixels is connected are each connected to the simulta-
neously selected m scanning signal lines.

8. The liquid crystal display device according to claim 7,
wherein when n (where n is an integer equal to or greater than
1) scanning signal lines are installed in the first region and Vsl
is assumed to be the potential of the data signal corresponding
to a video signal input from an outside, a corrected potential
Vsl'(k) (where k is an even number equal to or greater than 2
or equal to and less than n) of the data signal supplied to each
data signal line of the first region for a k/2-th horizontal
scanning period is expressed as in

Vsl (k)y=Vsl+AVpx (k/2-1)x2/n, (i)

when a potential of a pixel electrode is decreased by AVp by
polarity inversion of the data signal, and

Vsl (k)=VsI-AVphx(k/2-1)x2/n, (ii)

when the potential of the pixel electrode is increased by AVph
by the polarity inversion of the data signal.

9. The liquid crystal display device according to claim 7,
wherein the potential of the data signal is corrected based on
a potential amount obtained by adding a potential amount
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decreased by inverting the polarity of the data signal supplied
to one data signal line between two data signal lines corre-
sponding to one pixel column and a potential amount
decreased by inverting the polarity of the data signal supplied
to the other data signal line.

10. The liquid crystal display device according to claim 7,
wherein in the first and second regions, the data signals with
the polarities opposite to each other are supplied to two data
signal lines corresponding to one pixel column for the same
horizontal scanning period.

11. The liquid crystal display device according to claim 1,
wherein a plurality of pixel electrodes installed in one pixel
are each connected to the same scanning signal line and form
capacitance with different holding capacitance wirings, and a
holding capacitance wiring signal in which a potential level is
shifted periodically is supplied to each holding capacitance
wiring.

12. The liquid crystal display device according to claim 11,
wherein the plurality of pixel electrodes installed on one pixel
are each connected to the same data signal line.

13. A method of driving a liquid crystal display device in
which data signal lines, scanning signal lines, and pixels are
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formed in each of first and second regions installed in a
display unit and in which a part of a current frame is written
to the first region through scanning in the first region of the
current frame and the remainder of the current frame is writ-
ten to the second region through scanning in the second
region of the current frame, the method comprising:

supplving a data signal with polarity inverted for each
vertical scanning period or every plurality of vertical
scanning periods to each data signal line;

allowing a scanning direction in the first region to be iden-
tical to a scanning direction in the second region and
arranging the first and second regions to line up in this
order in the scanning direction; and

correcting a potential of the data signal supplied to each
data signal line at least in the first region according to a
distance from a scanning start end portion.

14. A television receiver comprising:

the liquid crystal display device according to claim 1; and

a tuner unit that receives a television broadcast.
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