DESCRIPTION

LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liguid crystal
display device, and particularly to a liguid crystal display

device which has excellent viewing angle characteristics.

BACKGROUND ART

(002} Recently, vertical alignment mode (VA mode) liquid
crystal display devices and transverse electric field mode
liguid crystal display devices (including IPS mode devices
and FES mode devices) are used as liguid crystal display
devices for TV applications and the like. Note that the
transverse electric field mode is sometimes referred to as
“IPS mode”.

[0003] Of the above device types, the VA mode liguid
crystal display device exhibits a large viewing angle

dependence of the vy characteristic as compared with the IPS

mode liguid crystal display device. The vy characteristic is
an input grayscale level vs. luminance characteristic. In
general, the wviewing direction (i.e., viewing angle} 1is

expressed by the angle with the normal to the display surface

(peclar angle) and the azimuthal angle that represents the



azimuth in the display surface. The vy characteristic of the
VA mode ligquid crystal display device particulariy has a
large dependence on the polar angle of the viewing direction.
That 1s, the vy characteristic that 1s acquired when viewed
from the front (in a direction normal toc the display surface)
and the v characteristic that is acqguired when viewed in an
obligque direction are different from each other, and
therefore, the grayscale display state varies depending on
the viewing direction (polar angle).

[0004] To reduce the viewing angle dependence of the vy
characteristic in the VA mcde liquid crystal display device,
a liquid crystal display device having a multi-pixel
configuration such as disclosed in Patent Document 1 of the
present applicant, for example, has been put to practical
use. The multi-pixel configuration refers to a configuration
in which one pixel includes a plurality of sub-pixels of
different brightnesssas. Note that, in this specification,
the “pixel” refers to the minimum unit of display in the
liguid crystal display device. In the case of a color liguid
crystal display device, the “pixel” refers to the minimum
unit of display of each primary color (typically, R, G, or B}
and 1s sometimes referred to as “dot”.

100CG5] Each of the pixels of a liguid crystal display
device having a multi-pixel configuration includes a

plurality of sub-pixels among which different voltages can he



applied acress the liguid crystal layer. For example, when a
pixel displays at least an intermediate grayscale level, the
pixel includes two sub-pixels which exhibit different
luminances. When two sub-pixels constitute one pixel, the
luminance of one of the two sub-pixels 1is higher than a
luminance that the pixel is to display {(bright sub-pixel),
and the luminance of the other sub-pixel is lower than the
luminance that the pixel is to display (dark sub-pixel).
[onoe] The multi-pixel configuration 1is also referred to
as “pixel-divided configuration”, and various types thereof
have been known. For example, each of the pixels of a liquid
crystal display device shown in Fig. 1 of Patent Document 1
includes two sub-pixels, and different display signal
voltages are supplied to the two sub-pixels via two source
bus lines (display signal lines) respectively corresponding
to the two sub-pixels. Here, this type is referred to as
“source direct multi-pixel type”.

[0007] On the other hand, in a liguid crystal display
device shown in Fig. 12 of Patent Document 1, twoc sub-pixels
of each pixel are supplied with egual display signal
voltages. Here, as shown in Fig. 12, each sub-pixel has a
storage capacitance, and a storage capacitance counter
electrode (connected to the CS5 bus line) which forms the
storage capacitance is electrically independent in each sub-

pixel. The voltage supplied to the storage capacitance



counter electrode (“stcrage capacitance counter voltage”) 1is
changed after the TFT 1s switched from CN to OFF, whereby
effective voltages applied‘across the liquid crystal layer of
the two sub-pixels are made different from each other with
the utilization of capacitance dividing. Here, this type 1is
referred to as “CS swing type”. The (CS swing type has such
an advantage that the number of source bus lines can be
reduced as ccmpared with the source direct fype. In the case
where each pixel includes two sub-pixels as illustrated, in
the CS swing type, the number of signal lines can be halved

as compared with the source direct type.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0009] Using the above-described multi-pixel configuration



enables 1mproving the viewing angle {(particularly, polar
angle) dependence of the vy characteristic of a liquid crystal
display device (particularly, VA mode liguid crystal display
device) . However, for example, as will be described later,
there 1is such a problem that even when the viewing angle
dependence of the v characteristic is improved by
conventioconal multi-pixel driving, the viewing angle
dependence of the color reproducibkbility cannot be
sufficiently reduced.

(00107 Patent Document 2 of the present applicant
discloses a liguid crystal display device in which, for the
purpose of reducing the viewing angle dependence of the color
reproducibility, the area ratic and/or lighting time of the
bright sub-pixel in each of the primary color pizgels
{(typically, red (R) pixel, green (G) pixel and blue (B}
pixel) 1is adjusted so as to reduce the viewing angle
dependence of the color reproducibility of a human skin color
(hereinafter, “skin coloxr”).

[0011] However, the liguid crystal display device
disclosed in Patent Document 2 has such a problem that the
colors of which the viewing angle dependence of the color
reproducibility can be improved are limited or the driving
method becomes complicated.

(00121 According to the researches carried out by the

present inventcrs, from the viewpcoint of reducing the viewing



angle dependence of the color reproducibility, the scurce
direct multi-pixel type is advantageous because the
flexibility of combination of display signal voltages which
are to be supplied to two or more sub-~pixels included in a
pixel is high.

(0013} On the other hand, a liquid crystal display device
of the source direct multi-pixel type has a problem of poor
mass productivity. This is attributed %o a fact that, for
example, a method disclosed in Patent Document 3 which uses
spare wires cannot substantially repair disconnection of a
source bus line.

[0014] The present inventiocon was conceived for the purpose
of solving at least one of the above-described problems. The
objects of the present invention include providing a liguid
crystal display device of the source direct multi-pixel type
which 1is capable of repairing discennection of a source bus
line and/or providing a liquid crystal display device having
a multi-pixel configuration which is capable of reducing the

viewing angle dependence of the color reproducibility.

SOLUTION TO PROBLEM

[0015] A liguid crystal display device according to an
embodiment of the present invention includes: a plurality of
pixels arranged in a matrix of rows and columns, each of the

plurality of pixels including a first sub-pixel and a sscond



sub-pixel; a first TFT and a second TFT which are associated
with each of the plurality of pixels; a first scurce bus line
connected to the first sub-pixel wvia the first TFT and a
second source bus line connected to the second sub-pixel via
the second TFT; a spare wire which is electrically
connectable with the first source bus line and/or the second
source bus line; and a control circuit configured to receive
an input display signal that 1s indicative of grayscale
levels which are to be exhibited by the plurality of pixels,
generate a first display signal voltage and a second display
signal voltage which are to be supplied to the first sub-
pixel and the second sub-pixel of each of the plurality of
pixels, and output the generated £first and second display
signal voltages to the first source bus line and the second
source bus line, respectively, wherein when the first socurce
bus line or the second source bus line which is associated
with a pixel of one column is electrically‘connected with the
spare wire, the control circuit is capable of controlling an
amplitude of the oscillation of the first display signal
voltage and the second display signal voltage output to the
first source bus line and the second source bus line
asscclated with the pixel of the one cclumn 80 as to be
smaller than that achieved when the first scurce bus line or
the second source bus line associated with the pixel of the

one column is not electrically connected with the spare wire.



In this case, the amplitude of the oscillation of the first
display signal voltage and the amplitude of the oscillation
of the second display signal voltage are set so as to have
equal absolute values, for exanple. As a matter of course,
even wnen the first source bus line or the second source bus
line is not electrically connected with the spare wire, the
control  circuit is also capable of changing (e.g.,
decreasing) the amplitude of the oscillation of the first
display signal veoltage and the second display signal voltage.
[6016) In one embodiment, when the {first source bus line
or the seccond source bus line which 1is associated with the
pixel of the one column is electrically connected with the
spare wiﬁe, the contrel circuit is capable of controlling the
amplitude of the oscillation of the first display signal
voltage and the second display signal wveltage output to the
first source bus line and the second source bus line
assccliated with the pixel of the one column so as to be zZero.
(G017} In one embodiment, the plurality of pixels form a
plurality of color display pixels, each of the plurality of
color display pixels including three or more pixels which
exhibit different colors, and when the first source bus line
or the second source bus line which is associated with the
pixel of the one column is electrically connected with the
spare wire, the control circuit is capable of changing the

amplitude of the oscillation o©f the first display signal



voltage or the second display signal voltage according to a
color which is to be exhibited by the pixel of the one
column.

{00187 In one embodiment, the plurality of pixels form a
plurality of color display pixels, each of the plurality of
color display pixels including three or more pixels which
exhibit different colors, and the control circuit 1is capable
of generating a first display signal voltage and a second
display signal voltage that are to be supplied to the first
sub~pixel and the second sub-pixel of an arbitrary one of the
plurality of pixels based on a grayscale level to be
exhibited by the arbitrary pixel and grayscale levels to be
exhibited by twe or more remaining pixels included in a color
display pixel to which the arbitrary pixel belongs that are
indicated by the input display signal, and outputting the
generated first and second display signal voltages to the
first source bus line and the second source bus line,
respectively.

(0019 In one embodiment, for one grayscale level which is
to be exhibited by the arbitrary pixel, the control circuit
is capable of generating the first display signal voltage and
the second display signal voltage that have two or more
different absolute wvalues according to the grayscale levels
to be exhibited by the two or more remaining pixels. That

is, even when the grayscale level exhibited by the first



pixel 1is the same, the first display signal voltage and the
second display signal voltage that are supplied to the first
sub-pixel and the second sub-pixel of the first pixel can be
controlled to have different absolute values according to the
grayscale levels exhibited by the second pixel and the third
pixel. For example, even when the grayscale level exhibited
by the first pixel 1s the same, the grayscale level
difference between sub-pixels of the first pixel can be
varied between a case where the color exhibited by the color
digplay pixel including the first, second and third pixels is
a skin color and a case where the color exhibited by the
color display pixel 1is an achromatic intermediate tone
(gray) .

[G0O20] In one embodiment, the first scurce bus line and
the second source bus line extend in the column direction, in
each of the plurality of pixels, the first sub-pixel and the
second sub-pixel are arranged in the column direction, and a
polarity of the first display signal voltage supplied from
the first source bus line and a polarity of the second
display signal voltage supplied from the second source bus
line are each constant within a frame.

[0021] In one embodiment, the pclarity of the first
display signal voltage supplied from the first source bus
line and the polarity of the second display signal voltage

supplied from the second source bus line are opposite to each
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other in a frame.

[0022] In one embediment, some of the plurality of pixels
which are arranged in the column direction are to exhibit a
same color, and two sub-pixels which belong te two pixels
adjacent to each other in the column direction and which are
electrically ceonnected to the first source bus line are
adijacent to each other in the column direction.

[0023] In one embodiment, an arbitrary one of the
plurality of color display pixels includes m pixels, from the
15t pixel to the mth pixel, where m is an integer which is not
less than 3. The grayscale levels which are to be exhibitsad
by the 1st pixel to the mth pixel are the 15t grayscale level
GLl to the m*® grayscale level GLm. The luminances at the
front viewing angle of the 15t pixel to the mth pixel achieved
when the 15" pixel to the m't pixel exhibit the 15t grayscale
level GL1 to the mtt grayscale level GLm which are normalized
on the assumption that the luminance at the front viewing
angle achileved when the highest grayscale level is exhibited
is 1 are the 1% frontal normalized luminance NL1 to the mth
frontal normalized luminance  NLm, respectively. The
luminances at the obligue 60° viewing angle of the 1% pixel
te the mtt pixel which are normalized on the assumption that
the luminance at the obligque 60° viewing angle achieved when
the highest grayscale level is exhibited is 1 are the 13°

cbhbligue wviewling angle normalized luminance IL1 to the mth
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oblique viewing angle normalized luminance ILm, respectively.
In this case, the control circuit is configured Lo generate
the first display signal voltage and the second display
signal voltage that are to be supplied to the first sub-pixel
and the second sub-pixel of each of the 15t pixel to the mth
pixel such that the maximum value of the difference between
the frontal luminance ratios Dbetween pixels which are
obtained by normalizing the 1%° frontal normalized luminance
NL1 to the m*h frontal normalized luminance NLm with respect
to the highest one of the 1%t frontal normalized luminance
NL1 to the m*™ frontal normalized luminance NLm and the
obligue 60° Juminance ratios between pixels which are
obtained by normalizing the 1%t oblique viewing angle
normalized Iuminance IL1 to the mtt oblique viewing angle
normalized luminance ILm with respect to the highest one of
the 1% coblique viewing angle normalized luminance IL1 to the
mtt obligue viewing angle normalized luminance ILm 1is not
nore than 0.25.

[0024] In one embodiment, an arbitrary one of the
plurality of color display pixels includes m pixels, from the
it pixel to the m* pixel, where m is an integer which is not
less than 3. The grayscale levels which are to be exhibited
by the 13% pixel to the mtt pixel are the 13t grayscale level
GL1 to the m*® grayscale level GLm, respectively. The 18t

grayscale level GL1 tc the m*h grayscale level GLm include at
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least two different grayscale levels. In this case, the
contrel cilrcuit is configured to generate voltages which have
equal absolute values as the first display signal voltage and
the second display sigral voltage respectively supplied to
the first sub-pixel and the second sub-pixel of a pixel which
is to exhibit a grayscale level of the largest value among
the 1t grayscale level GL1 to the m*h grayscale level GLm.
100257 In one embodiment, the control circuit is
configured to generate the first display signal voltage and
the seccond display signal voltage respectively supplied to
the first sub-pixel and the second sub-pixel of each of the
plurality of pixels exclusive of a pixel which exhibits the
highest grayscale level among the m pixels included in the
color display pixel such that the difference between the
absolute values of the first display signal voltage and the
second dispiav signal voltage is the maximum.

[G026] For example, when the color exhibited by the color
display pixel 1is a skin color, the relaticnship of “the
grayscale level of the red pixel>the grayscale level of the
green pixel>the grayscale level of the blue pixel” holds.
Therefore, the grayscale level difference between sub-pixels
of the red pixel is set to zero, while the grayscale level
differences between sub-pixels of the green pixel and the
blue pixel aré cach set to the maximum value.

(00271 When the color exhibited by the color display pixel
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is an achromatic intermediate tone, for example, the
grayscale level differences between sub-pixels of the Dblue
pixel and the green pixel are each set to zero, while the
grayscale level difference between sub-pixels of the red
pixel is set to the maximum value.

[0028) In one embodiment, each of the plurality of color

display pixels includes a red pixel, a green pixel, and a

blue pixel.
[00629] In one embodiment, each of the plurality of color
display pixels further includes a vyellow pixel. The coler

display pixel may include a white pixel instead of the yellow
pixel. Further, each of the plurality of color display
pixels may include a red pixel, a green pixel, a blue pixel,
a cyan pixel, a magenta pixel, and a yellow pixel.

100303 In one embodiment, the first TFT and the second TFT
incliude a semiconductor oxide layer as an active layer. The

semiconductor oxide layer includes IGZO.

ADVANTAGEOUS EFFECTS OF INVENTION

[0031] According to  an embodiment of the present
invention, a liguid crystal display device of the source
direct multi-pixel type 1is provided which 1is capable of
repairing disconnection. The liguid crystal display device
of the embodiment of the present invention has a spare wire

which 1s capable of electrically coupling a disconnected
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source bus line. A control circuit is capable of decreasing
the amplitude of the oscillation of a display signal voliage
that is to be supplied to the source bus line connected with
the spare wire. Therefcre, pixels connected to the
disconnection-repaired source bus line can be made less
visually perceivable.

[0032] Rccording to ancther embodiment of the present
invention, a liquid crystal display device having a multi-
pixel configuration is provided which is capable of reducing
the wviewing angle dependence of the color reproducibility.
The liquid crystal display device of the embodiment of the
present invention has such a configuration that the amplitude
0of display signal voltages that are to be supplied to two
sub~pixels included in each pixel c¢an be arbitrarily
controlled. In each pixel, the grayscale level difference
between sub-pixels 1s controlled according to the color
exhibited by the color display pixel. Therefore, the
grayscale Jjevel difference between sub-pixels in each pixel
can be controlled according to the color exhibited by the
color display pixel such that the viewing angle dependence of

the color reprcducibility is reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0033]

[FIG. 1] A schematic diagram of a liguid crystal display
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device 100A according to an embodiment of the present
invention.

[FIG. 2] A schematic diagram of a liquid crystal display
panel 10A included in the liquid crystal display device 100A.

[FIG. 3] A graph showing the relationship between the
display grayscale level and the normalized luminance of the
bright sub-pixel and the dark sub-pixel when multi-pixel
driving is performed.

[FIG. 4] (a) to () are charts for illustrating the
display characteristics achieved when multi-pixel driving 1is
not performed.

[FIG. 51 (a) to () are charts for “illustrating the
display characteristics achieved when conventional multi-
pixel driving is performed.

[FIG. 6] (a) te (¢} are charts for 1illustrating the
display characteristics achieved when multi-pixel driving of
an embodiment of the present invention is performed.

[FIG. 7] A graph showing the waveforms of display signal
voltages supplied to two sub-pixels.

[FIG. 8] (a) to (e} are charts showing examples of the
waveforms of the first and second display signal vecltages
supplied to two sub-pixels included in R, G and B pixels,
respectively.

[FIG. 8} A graph showing the relationship between the

combinations of whether or not the multi-pixel driving is
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performed on R, G and B pixels and the viewing angle
dependence of the cclor reproducibility in the case where the
R, G and B pixels are used to exhibit a skin color.

[FTG. 10} A graph showing the relationship between the
combinations of whether or not the mailti-pixel driving is
performed on R, G and B pixels and the viewing angle
dependence of the color reproducibility in the case where the
R, G and B pixels are used to exhibit an achromatic
intermediate tone {(gray).

[FIG. 117 (a) to {¢) show examples of a look-up table
used for generation of display signal voltages supplied to
two sub-pixels in a liguid crystal display device of an
embodiment of the present invention.

[FIG. 12] Ancother example of the look-up table used for
generation of display signal voltages supplied to two sub-
pixels in a liguid crystal display device of an embodiment of
the present invention.

[FIG. 13] 5till another example of the look-up table
used for generation of display signal voltages supplied to
two sub-pixels in a liquid crystal display device of an
embodiment of the present invention.

[F1G. 14} A diagram for 1iliustrating a problem in
repairing disconnection of & source bus line with the use of
a spare wire in a liguid crystal display device of the source

direct multi-pixel type.
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[FIG. 15] A schematlc diagram of a liguid crystal
display device 100B according to another embodiment of the
present invention.

[FIG. 16] (a) 1s a graph showing an example of the
waveforms of the first display signal voltage SAl output from
a bright/dark division control circulit 20A to the first
source bus line SA and the second display signal voltage SEl
output from the bright/dark division control circuit 20A to
the second source bus line 8B. (b} is & graph showing an
example of the waveforms of the first display signal voltage
SAZ output from a bright/dark division control circuit 20B to
the first source bus line SA and the second display signal
voltage S8B2 output from the Dbright/dark division control
circuit 20B to the second source bus line 8B.

[FIG. 17] A graph showing an example c¢f the grayscale
level wvs. luminance characteristic achieved by a display
signal voltage supplied to a disconnection-repaired source
bus line.

[F'TG. 18] A schematic diagram of a liguid crystal
display panel for illustrating a problem which occurs when a-
display signal voltage that has the same oscillatory waveform
as that supplied to a normal source bus line SX2 is supplied
to the disconnection-repaired source bus line SX1.

[FIG. 181 (a) to (d) show the voltage waveforms at

points Al to A4 on the source bus line 8X1 and at points B1
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to B4 on the source bus line 8X2 shown in FIG. 18 which are
achieved when a display signal wvoltage that has the same
oscilllatory waveform as that supplied to a normal source bus
line 1is supplied to the disconnection-repaired source bus
line 8X1.

[FIG. 20} (a) and (b) show the wvoliage waveforms at
points Al and A2 on the source bus line 8X1 and at points Bl
and B2 on the source bus line SX2 shown in ‘FIG. 18 which are
achieved when a display signal wvoltage which has a non-
oscillatory waveform 1s supplied to the disconnection-
repaired source bus line SX1.

[FIG. 21] (a) is a chart showing a specific operation
example of the bright/dark division control circuit 20A. (b)
and (¢} are charts showing specific operation examples of the
bright/dark division control cirguit 20B.

[FIG. 22] A diagram showing an example of the pixel
arrangement in a liguid crystal display device according to
an embodiment of the present invention.

[FIG. 231 A diagram showlng another example of the pixel
arrangement in a ligquid crystal display device accorxding to
an embodiment of the present invention.

[FIG. 24] A schematic plan view showing a specific
configuration example of pixels of a liquid crystal display
device according to an embodiment of the present invention.

[FIG. 25] An eguivaient circuit diagram of a pixel shown



in FIG. 24.

DESCRIPTION OF EMBODIMENTS

[00341] Hereinafter, a liquid crystal display device and a
driving method thereof according to an embodiment of tThe
present invention will be described with reference to the
drawings. Note that the embodiment of the present invention
is not limited to embodiments that will be described below.
[00351 Firstily, a liquid crystal display device of the
source direct multi-pixel type which is capable of reducing
the viewing angle dependence of the color reproducibility and
a driving method thereof are described, and thereafter, a
liguid crystal display device of the source direct multi-
pixel type which is capable of repairing disconnection of a
source bus line is described.
[003¢] (Reduction of the viewing angle dependence of the
color reproducibility by the source direct multi-pixel type)
As shown in FIG. 1, a liquid crystal display device 100A
according to an embodiment of the present invention includes
a liquid crystal display panel 10A which has a plurality of
pixels P arranged in a matrix of rows and columns and a
control «circuit 15A configured to receive input display
signals that are indicative of grayscale levels which are to
be exhibited by the plurality of pixels P and supply display

signal voltages to respective ones of the plurality of pixels
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P. A part or the entirety of the control circuit 15A may be
formed integrally with the liguid crystal display panel 10A.
[0037] Each of the pixels P includes a first sub-pixel SP1
and a second sub-pixnel SP2. The first sub-pixel 8P1 is
supplied with a first display signal voltage from the first
source bus line SA. The second sub-pixel 8SP2 is supplied
with a second display signal voltage from the second source
bus line S8B. The first display signal voltage and the second
display signal voltage can be arbitrary voltages because they
are supplied from twe source bus lines SA and SB which are
electrically independent of eéch other.

(00381 The liguid crystal display device 100A is a VA mode
liguid crystal display device which operates in the normally-
black mode. When the ligquid crystal display device 100aA
displays at least an intermediate grayscale level, the first
display signal voltage and the second display signal voltage
are made different from each other, whereby the grayscale
levels exhibited by the first sub-pixel 8Pl and the second
sub-pixel 8P2 are also made different from each other.
Multi-pixel driving may be performed only when the
intermediate grayscale level 1is lower than the grayscale
level of 96/255 of the grayscale (the 96t grayvscale level in
the 256-level representation {(from 0 to 255})).

[0039] Note that, herein, the “Yintermediate grayscale

level” does not include any of the highest grayscale level



{white) and the lowest grayscale level {(plack). When a pixel
consists of only two sub-pixels, a grayscale level which is
to be exhibited by fthe pixel 1is exhibited by the two sub-
pixels. Therefore, the grayscale level exhibited by one of
the sub-pixels 1s higher than a grayscale level to be
exhibited by a pixel which 1is indicated by the input display
signal ({(bright sub-pixel) and the grayscale level exhibited
by the other sub-pixel is lower than the grayscale level to
be exhibited by the pixel (dark sub-pixel). In this case,
there are a plurality of combinations of the grayscale levels
exhibited by the two sub-pixels. As the difference between
the grayscale levels exhibited by the two sub-pixels
(hereinafter, sometimes simply referred to as “grayscale
level difference between sub-pixels”) increases, the effect
of improving the vy characteristic also increases. When the
multi~pixel driving is not performed, the grayscale levels
exhibited by the two sub-pixels are equal to the.grayscale
level exhibited by the pixel.

T0040] Next, the configuration of the liquid crystal
display panel 10A is described with reference to FIG. 2.
[0041] The plurality of pixels P o0f the ligquid crystal
display panel 10A form a plurality of ceclor display pixels
CP. Fach of the plurality of c¢olor display pixels CP
includes three or more pixels P which exhibit different

colors. In the example described in this section, each of
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the color display pixels CP consists of a red pixe! (R
pixel), a green plxel (G pixel) and a blue pixel (B pixel).
Also, another example is described in which the pixels P of
respective colors are in a stripe arrangement.

[0042] The pixels P in a matrix arrangement are identified
by the row number and the column number. For example, a
pixel P in the mt® row and the n'™ column is expressed as P(m,
nj. For example, a pixel column Pn which 1is the nt™ column

is red (R), a pixel column Pn+l which is the n+l1t™h column is

green (G}, and a pixel column Pn+2 which is the n+2t column
is blue (B). Three consecutive pixels P arranged one after
ancther in the row direction, for example, Pim, n), Pim, n+l)

and P(m, n+2) in a pixel row Pm that is the mnt" row,
constitute one color display pixel CP.

[0043] Each of the plurality of pixels P includes a first
sub-pixel 8Pl which is electrically connected to the first
source bus line SA via the first TFT Tl and a second sub-
pixel 8P2 which is electrically connected to the second
source bus line SB via the second TFT T2. The first TFT T1
and the second TET T2 are, for example, configured so as to
be connected to a common gate bus line G and supplied with a
common scan signal as described in this section, although the
present invention is not iimited, to this example. Scan
signals may be supplied from different gate bus lines G.

During a period in which the first TFT T1 and the second TFT

23



T2 are kept ON by the scan signals, the first and second
display signal voltages are supplied to the first and second
sub-pixels 8Pl and 8SP2 from the first and second source bus
lines SA and 8B, respectively. From the wviewpocint of thus
supplying display signal voltages <from the two source bus
lines 8A and SB to one pixel P, high TFT driving performance
is preferred. The first TEFT Tl and the second TFT T2 are
realized by, for example, TETs which include a semiconductor
oxide lavyer as the active lavyer.

(00447 The semiconductor oxide lavyer includes, for
example, 1GZ0. Here, IGZ0 is an oxide of In {indium), Ga
{gallium} and Zn (zinc} and include a wide variety of In-Ga-
Zn-0 oxides. IGZ0 may be amorphous or may be crystalline. A
preferred crystalline I[GZ0 layer is a crystalline IGZO layer
whose c-axis 1s oriented generally perpendicular to the layer
surface. The crystalline structure of such an IGZ0 layer is
disclosed in, for example, Japanese Laid-Open Fatent
Publication No. 2012-134475. The entire disclosures of
Japanese Lalid-Open Patent Publication No. 2012-134475 are
herein incorperated by reference.

[CC45) The contrel circuit 1B5A of the liquid crystal
display device 100A includes a bright/dark division control
circuit 20 as shown in FIG. 1. The bright/dark division
control circuit 20 includes, for example, primary cclor

bright/dark division control circuits 22R, 226G and 22B for
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respective ones of the primary colcrs (here, respective ones
of R, G and B). The control circuilt 15A that includes the
bright/dark division control circuit 20 is configured to
generate a first display signal voltage and a second display
signal voltage which are to be supplied to the first sub-
pixel SPl and the second sub-pixel SP2 of an arbitrary one of
the pixels P based on a grayscale level to be exhibited by
the arbitrary pixel P and grayscale levels to be exhibited by
the two or more remaining pixels P inciuded in a colorx
display pixel CP fo which the arbitrary pixel P belongs that
are indicated by the input display signal, and output the
generated first and second display signal voltages to the
first socurce bus line 8SA and the second source bus line 88,
respectively. That is, for one grayscale level which is to
be exhibited by the arbitrary pixel P, the control circuit
15A is capable of generating the first display signal voltage
and the second display signal voltage that have two o©r more
different absolute wvalues according to the grayscale levels
to pe exhibited by the Lwo or more remaining pixels included
in a color display pixel CP to which the arbitrary pixel P
belongs. Therefore, for example, 1in the case where a color
display pixel includes the first pixel (e.g., R pixel), the
second pixel ({e.g., G pixel) and the third pixel (e.g., B
pixel) which exhibit different colors from cone ancther, even

when the grayscale level exhibited Dby the first pixel (R
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pixel} is the same, the first display signal voltage and the
second display signal voltage that are supplied to the first
sub-pixel and the second sub-pixel of the first pixel can be
controlled to have different absclute vaiues according to the
grayscale levels exhibited by the second pixel and the third
pixel. For example, as will bke described later with a
specific example, even when the grayscale level exhibited by
the R pixel is the same, Lhe grayscale level difference
between sub-pixels of the R pixel can be varied between a
case where the color exhibited by the coleor display pixel is
a skin color and a case where the cclor exhibited by the
color display pixel 1s an achromatic intermediate tone
{(gravy) .

[0046] Note that, in general, the control circuit 15A
includes a timing control circuit, a gate bus line {scan
line) driving c¢ircuit, a source bus line (signal line)
driving circuit, etc., although these components are herein
omitted for the sake of simplicity.

[6047] FIG. 3‘is a graph showing the relationship between
the display grayscale levels of the bright sub-pixel and the
dark sub-pixel and the normalized luminance when the multi-
pixel driving is performed. FIG. 3 isg exemplary. In FIG. 3,
the horizontal axis represents the display grayscale level
which is to be displayved by a pixel (from 0 to 255), and the

vertical axis represents the luminances exhibited by the two
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sub-pixels which are normalized on the assumpticn that the
maximum value is 1. Note that in the example described
herein, the area ratio of the bright sub-pixel and the dark
sub~pixel is 1:1.

[0048] As the difference in normalized luminance between
the bright sub-pixel and the dark sub-pixel {(the difference
in grayscaie level converted from the luminance 1is the
grayscale level difference between sub-pixels) increases, the
effect of reducing the viewing angle dependence of the vy
characteristic improves. Therefore, as illustrated in FIG.
3, it is preferred that the normalized luminance of the dark
gsub-pixel is 0.00 (the display grayscale level is 0) so long
as it is possible. I1f a desired display grayscale level of a
pixel 1is not achieved in the case where the normalized
Tuminance of the bright sub-pixel is the maximum (i.e., 1.00
(the display grayscale level 1s 255)) and the normalized
luminance of the dark sub-pixel 1is 0.00 (the display
grayscale level is 0), the first and second display signal
voltages are preferably generated such that the normalized
luminance of the dark sub-pixel exceeds 0.00. Now, consider
a case where the area ratio cof the bright sub-pixel and the
dark sub-pixel is 1:1 as shown in FIG. 3. When the display
grayscale level of the pixel is in the range from the lowest
grayscale level (0/2b5=black) to 186/255, only the display

grayscale level of the bright sub-pixel increases while the
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display grayscale level of the dark sub-pixel is 0. When the
display grayscale level of the pixel is in the range from
187/255 to the highest grayscale level (255/2552w5ite), only
the display grayscale level of the dark sub-pixel increases
while the display grayscale level of the bright sub-pixel is
constant (saturated) at 255/255.

(00497 Next, the wviewing angle dependence of The v
characteristic and the viewing angle dependence of the color
reproducibility which are attributed to the multi-pizel
driving are described with reference to FIG. 4 to FIG. 6.
[0050] FIGS. 4(a) to 4(c) are charts for illustrating the
display characteristics achieved when the multi-pixel driving
is not performed. FIGS. 5(a) to b5(ec) are charts for
illustrating the display characteristics achieved when
conventional multi-pixel driving is performed. FIGS. 6(a) to
6 (c) are charts for illustrating the display characteristics
achieved when the multi-pixel driving of an embodiment of the
present invention 1s performed. In the example described
herein, the grayscale levels which are to be displavyed by the
R pixel, the G pixel and the B pixel are 180/255, 120/255 and
80/255, respectively.

(0051} Firstly, when the multi-pixel driving 1is not
performed, the grayscale levels which are to be exhibited by
the bright sub-pixel and the dark sub-pixel of each of the R,

G and B pixels are egual to the grayscale levels which are
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be exhipited by respective ones of the R, G and B pixels as
shown in FIG. 4{a). The viewing angle dependences cof the
normalized luminances of respective ones of the pixels which
are achieved 1in this case are shown 1in FIG. 4(b). The
viewing angle dependences shown in FIG. 4(b) represent the
dependence on the polar angle 8 (angle with the normal to the
display surface) in the azimuthal angle 0° or 180°
{(horizontal direction c¢f the display surfacej. Here, the
pclar angle € 1s sometimes referred to as “viewing angle 687.
The same applies to FIG. 5(b) and FIG. 6(b}.

0052} As seen from FIG. 4(b), as the viewing angle 8§
(abéolute value) increases, the normalized luminances of all
the R, &G and B pixels increase. Such a phenomencn that the
luminance increases as the wviewing angle 1is slanted to an
obligue direction is callied “whitening”. The displayed color
appears whitish.

[0053] This phenomenon can be guantitatively evaluated by
using, for example, the parameters shown in FIG. 4(c}).

(00547 FIG. 4{ec) shows, for each of the R, G and B pixels,
the normalized Iuminance acguired when viewed from the front,
the normalized luminance acguired when viewed at an oblique
viewing angle of polar angle 60°, and the viewing angle
luminance ratio (obligue/front) that is calculated by
dividing the normalized luminance acguired when viewed at an

obligque viewing angle of polar angle 60° by the normalized
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luminance acguired when viewed from the front. FIG. 4(c)
further shows, for each of the R, G and B pixels, wvalues of
the normalized luminance acgquired when viewed from the front
and the normaiized luminance acquired when viewed at an
obligue viewing angle of polar angle 60° which are normalized
on the assumpition that the normalized luminance of the R
pixel in which the grayscale level to be displayed is the
highest among the R, G and B pixels is 1.00 (RGB luminance
ratio (also referred to as “luminance ratio between
pixels”) ), and the values calculated by subtracting the RGB
luminance ratio obtained when viewed from the front from the
RGB luminance ratio obtained when viewed at an oblique
viewing angle of polar angle 60° (RGB luminance ratio
variation (obligque-front)). The value of the RGB luminance
ratio variation {obligue~front) is a parameter which
represents the color shift at the oblique viewihg angle.

[0055] The viewing angle luminance ratios {(obligue/front)
of the R, G and B pixels are 1.48, 2.94 and 5.65,
respectively, as shown in FIG. 4(c). In each of these
pizels, it 1s seen that, the normalized Iluminance at the
oblique 60° viewing angle 1s greater than the normalized
luminance at the front viewing angle so that the displaved
color appears whitish. Note that the magnitude of the
increase in luminance at the obligque viewing angle (viewing

angle luminance variation) 1s greater in the G pixel that is
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to display the grayscale level of 120/255 (2.94) than in the
R pixel that is to display the grayscale level of 180/255
{1.48), and is greater in the B pixel that is to display the
grayscale level of 80/255 (5.65) than in the G pixel that 1is
to display the grayscale level of 120/255. The RGB luminance
ratio {(luminance ratio Dbeiween pixels) relative to the
highest grayscale level color is R pixel:G pixel:B
pixel=1.00:0.4C:0.15 when viewed from the front {i.e., when
the coclor which is to be displayved is displayed). On the
other hand, when viewed obliquely at 60°, R pixel:G pixel:B
pixel=1.00:0.79:0.56, and it 1s seen that the luminances of
the G pixel and the B pixel are excessively large.

[C056] The difference in the viewing angle dependence of
the color reproducibility can be gquantitatively evaluated by
the wvalue of the RGB luminance ratio variation (obligque-
front} relative to the highest grayscale level color of FIG.
4{c). As shown in FIG. 4{c), the wvalues of the RGB luminance
ratio wvariation (chlique~front) relative tco the highest
grayscale level color are 0.00 for the R pixel that is to
exhibit the highest grayscale level color and 0.39 and 0.41
for the G pixel and the B pixel, respectively. That is, 1t
i1s seen thalt, as compared with the increase of the luminance
of the R pixel that is to display the highest grayscale level
among the three pixels (here, 180/255), the magnitude of the

increases 1in luminance of the G pixel and the B pixel that
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are to display lower grayscale levels are large, and the
magnitude of the increase in luminance of the B pixel that is
to display a lower grayscale level than the G pixel is the
largest. Thus, it is seen that the magnitude of the increase
in luminance of a pixel due to slanting of the viewing angle
depends on the grayscale level to be displavyed, and as a
result, the color reproducibility depends on the viewing
angle.

(00577 The difference between a color perceived when
viewed at the front viewing angle and a color perceived when
viewed at the 60° obligue viewing angle is herein expressed
by the wvalue of the distance (Au'v’) between the u’'v’
coordinates in the CIELD76 ucs chromaticity diagram
(hereinafter, sometimas simply referred to as “color
difference”). In the case where the cclor to be displayed by
the color display pixel is R,G,B=180,120,80, Au'v'=0.057 when
the multi-pixel driving is not performed.

[0058] Next, as shown in FIG. 5{a), tc reduce the viewing
angle dependence of the v characteristic, the grayscale
levels which are to be exhibited by the bright sub-pixel and
the dark sub-pixel are set, and the multi-pixel driving is
performed. For the purpose of maximizing tThe effect of the
multi-pixel driving, the grayscale level which 1is to be
exhibited by each of the dark sub-pixels of the R, G and B

pixels is set to 0 while the grayscale levels which are to be
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exhibited by the bright sub-pixels of the R, G and B pixels
are 232, 157 and 104, respectively.

{0059] As shown in FIG. 5(b), the Iluminance c¢of the dark
sub-pixel of each pixel is 0.006, so that it does not depend
on the viewing angle. On the other hand, it is seen tThat the
viewing angle dependence of the luminance of the bright sub-
pixel of each pixel is small as compared with FIG. 4{(b). In
this case, the viewing angle luminance ratios (obligue/front)
cf the R, G and B pixels are 0.58, 1.76¢ and 3.43,
respectively, as shown in FIG. B(c). It is seen that these
values are smalier than 1.48, 2.94 and 5.65 shown in FIG.
4{c). Thus, a wvariation in luminance due to the viewing
angle 1s suppressed by the multi-pixel driving.

[0060] However, the RGR luminance ratio relative to the
highest grayscale level color which is achieved when viewed
obliquely at 60° is R pixel:G pixel:B pixel=1.00:0.72:0.55 as
shown in FIG. 5(c). That 1is, the improvement over the RGB
luminance ratio which 1s achieved when the multi-pixel
driving is not performed such as shown in FIG. 4{c), R
pixel:G pixel:B pixel=1.00:0.79:0.56, is small. The values
of the RGB luminance ratio variation (obligue-front) relative
to the highest grayscale level color which are shown in FIG.
5{c} are 0.32 and 0.40 for the G pixel and the B pixel,
respectively. Although these values are slightly smaller

than the wvalues of the RGB  luminance ratio variation
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(oblique-front} shown in FIG. 4(c) {(0.32 and 0.41), the
increase in luminance of the G pixel and the B pixel which
are to exhibit different colors from the highest grayscale
level color is large, and it cannot be said that the viewing
angle dependence of the color reproducibility is suppressed.
In this case, AU’ v =0.050. The difference of this value from
0.057 that 1is achieved when the multi-pixel driving is not
performed is small.

[0061] In the multi-pixel driving, the liguid crystal
display device 100A according to an embodiment of the present
invention is cenfigured to set the grayscale level difference
between two sub-pixels according to the grayscale levels to
be exhibited by the remaining two or more pixels included in
a color display pixel CP to which the pixel P belongs, rather
than maximizing the difference between the grayscale levels
which are to be exhibited by the two sub-pixels. Note that,
in some cases, The grayscale level difference is set to 0
depending on the color exhibited by the colof display pixel
and the colors of the pixels.

[coe2] In this example, as shown in FIG. 6(a), the multi-
pixel driving 1is not performed for the R pixel which islto
exhibit the highest grayscale level. That 1is, the grayscale
level difference between sub-pixels is zeroc for the R pixel,
while the grayscale level difference bhetween sub-pixels for

each of the G pixel and the B pixel 1is set to the maximum
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value similarly as in the example of FIG. 5{(a).

10063} Accordingly, as shown in FIG. 6(b), the viewing
angle dependence of the R pixel is egual to the viewing angle
dependence of the R pixel of FIG. 4(b), and the viewing angle
dependences of the G pixel and the B pixel are equal to the
viewing angle dependences of the G pixel and the B pixel of
FIG. 5(b). Therefore, as shown in FIG. 6{c)}, the viewing
angle luminance ratios .(oblique/front) of the R, G and B
pixels are 1.48, 1.76 and 3.63, respectively.

[GO64] In that case, the RGB luminance ratio {the
luminance ratic between pixels) relative to the highest
grayscale levél color which is achieved when viewed obliquely
at 60° is R pixel:G pixel:B pixel=1.00:0.48:0.36 as shown in
FIG. 6(c). It is seen that this value shows an improvement
over R pixel:G pixel:B pixel=1.00:0.72:0.55 of FIG. 5(c).
The wvalues of the RGB luminance ratio wvariation {oblique-
front) of the G pixel and the B pixel relative tc the highest
grayscale level color are 0.0E8 and 0.22, respectively, and as
clearly seen from the comparison with the wvalues of the RGB
luminance ratico variation (obligue-front) shown in FIG. 5(c)
(0.32 and 0.40), the viewing angle dependence df the color
reproducibility 1s suppressed. In this case, Au’'v’'=0.034,
which is significantly smaller than 0.05%6 that is achieved
when the ceonventional mnulti-pixel driving 1s performed.

Thus, the 1liquid crystal display device 100A of the
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embodiment of the present invention 1s capable of reducing
the viewing angle dependence of the color reproducibility.
[0065] Although in the example described herein the color
display pixel consists ¢f R, G and B pixels, the color
display pixel may further include a vellow pixel (Ye pixel).
Alternatively, the color display pixel may include a white
pixel instead of the yellow pixzel. Further, each of the
plurality of color display pixels may include a red pizel, a
green pixel, a blue pixel, a cyan pixel, a magenta pixel, and
a yellow pixel.

[0066] According to an embodiment of the present
invention, when the color display pixel consisting of the R,
G and B pixels which has been described in the above example
is used to display the grayscale level of 180/255 in the R
pixel, 120/255 in the G pixel and 80/255 in the B pixel, the
maximum value of the RGB luminance ratio variation (cblique-
front) relative to the highest grayscale level color is 0.22.
This value is considerably smaller than the maximum value of
the RGB luminance ratic variation (obligque-front) relative to
the highest grayscale level color in the conventional multi-
pixel driving, 0.40. Ailthough, as a matter of course, it is
more preferred that the maximum value of the RGB luminance
ratio wvariation (oblique-front) relative to the highest
grayscale level coleor has a smaller value, the effect of

raeducing the viewing angle dependence of the color
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reproducibility is achieved sc long as it is smaller than the
maximum value of the RGB luminance ratio variatiocn (ohlique-
front}) relative to the highest gravscale level ceclor in the
conventional multi-pixel driving. It is preferred that the
maximum value of the RGB luminance ratic variation {obligue-
front) relative to the highest grayscale level color is not
more than 0.25.

(CC67] Generalizing the above discussion into a case where
the coclor display pixel includes m pixels, the following
description is possible. Here, an arbitrary one of the color
display pixels includes m pixels, from the 15t pixel to the
mth pixel, where m is an integer which is not less than 3.
The grayscale levels which are to be exhibited by the 1s¢
pixel to the m't pixel are the 1% grayscale level GL1 to the
mth grayscale level GLm. The luminances at the front viewing
angle of the 1% pixel tc the m*h pixel achieved when tThe 1s¢
pixel to the mt? pixel exhibit the 1%t grayscale level GL1 to
the w'"™ grayscale level GLm which are ndrmalized, on the
assumption that the luminance at the front wviewing angle
achieved when the highest grayscale level is exhibited 1is 1
are tThe 1%t frontal normalized luminance NL1 to the mth
frontal normalized luminance  NLi, respectively. The
luminances at the obligue 60° viewing angle of the 15t pixel
to the mth pixel which are normalized on the assumption that

the luminance at the oblique 60° viewing angle achieved when



the highest grayscale level 1s exhibited is 1 are the 1st
obligue viewing angle normalized luminance IL1 to the m®™
oblique viewing angle normalized luminance ILm, respectively.
In this case, according to an embodiment, the control circuit
15 is configured to generate the first display signal voltage
and the second display signal voltage that are to be supplied
to the first sub-pixel and the second sub-pixel of each of
the 19 pixel to the m® pixel such that the maximum value of
the difference between the frontal luminance ratios between
pixels which are obtained by normalizing the 13t frontal
normalized luminance NL1 to the m*® frontal normalized
luminance NLm with respect to the highest one of the 18t
frontal normalized  Jluminance NL1 to the m*h™ frontal
normalized luminance Nim and the obligue 60° Jluminance ratiocs
between pixels which are obtained by normalizing the 1s°F
obligque viewing angle normalized luminance IL1 to the mth
obligque viewing angle normalized luminance IILm with respect
to the highest one of the 1st oblique viewing angle
normalized luminance ILI to the m* obligque viewing angle
normalized luminance ILm is not more than 0.25.

[0C68] Next, connections of tThe pixel P and sub-pixels
SP1l, S8P2 with the first source bhus line 8A and the second
source bus line 8B in the liguid c¢rystal display panel 10A
and the waveforms of the first display signal voltage and the

second display signal voltage that are supplied to the first
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source bus line SA and the second source bug line 8B,
respectively, are described with reference to FIG. 2 and FIG.
7.

[0069] As shown in FIG. 2, the first source bus line SA
and the second scurce bus line 8B extend in the column
direction. In each of the plurality of pixels P, the Ffirst
sub-pixel SP1L and fLhe second sub-pixel 8P2 are arranged in
the column direction. As described above, some of the pixels
P arranged in the column direction are to exhibit the same
color. Twe sub-pixels which belong to two pixels P adjacent
to each other in the column direction and which are
electrically connected to the first source bus line SA are
adjacent to each other in the column direction. For example,
the sub-pixel 8P1 of the pixel P(m, n) and the sub-pixel SP2
of the pixel P{m+l, n) are both electrically connected tc the
first source bus line S8A via the first TFT Tl and are
adjacent to each other.

r0070] FIG. 7 shows an example of the waveforms of the
first display signal veoltage supplied from the first source
bus line S8A and the second display signal voltage supplied
from the second source bus line 8B.

{00711 As shown 1in FIG. 7, the polarity of the first
display signal voltage supplied from the first source bus
iine SA and the polarity of the second display signal voltage

supplied from the second scurce bus line SB are each constant

39



within a frame. The polarity of the first display signal
voltage supplied from the first source bus line 8A and the
polarity of the second display signal voltage supplisd from
The second scurg¢e bus line SB are oppoesite to each other in a
frame. Here, the “frame” means a period between selection of
a gate bus line (scan line} and the next selection of the

AAY

same gate bus line, and is also sometimes referred to as “one
vertical scan period”. The polarity of the first display
signal voltage and the polarity of the second display signal
voltage are inverted every frame or every two or more frames.
Inversion of the polarity with intervals which are equal to
or longer than the frame period can be appropriately set such
that a DC voltage is not applied across the ligquid crystal
layer in a long drive operaticon. |

[0072] When the first and second display signal voltages
shown in FIG. 7 are supplied to the liguid crystal display
panel 10A that has the configuration shown in FIG. 2, the
interval of pelarity inversion of the display signal voltages
is one frame, and dot inversion 1s realized in every frame.
Therefore, the display gquality can be improved while the
power consumpticn 1s suppressed. In this case, for example,
when pixels of one pixel column exhibit an intermediate
grayscale level and a grayscale level difference bhetween sub-

pixels 1s given to form bright sub-pixels and dark sub-

pixels, bright sub-pixels which are electrically connected to
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the first source bus line S8A and bright sub-pixels which are
electrically connected tTo the second source bus line SB
alternately occur in Lhe pixel column.

(00731 In this case, the first display signal voltage and
the second display signal veltage are oscillating veltages
whose amplitudes vary every horizontal scan period (scometimes
referred to as “1H"). The period of the oscillation is 2H.
That is, in each of the first display signal voltage and the
second display signal voltage, the amplitude for the bright
sub-pixel and the amplitude for the dark sub-pixel occur
alternately every horizontal scan period. Note that the
largeness {(amplitude) of a display signal voltage refers to a
largeness (amplitude) of the display signal voltage measured
relative to the counter voltage (also referred to as “common
voltage”). Note that one horizontal scan period refers to
the difference (pericd) between a time of selection of one

gate bus line f{(e.g., m*® gate Dbus line}) and a time of

selection of the next gate bus line [(e.g., m+1*® gate bus
line).
(00747 FIGS. 8B(a) to B(c) snhow examples of the waveforms

of the first and second display signal vceltages suppiied to
two sub-pixels included in the R, G and B pixels.

[0075] In the liguid crystal display device 100A of the
embodiment of the present invention, as described above, the

first sub-pixel 8SP1 of each pixel P is supplied with the
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first display signal voltage from the first source bus line
SA, and the second sub-pixel 8P2 is supplied with the second
display signal voltage from the second source bus line SB.
The first display signal voltage and the second display
signal voltage are supplied from the two source bus lines SA
and 8B that are electrically independent of each other and
are therefore arbitrary veocltages. Thus, the first display
signal voltage and the seccond display signal voltage supplied
to the first sub-pixel SPl1 and the second sub-pixel SP2 of
the R, G and B pixels which constitute one color display
pixel can be freely set as shcown in FIGS. 8(a) to B{c}.

[0076] Next, whether or not the viewing angle dependence
of the color reproducibility can be reduced by determining
the first and second disgplay signal voltages for each of the
pixels {(e.g., the R, G and B pixels) 1is described with
reference to FIG. 9 and FIG. 10.

[00G77] FIG. 9 is a graph showing the relaticonship between
the combinations of whether or not the multi-pixel driving is
performed on R, G and B pixels and the viewing angle
dependence of the color reproducibility in the case where a
skin ceclor is displaved using the R, G and B pixels.

[G078] Here, the skin color refers to such a color that,
as described 1in Patent Document 2, the ranges of the
grayscale level of the R, G and B pixels {from minimum to

maximum) are from 105 to 255 for the R pixrel, from 52 to 223
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for the G pixel, and from 44 to 217 for the B pixel, and
meanwhile, the grayscale levels of the three primary colors
satisfy the relationship of R pixel>G pixel>B pixel. As for
the color reproducibility of the display device, ithe memory
colors are regarded as important. Since an image displayved
cn the display device cannot pe directly compared with an
actual object in almost all the «cases, the relationship
between the displaved image and an image in viewer’'s memory
is important. For the display devices fcor television
applications, the skin cclor 1is regarded as particularly
important among the memory colors.

[0079] In the example shown in FIG. 9, a skin color is
displayed of which the grayscale levels to be displaved by
the R, G and B pizels are 88/255, 61/255 and 39/255. In FIG.

9, “A” shown under the horizontal axis means that “the multi-

pixel driving is not performed”. In this case, two sub-
pixels exhibit the same grayscale level. “B” means that “the
multi-pixel driving is performed”. In this case, the

grayscale level difference between the first sub-pixel and
the second sub-pixel is set to the maximum. In FIG. 9, the
vertical axis represents the wvalue of the difference between
a color perceived when viewed at the front viewing angle and
a color perceived when viewed at the 60° obligus viewing
angle (color difference), which i1s expressed by the distance

(pa’v") between the u'v’ coordinates 1n the CIE1976 UCS
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chromaticity diagram.

(00807 As seen from FIG. 9, among the combinations of No.
1 to No. 8, the color difference of No. 4 where “the multi-
pixel driving is not performed” on the R pixel while “the
multi-pizel driving is performed” on the G pixel and the B

pixel (which is the same as the example of FIG. 6) is less

than 0.03, i.e., smaller than those of the other
combinations.
[00811 In the case where the color display pixel includes

m pixels, from the 15t pixel to the mth pixel {m is an integer
which is not less than 3), the grayscale levels which are fto
be exhibited by the 15t pixel to the m®™ pixel are the 1st
grayscale level GL1 to the m*™® grayscale level GLm,
respectively, and the 1t grayscale level GL1 to the mth
grayscale level GLm include at least two different grayscale
levels, the control circuit 15A of an embodiment is
configured to generate voltages which have egual absolute
values as the first display signal voltage and the second
display signal v§1tage respectively supplied to the first
sub-pixel and the second sub-pixel of a pixel which 1s 1o
exhibit a grayscale level of the largest value among the 18t
grayscale level GL1 to the nm'™ grayscale level GLm. The
thus-configured control circuit 15A can improve the viewing
angle dependence of the ceolor reproducibility of intermediate

tones including the above-described skin color (exclusive of
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achromatic colors).

(o082} FIG. 10 is a graph showing the relationship between
The combinations of whether or not the multi-pixel driving is
perfoermed c¢on R, G and B pixels and the viewing angle
dependence of the color reproduciblility in the case where the
R, G and B pixels ;re used to exhibit an achromatic
intermediate tone (gray). When the achromatic intermediate
tone is coleored, 1t gives a viewer a sense of incongruity,
and therefore, suppressing celoring of the achromatic
intermediate tone is important in terms of the color
repreducibility.

[0083] In the example shown in FIG. 10, an achromatic
intermediate tone 1s displayed of which the grayscale levels
Lo be exhibited by the R, G and B pixels are 135/255,
135/255, and 135/255.

[0084] As seen from FIG. 10, among the combinations of No,
1 to No. 8, the color difference of No. 5 where “the multi-
pixel driving is performed” on the R pixel while “the multi-
pixel driving is not performed” on the G pixel and the B
pixel is less than 0.02, i.e., smaller than those of the
other combinations.

[0085] In the case where the colcor display pixel includes
m pixels, from the 1%' pixel to the m™ pixel (m is an integer
which is not less than 3), including a blue pixel and a green

pixel, the highest and lowest grayscale levels among the
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grayscale levels which are to be exhibited by the 15t pixel
o the m*™ pixel are GLmax and Glmin, respectively, and the
value of GLmax/GLmin is in the range of not less than 0.95
and not wmore than 1.05, the control circuit 15A of an
embodiment 1is configured to generate voltages which have
equal absolute values as the first display signal voltage and
the second display signal veltage supplied to the first sub-
pixel and the second sub-pixel of the blue pixel and the
green pixel. For example, when the value of Glmax/Glmin is
in the range of not less than 0.95 and not more than 1.05,
the color exhibited by the color display pixel is close to
the achromatic intermediate tone, and therefeore, the viewing
angle dependence of the color reproducibility can be reduced
by the above-described control circuit.

[00863 As described in the above example, it is preferred
that the difference between the abscolute values of the first
display signal veltage and the second display signal voltage
respectively supplied to the first sub-pixel and the second
sub-pixel of a pixel on which “the multi-pixel driving is
performed” is the maximum, although tThe present invention is
not limited to this example. It may be appropriately changed
according to the vy characteristic of the liquid crystal
display panel.

[0087] Next, examples of the look-up table used for

generation of display signal voltages which are toc be
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supplied to ifwo sub-pixels in the control circuit 1BA are
described with reference to FIG. 11 to FIG. 13.

[0088] FIG. 11 shows a look-up table used for, for
example, the case previously described with reference Lo FIG.
9 where “the multi-pixel driving is not performed” on the R
pixel which is to exhibit the highest grayscale level while
“the multi-pixel driving is performed” on the G pixel and the
B pixel.

10089] For example, as shown in FIG. 11(a}, when thé R
pixel is at the grayscale level of 0, the R pixel cannct be
at the highest grayscale level. Therefore, a look-up table
which 1is the same as a conventional one may be used. Note
that numerical values are omitted from the drawing.

roce0] As shown in FIG. 11(b), for example, when the R
pixel exhibilts the grayscale level of 180/253, the G pixel
exhibits the grayscale level of 120/255, and the B pixel
exhibits the grayscale level of 80/255 lcorresponding to a
skin color), “the multi-pixel driving is not performed” on
the R pixel and the R pixel exhibits the grayscale level of
180/255, while the grayscale level difference is given such
that the maximum grayscale level difference 1is achieved in
each of the G pixel and the B pixel.

(00913 When the R pixel exhibits the grayscale level of
255/255, numerical values are given to the look-up table

shown 1n FIG. 11(ec) such that the maximum grayscale level



difference bpetween sub-pixels is achieved in each of the G

pixel and the B pixel at all the grayscale levels except for

0 and 255. Note that numerical values are omitted from the
drawing.
{00927 A look-up table for a case where the pixel which is

to exhibit the highest grayscale level is the G pixel and a
look-up table for a case where the pixel which is to exhibit
the highest grayscale level 1is the B pixel are prepared
likewise as in FIG. 11 and are stored in, for example, a
memory included in the primary color bright/dark division
control circuits 22R, 226G and 22B shown in FIG. 1.

[0093] FIG. 12 shows another example of the look-up table
used for generation of display signal voltages supplied to
two sub-pixels in a ligquid crystal display device of an
embodiment of the present invention.

[00847 A look-up teble in which combinations of output
grayscale levels for each of the color pixels correspond to
input grayscale levels as shown in FIG. 12 may also be used.
[0085] For example, when all of the R, G and B pixels
exhibit the grayscale level of 135/255 as shown in FIG. 10,
“the multi-pixel driving is performed” only on the R pixel.
0096 In the case where a skin color is displayed such
that the R, G and B pixels are at the grayscale levels of
180/255, 120/255 and 80/255, respectively, “the multi-pixel

driving is not performed” on the R pixel while “the multi-
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pixel driving is performed” on the G pixel and the B pixel.
[0097] Although 1in the above-described example a single
color display pixel consists of R, G and B pixels, the color
display pizxel may further include a Ye pixel (vellow pixel)
as shown in FIG. 13. As a matter of course, the color
display pixel may include a white pixel instead of the yellow
pixel. Further, the coclor display pixel may include a red
pixel, a green pixel, a blue pixel, a cvan pixel, a magenta
pixel, and a vyellow pixel. Numerical values which are to be
inserted in blank boxes of FIG. 13 are set so as to satisfy
the above-described conditions.

{00981 (Repairing of disconnection of source bus line of
liguid crystal display device of source direct multi-pixel
type)

As described in the above example, employing the source
direct multi-pixel <{ype enables reducticon of the viewing
angle dependence cof the color reproducibility. However, when
a display signal voltage supplied to a scurce bus line has an
oscillatecry waveform as in the liguld crystal display device
of the above-described example, repairing with the use of a
spare wire as will be described with reference to PFIG. 14
leads to a dull oscillatory waveform of the display signal
voltage, and as a result, desired display cannot be achieved
in some cases. Here, the above-described liguid crystal

display device which is capable of reducing the viewing angle
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dependence of the color reproducibility 1s considered as an
example where the display signal voltage has an oscillatory
waveform, although a lLiguid crystal display device of the
source direct multi-pixel type which is capable of repairing
disconnection of the socurce bus line, which will be described
below, is not limited to this example.

[0099] In a liguid crystal display device 200 of the
conventional source direct multi-pixel type, 1if a display
signal wvcltage supplied te a source bus line has an
cscillatory waveform (an oscillatory waveform which has a
particularly short oscillation period, for example, an
oscillatory waveform whose oscillation period is nect more
than two horizontal scan pericds (2H)), repairing with the
use of a spare wire 1is difficult. The reasons for the
difficulty are first described with reference to FIG. 14.
[0100] For example, as described in Patent Document 3
identified above, a method of repairing disconnection cf the
source bus line with the use of a spare wire provided around
a display region {a region in which a plurality of pixels are
arranged) has been known. Specifically, as shown in FIG. 14,
a disconnected source bus line 8X is connected to a spare
wire ALl at two positions 8Xtl and 8Xt2, whereby supply of a
display signal voltage to the disconnected position 8Xe of
the source bus line 8X is enabled. For example, the spare

wire ALl intersects with the source bus line 8X wvia an
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insulating layer interpcsed therebetween. By breaking this
insulating layer at the two positions SXtl and SXt2, the
spare wire ALl and the source bus line SX are electrically
connected fo each other. There are variocus other examples of
the disconnection repairing method with the use of a spare
wire which have already been developed (see, for example,
Japanese Laid-Cpen Patent Publications Nos. 5-58%6 and 2010~
2714135 .

[0101] In a liguid crystal display device of the source
direct multi-pixel type, the display signal voltage has an
oscillatory waveform and its period is, for example, two
horizontal scan periods (2ZH} as 1in the above-described
example. That is, the amplitude varies every horizontal scan
period. Accordingly, a display signal voltage which has a
predetermined oscillatory waveform is supplied because the
connecting position SXtl cof the source bus line SX is near a
source driver (not shown} as shown in FIG. 14. On the cther
hand, at the connecting position 8Xt2, the display signal
voltage is supplied via the spare wire ALl that is arranged
s0o as to detour around outside the displilay region, so that
the oscillatory wavefcrm of the display signal voltage 1is
dull as shown in FIG. 14. That is, since the spare wire ALl
is long, CR {(capacitancexresistance) of the spare wire ALl is
large, and as a vresult, the oscillatory waveform of the

display signal wvoltage at the connecting poesition SXt2 is
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dull. Due to the dull oscillatory waveform, the effective
voltage wvalue of the display signal veoltage decreases or
increases so that desired display cannot be achieved.

[0102] FIG. 15 shows a liguid crystal display device 100B
of the present embodiment. The ligquid crystal display device
1008 has the function of repaliring disconnection of a source
bus line in addition to the previously-described JIiguid
crystal display device 100A.

(01031 The liguid crystal display device 100B includes a
iigquid crystal display panel 10B which has a plurality of
pixels P arranged in a matrix of rows and columns and a
contrel circuit 15B configured to receive input display
signals that are indicative of grayscale levels which are to
be exhibited by the plurality of pixels P and supply display
signal vcltages to respective cones of the plurality of pixels
P. A part or the entirety of the control circuit 15B may be
formed integrally with the liquid crystal display panel 10B.
101047 The liguid crystal display panel 10B is configured
in the same way as the liquid crystal display panel 10A as
follows. Each of the pixels P includes a first sub-pixel SP1
and a second sub-pixel 8SP2. The first sub-pixel S8SP1 is
supplied with a first display signal voltage from the first
source bus line B8SA. The second sub-pixel 8P2 is supplied
with a second display signal voltage from the second source

bus line SB. The first display signal voltage and the second
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display signal voltage can be arbitrary voltages because they
are supplied from two source pbus lines SA and SB which are
electrically independent of each other.

101051 The liquid crystal display panel 10B further
includes a spare wire ALl which is arranged so as to detour
around cutside the display region. The spare wire ALL 1is
configured so as to Dbe electrically connectable to an
arbitrary source Dbus line. FIG. 15 shows an example where
the spare wire ALl is connected Lo a disconnected source bus
line SA. In the example shown in the drawing, a single spare
wire ALL is provided, although 1in general a plurality of
spare wires are provided. Since the plurality of spare wires
need to be electrically independent of one another, the area
(width} o©of a zreglon outside +the display region that is
enclesed by a dotted line in FIG. 18 (alsc referred toc as
“frame region”) increases as the number of the spare wires
increases. Therefore, to avold an unnecessarily large frame
region, the number of the spare wires is set in consideration
of the number of source bus lines which need repairing {the
rate of incidence of disconnection}), or the like. For
example, the number of the spare wires is from five to ten.
[0106] Whenn the first source bus line SA or the second
source bus line SB which is associated with pixels of one
column is electrically connected with the spare wire ALL, the

control circuit 18B of the ligquid crystal display device 100B
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is capable of controlling the amplitude of the oscillation of
the first display signal voitage and the second display
signal voltage which are to be output to the first source bus
line SA and the second source bus line 8B asscoclated with the
pixels o©of the column (sometimes referred to as “source bus
line pair”) so as to be smaller than that achieved when the
first source bus line 8A or the second source bus line SB
asscciated with the pixels is not electrically connected with
the spare wire ALL. By decreasing the amplitude of the
oscillation of the first display signal voltage and the
second display signal voltage, the dullness o¢f the
ogciliatory waveform due to the spare wire is reduced. In
this case, the absoclute wvalues of the amplitudes of the
cscillation of the first display signal voltage and the
second display signal voltage are controlled to be egual to
2ach other, for example. Typically, the amplitudes of the
oscillation of the first display signal voltage and the
second display signal voltage are zero. That is, the multi-
pixel driving is not performed on a source hus line pair
which includes a repailred source bus line.

[6107] FPor example, the control circuit 15B shown in FIG.
15 includes two bright/dark division control circuits 20A and
20B and a source bus line designation circuit 24. The
bright/dark division contrel circuit 20A includes primary

color bright/dark division control circuits 22RA, 22GA and



22BA [or respective ones of the primary colors (here, for
respective cnes of R, G and B}. The bright/dark division
control circuit 20B also includes primary color bricght/dark
division control circuits 22RB, 22GB and 22BB for respective
ones of the primary colors. The control circuit 15B also
includes a timing control circuit, a gate bus line (scan
line} driving circuit, a source bus line (signal line)
driving circuit, etc., as does the control c¢ircuit 15A,

although these components are herein omitted for the sake of

simplicity.
(0108} The bright/dark division control circuit 20A has
substantially the same configuration, and carries out

substantially the same operation, as the bright/dark division
control circuit 20 of the liquid crystal display device 100A.
The bright/dark division control circuit 20B is configured to
output the first display signal voltage and the second
display signal voltage respectively to a first source bus
line 8A and a second source bus line 8B designated by the
source bus line designation circuit 24. The amplitudes of
the oscillation of the first display signal voltage and the
second display signal voltage generated by and output from
the bright/dark division control circuit 20B are smaller than
the amplitudes of the oscillation of the first display signal
veltage and the second display signal voltage generated by

and output from the bright/dark division control circuit 20A.



This relationship preferably holds ftrue at an arbitrary
intermediate grayscale level {exclusive ©f the lowest

grayscale level and the highest grayscale level} of an input

display signal, althcugh this is not necessarily
indispensable.
[0109] Assume now that, for example, in the process of

manufacturing the liquid crystal display panel 108,
disconnection occurs 1in a first source bus line 8A or a
second source bus line SB which is associated with pixels of
a column, and the disconnection is repaired using the spare
wire ALL. In this case, as a result of the repairing with
the use c¢f the spare wire ALl, information that specifies the
first source pus line SA or the second source bus line SB
which 1is electrically connected to the spare wire ALl is
written in the source bus line designation circuit 24.
Information that specifies both the source bus line (8A or
8B) electrically connected to the spare wire ALl and a source
bus line (SB or 8A) which 1s assocliated with the same pixels
{i.e., source bus line pair) may be written in the source bus
line designation circuit 24. The source bus line designation
clircuit 24 designates, based on the written information, a
source bus line pair to which the bright/dark division
control circuit 20B 1is to output the first display signal
voltage and the second display signal veoltage. To the other

source bus lines than the source bus line pair designated by



the scurce bus line designation circuit 24, the first display
signal voltage and the second display signal voltage are
output from the bright/dark division control circuit 20A.
(0110} That 1is, the two Dbright/dark divisicn control
circuits 20A and 20B of the control circuit 15B are capable
of generating the fifst display signa; voltages and the
second display signal voltages which have different
amplitudes for the same input display signal. Typically, the
amplitudes of the oscillation of the first display signal
voltage and the second display signal voltage output to a
source bus line pair including a repaired source bus line,
which 1is designated by the source bus line designation
circult 24, are zero.

[0111] Note that as described above as to the liquid
crystal display device 100A of the previous embodiment, for
example, in the case where the color display pixel consisting
of the R, G and B pixels exhibits a skin color, the multi-
pixel driving is not performed cn the R pixel. Therefore,
even when disconnection occurs in at Jleast one of a source
bus line pair associated with the R pixel and the
disconnection is repaired using the spare wire ALl, the first
display signal voltage and the second display signal voltage
output to the scurce bus line pailr associated with the R
pixel would not vary. That 1s, the first display signal

voltage and the second display signal voltage output from the
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bright/dark division control circuit 20A and the first
display signal voltage and the second display signal voltage
output from the bright/dark division control circuit 20B may
be equal in some cases.

(0112] Examples of the waveforms of the first display
signal voltage output to the first source bus line SA and the
second display signal voltage output to the second source bus
line SB from the bright/dark division contreol circuit 20A and
the bright/dark division control circulit 20B are described
with reference to FIG. 16. FIG. 16(a) shows an example of
the waveforms of the first display signal voltage SAl output
from a bright/dark division control circuit 20A to the first
source bus line SA and the second display signal voltage SB1
cutput from the bright/dark division control circuit 20A o
the second source bus line S8B. FIG. 16(b} shows an example
of the waveforms of the first display signal voltage SAZ
output from a bright/dark division control circuit 20B to the
first scurce bus line 8A and the second display signal
voltage SBZ output from the bright/dark division control
circuit 20B to the second source bus line SB.

[0113] The waveforms of the first display signal voltage
SA1 and the second display signal voltage SB1 shown in FIG.
16(a) are equal tc the waveforms of the first display signal
veoltage and the second display signal veltage shown in FIG.

7. The polarity of the first display signal veoltage SAl
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supplied from the first source bus l1ine SA and the polarity
of the second display signal wvoltage SBl supplied from the
second source bus line 8B are each constant within a frame.
The polarity of the first display signal voltage SAL supplied
from the first source bus line SA& and the polarity of the
second display signal voltage SBl supplied from the second
source bus line SB are opposite to esach other in a frame.
03147 Thus, as previocusly described with reference to
FiG. 7, when the first display signal voltage SAl and the
second display signal voltage SB1 shown in FIG. 16(a) are
supplied to the liguid crystal display panel 10B (see FIG.
15) in which pixels and sub-pixels are arranged in the same
way as in the liguid crystal display panel 10A shown in FIG.
2, the interval of polarity inversion of the display signal
voltage is one frame, and dot inversion is realized in every
frame. Therefore, the display quality can be improved while
the power consumptilon is suppressed.

[0115] In this case, for example, when pixels of one pixel
column exhibit an intermediate grayscale level and a
grayscale level difference between sub-pixels 1s gilven to
form bright sub-pixels and dark sub-pixels, bright sub-pixels
which are electrically connected to the first source bus line
SA and bright sub-pixels which are electrically connected to
the second source bus line 8B alternately occur in the pixel

column. The first display signal voltage and the second



display signal voltage are oscillating voltages —whose
amplitudes vary every horizontal scan period (1H). The
period of the o¢oscillation is Z2H. That is, 1in each of the
first display signal voltage and the second display signal
voltage, the amplitude for the bright sub-pizxel  and the
amplitude for the dark sub-pixel occur alternately every
herizontal scan period.

i011i6] When one of the source bus line pair (the source
bus lines S8A and SB} to which the first display signal
voltage SAl and the second display signal voltage SB1 which
have the waveforms shown in FIG. 16(a) are to be output is
disconnected and the disconnection is repaired using the
spare wire ALl, the first display signal voltage SAZ and the
second display signal voltage SB2 that have the waveforms
shown in FIG. 16(b} are supplied instead of the first display
signal voltage SAl and the second display signal voltage SBL
shown 1in FIG. 16(a). That is, instead of the first and
second display signal voltages output from the bright/dark
division control circuit 20A, the first and second display
signal voltages output from the bright/dark division control
circuit 20B are output to the source bus line pair.

[0117] The ampiitude of the oscillation of each of the
first display signal voltage SA2 and the second display
signal voltage SBZ shown in FIG. 16(b) is =zero. Therefore,

the multi-pixel driving is not performed on a pixel column

&0



which is associated with the repaired source bus line. Here,
the largeness of the first display signal voltage SAZ of FIG.
16(b) (VAZ(+}) 1s egual to the time average of the largeness
of the first display signal voltage SA1 of FIG. 16{(a)
(VAL (+})}. The largeness of the second display signal voltage
5BZ2 of FIG. 16(b) (VBZ{(-)) 1s equal to the time average of
the largeness of the second display signal voltage SB1 of
FIG. 16(a) (VBL(-})).

[0118] As described above as to the liguid crystal display
device 100A of the previcus embodiment with reference to FIG.
3, maximizing the grayscale level difference between sub-
pixels in the multi-pixel driving is preferred. The first
display signal wvoltage and the second display signal voltage
which have equal voltage values to the time averages of the
first display signal wvoltage and the second display signal
voltage that have oscillatory waveforms for the multi-pizel
driving (for example, the first display signal wvoltage SAlL
and the second display signal voltage SB1l of FIG. 16{a)) and
which do not oscillate (which are DC voltages for at least
cne frame period), for example, the first display signal
veltage SAZ and the second display signal voltage SB2 of FIG.
16(kb}, are set so as Lo have a grayscale level-luminance
characteristic represented by a chain dot line in FIG. 17,
for example. The grayscale level Vs. luminance

characteristic represented by a chain dot iine in FIG. 17 is
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a characteristic obtained by Jjust averaging (halving) the
grayscale level wvs. luminance characteristic of the bright
sub-pixel {(sclid line) and the grayscale level wvs. luminance
characteristic of the dark sub-pixel (broken line}.

0119} As will be described in the following section with
reference to FIG. 18 to FIG. 20, it is preferred that the
first and second display signal voltages output to a source
bus line pair which includes a source bus line repaired with
the use of the spare wire ALl have non-oscillatory waveforms
(the amplitudes of the oscilliation of the first and second
display signal voltages are zeroc).

(01201 As shown in FIG. 18, among three source bus lines
SX1, SX2 and S8X3 which are associated with different pixel
columns, the source bus line 8X1 has a disconnection at a
position SXle, and the source bus line SX3 has a
disconnection at & position 8X3ec. The source bus line SX1 is
electrically connected to a spare wire AL at Lwo positions
SX1ltl and SXlt2, whereby the disconnection is repaired. In
the source bus line 8X3 also, the disconnection is repaired
likewise using a spare wire ALZ.

[0121] Here, the scurce bus lines §X1, 8¥2 and S¥X3 are
first source bus lines 8A which are asscocliated with three
different pixel columns. The other source bus lines of
source bus line pairs that include the source bus lines 8X1,

8¥2 and 8X3 are second source bus lines S8B. The display
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signal voltage supplied via the second source bus lines SB
has an oscillatory waveform which 1s equal to the display
signal voltage SBZ shown in FIG. 16(b), for example, and the
multi-pixel driving is performed on the pixel columns with
which they are associated. Alsc, the three different pixel
columns with which the source bus lines 8X1, 8SX2 and S8SX3 are
associated are to exhibit the same intermediate grayscale
level.

(01223 FIGS. 19{(a) to 19(d) show the voltage waveforms at
points Al to A4 on the source bus line 8X1 and at points Bl
to B4 on the source bus line 8X2 shown in FIG. 18. Here,
problems are described which occur when a display signal
voltage that has the same oscillatory waveform as that
supplied to a normal socurce bus line is supplied as the
display signal voltage to a source bus line 8X1 in which
disconnection is repaired with the use of Tthe spare wire ALL.
[(0123] As shown in FIG. 19(a), a display signal voltage
which has a predetermined oscillatory waveform is supplied to
both point Al on the disconnection-repaired source bus line
SX1 and point Bl on the normal source bus line SX2.

10124} In comparison, as shown in FIGS. 19(b} to 19(d},
the dullness of the coscillatory waveforms at point A2 through
point A4 on the disconnection-repaired source bus line SXI1
are 1lncreases as Tthe length of the transmission path of the

displa signal voltage increases. The oscillatory waveforms
Y g Y
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at point B2 through point B4 on the normal scurce bus line
8X2 are somewhat dull due to CR of the source bus line 8X2,
the pixels, etc., but the predetermined oscillatory waveform
is maintained.

(0125] As seen from FIGS. 19(c) and 19(d), the amplitude
of the display signal voltage on the disconnection-repaired
source bus line B8X1 1s smaller than that of the display
signal voltage on the normal source bus line B8X2. As a
result, the voltage which is to be supplied to the bright
sub~-pixels of a pizel column asscociated with the
disceonnection—repaired source bus line 8X1 decreases by AVgen,
and the wvoltage which is to be supplied to the dark sub-
pixels of the pixel column increases by 4Vsep. The magnitude
of the decrease and increase of these voltages depends on the
length (CR} of the transmission path of the display signal.
Thus, so long as the display signal voltage has an
oscillatory waveform, the degree of the dullness of the
cscillatory waveform varies depending on the position cof the
pixel ({(the length o¢f the transmission path), and therefore,
AVsen and AVsep cannoct be zero in all of the pixels.

[0126] When a source bus line at a position close 1o a
spare wire AL2 is electrically connected to the spare wire
ALZ as 1s the source bus line 8X3, the length of the
transmission path increased due to that connection is much

smaller than that obtained when the source bus line 8X1 is
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electrically connected to the spare wire ALl. Therefore, the
dullness of the.oscillatory waveform of the display signal
voltage in the source bus line 8X3 is much smaller than the
dullness of the oscillatory waveform of the display signal
volitage in the source bus line S8SX1. Thus, the degree of the
dullness of the oscillatory waveform of the display signal
voltage alse varies depending on the position on the source
bus line at which disconnection is repaired.

(01271 In view of the above, in the liquid crystal display
device 100B of the present embodiment, for example, as shown
in FIG. 20, a display signal voltage which has an oscillatory
waveform whose amplitude is Zero (DC  waveform, non-
oscillatory waveform) is supplied to the disconnection-
repaired scurce bus line 8X1. Thus, a display signal voltage
which has the waveform shown in FIG. 20(b) can be supplied at
all of points A2 to A4, without depending on the length of
the transmission path. In this case, it is preferred that
the largeness of the display signal voltage is equal to the
time average of the oscillatory waveform of the display
signal voltage supplied to the normal socurce bus line SX2 as
shown in FIG. 20({b). Accordingly, a pixel associated with
the disconnection-repaired source bus line SX1 exhibits a
luminance equal to that exhibited by a pixel associated with
the normal source bus line. As a matter of course, in this

case, the multi-pixel driving is not performed on the pixel
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assoclated with the disconnection-repaired source bus line
SX1, and therefore, the effect of improving the viewing angle
dependence of the gamma characteristic and the color
reproducibkility is not achievéd. However, such occurs only
in a few pixel columns among a large number of pixel columns,
and it would not provide such an effect that detericrates the
display quality. Rather, the effect of preventing the pixel
column from being visually perceived as a bright lins which
would occur when the luminance 1is higher than those of the
other pixel columns and the effect of preventing the pixel
column from being visually perceived as a dark line which
would occur when the luminance is lower than those of the
other pixel cclumns are greater.

[0128] Specific examples of the operation of the
bright/dark division controel circuits 20A and 208 are
described with reference to FIG. 21.

10129} When the input grayscale levels to the R pixel, the
G pixel and the B pizel are 180/255, 120/255 and 80/255,
respectively, as snhown in FIG. 21(a), for the purpose of
reducing the viewing angle dependence o©f the color
reproducibility, the bright/dark division control circuit 20A
generates and outputs the display signal wvoltage such that
the multi-pixel driving is not performed on the R pixel while
the grayscale level difference Dbetween sub-pixels 1is the

maximum in the other two pixels, as does the bright/dark
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division control circuit 20 of the liquid crystal display
device 100A of the previous embodiment.

[0130] On the other hand, the bright/dark division control
circuit 20B of the liquid crystal display device 100B of the
present embodiment is capable o©of generating and outputting
the display signal wvoltage such that, for a disconnection-
repaired source bus line, the multi-pixel driving 1s not
performed irrespective of the color of the pixel {the
grayscale level difference Dbetween sub-pixels is zero) as
shown in FIG. 21 (b}.

[0131] The Dbright/dark division control circuit 20B is
capable of generating and outputting the display signal
voltage such that the multi-pixel driving is not performed
when the disconnection-repaired source bus line is assocciated
with the R pixel and the grayscale level difference between
sub-pixels is reduced when the diséonnection—repaired-source
bus line 1is associated with the G pixel or the B pixel as
shown in FIG. 21(c).

[0132] Neote that, whether to use an oscillatory waveform
which has a small amplitude or a non-ocscillatory waveform {(an
oscillatory waveform whose amplitude is zero) as the display
signal voltage which is tc be cutput to a source bus line
pair which includes a repaired source bus line may be
determined depending on the color to be displayed. Here,

“depending on the color to be displayed” means considering
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the relationship between the color which is to be displayed
in a region including a pixel column associated with the
repaired source bus line and the color which is toc be
displayed by the pixel column assoclated with the repaired
source bus line. When a shift in luminance in the pixel
column asscciated with the repaired scurce bus line is
conspicuous, using a non-oscillatory waveform as the display
signal voltage which is to be output to the source bus line
pair which includes the repaired source bus line 1is
preferred.

[0133] For example, the grayscale level of a éixel
associated with the repaired source bus line and the
grayscale levels of two neighborhood pixels at opposite sides
of that pixel are compared. When the grayscale level of the
pixel associated with the repaired source bus line is higher
than the grayscale levels of the two neighborhoed pixels, a
non-oscillatory waveform may be uéed. In the case where the
pixel assocliated with the repaired source bus line is a G
pixel, the two neighborhood pixels are R and B pixels, these
pixels constitute a sequence of a color display pixel, and
the entirety of the display region displays an intermediate
tone of green (for example, the grayscale level of the G
pixel 1is 1006/255 and the grayscale level of the R and B
pixels is 0/255), the G pixel column that is associated with

the repaired source bus line is conspicuous. In this case,
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using a non-coscillatory waveform as the display signal
voltage which is to be output to the source bus line pair
which includes the repaired source bus line is preferred.
{0134 The arrangement of pixels P and sub-pixels SP1, SP2
in the liquid crystal display device 100B is not limited to
those shown in FIG. 2 and FIG. 15. However, as shown in FIG.
2 and FIG. 15, it is preferred that two sub-pixels which
belong to two pixels adjacent to each other in the column
direction and which are electrically connected to one source
bus line are adiacent to each cother in the column direction.
The reascns for this preferred arrangement are described with
reference to FIG. 22 and FIG. 23.

101351 FIG. 22 shows a case where disconnection in a
source bus line 8A assocciated with one pixel cclumn is
repaired. The pixels shown in IG. 22 are arranged such that
two sub-pixels which belong to two pixels adjacent to each
cther in the column direction and which are electrically
connected to one source bus line are adijacent to each other
in the column directiocn, in the same way as those shown in
FIG. 2 and FIG., 15. In other words, when discussed in terms
of the bright sub-pixels, bright sub-pixels connected to the
source bus line S8A and bright sub-pixels connected to the
source bus line 8B occur alternately in the column direction.
Therefore, gven when  the luminance of The sub~-pixels

connected to the disconnection~repaired scurce bus line SA is
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somewhat low, the wvariation in luminance is unlikely to be
visually perceived because these sub-pixels are dispersedly
arranged.

[0136] On the other hand, when bright sub-pixels connected
to the source bus line SA and bright subk-pixels connected to
the source bus line 8B are in a block arrangement asgs shown in

FIG. 23, the difference in luminance 1is more likely to be

visually perceived. Therefore, this arrangement 1is noti
preferred.
[0137] A specific example of the configuration of the

liguid crystal display panel 10A (see FIG. 2) of the ligquid
crystal display device 100A of the above-described embodiment
is described with reference to FIG. 24 and FIG. 25. FIG. 24
is schematic plan view of the liquid crystal display panel.
FIG. 25 is an equivalent circuit diagram.

[0138] A configuration corresponding to the pixels Plm, n)
of the liguid crystal display panel 10A shown in FIG. 2 is
described with reference to FIG. 24, The liquid crystal
display panel typically includes a pair of substrates and a
liguid crystal layer interposed between the pair of
substrates. One of the pair of substrates (e.g., TFT
substrate) includes a glass substrate, pilxel electrodes (sub-
pixel electrodes) provided on the glass substrate, TFTs, and
circuit elements such as wvarious bus lines. The other

substrate (e.g., color filter substrate) includes a glass
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substrate, a counter electrode (common electrode) provided on
the glass substrate, a color filter, and a black matrix. In
FiG. 24, for the sake of simplicity, among the components of
the counter substrate, only the black matrix BM is shown,
while the counter electrode, the color filter, etc., are
omitted. Bold solid lines extending along the gate bus line
and the source bus line in FI1G. 24 represent the outline of
the black matrix BM.

[0138] Pixel P(m, n) includes the first sub-pixel
electrode SPE1l and the second sub-pixel electrode 8PE2. That
is, the first sub-pixel SP1 and the second sub-pixel 8P2
shown in FIG. 2 are demarcated by the first sub-pixel
electrode SPEl and the second sub-pixel electrode 8SPE2,
respectively. The first sub-pixel electrode SPEl1 is
connected to the drain electrode of the first TFT T1 via a
drain connection wire DA. The second sub-pixel electrode
SPE2 is connected to the drain electrode of‘the second TFT T2
via a drain connection wire DB. The first TFT Tl and the
second TET TZ are switched by a scan signal supplied from a
common gate bus line G(m). In a period where the first TEFT
Tl and the second TFT T2 are kept ON by the scan signal, the
first display signal voltage and the second display signal
voltage are supplied from the first source bus line SA{(n) and
the second source bus line SB(n) to the first sub-pixel

clectrode SPEl and the second sub-pixel electrode SPEZ,
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respectively.

[0140] The liquid crystal display panel includes the first
sub-pixel electrodes S8SPEl, the second sub-pixel electrodes
SPE2, and a counter electrode (not shown} arranged to oppose
the electrodes SPEl and SPE2 via a liguid crystal layer (not
shown} . The first sub-pixel electrcdes 8SPE1l, the counter
electrode, and the liguid crystal layer 1lying between the
first sub-pixel electrodes SPEl1 and the cocunter electrode
constitute the first sub-pixels SP1. The second sub-pixel
electrodes 8SPE2, the counter electrode, and the liguid
crystal layer lying between the second sub-pixel electrodes
SPE2 and the counter electrode constitute the second sub-
pixeis SP2. 1In the equivalent circuit diagram shown in FIG.
25, the first sub~pixel electrode SPE1, the counter
electrode, and the liguid crystal layer lying between the
first sub-pixel electrode SPEl and the c¢ounter electrode
constitute the first liquid crystal capacitance SLCL. The
second sub-pixel electrode SPE2, the counter electrode, and
the liguid crystal laver lying between the second sub-pixel
electrode SPE2 and the counter electrode constitute the
second liguid crystal capacitance SLC2. The first liquid
crystal «capacitance SLC1 and the second 1liquid crystal
capacitance SLC2Z are electrically connected in parallel with
the first storage capacitance €81 and the second storage

capacitance C82, respectively. The first storage capacitance
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Csl and the second storage capacitance €82 are each
constituted of a drawn out portion of a CS bus line CS, a
drawn out portion of a drain extension wire DA or DB, and an
insuiating layer (e.g., gate insulating layer) interposed
between these portions as shown in FIG. 24.

[0141] Such a liguid crystal display panel can be
manufactured according to a known method. The type o¢f the
liguid crystal layer is not particularly limited but may be,
for example, a vertical alignment liquid crystal layer as

described above.

INDUSTRIAL APPLICABILITY

[G142] A liguid crystal display device of an embodiment of
the present invention is applicable to a wide variety of uses

in which the color reproducibility is demanded.

REFERENCE SIGNS LIST

(01433
10a, 10B liguid crystal display panel
15A, 15B control circuit

20, 20n, 20B bright/dark division control circuit

22R, 22G, 22B primary color bright/dark division control
circult

22RA, 22GA, 22BA, 22RB, 22GB, 22BB primary color bright/dark

division control circuilt
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100A, 100B liguid crystal display device
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CLAIMS

1. A liguid crystal display device, comprising:

a plurality of pixels arranged in a matrix of rows and
columns, each of the plurality of pixels including a first
sub-pixel and a second sub-pixel;

a first TFT and a second TFT which are asscciated with
each cf the plurality of pixels;

a first source bus line connected to the first sub-pixel
via the first TFT and a second source bus line connected to
the second sub-pixel via the second TFT;

a spare wire which 1is electrically connectable with the
first scurce bus line and/or the second scurce bus line; and

a control circuit configured to receive an input display
signal that is indicative of grayscale levels which are to be
exhibited by the plurality of pixels, generate a first
display signal voitage and a second display signal voltage
which are to be supplied to the first sub-pixel and the
second sub-pixel of each of the plurality of pixels, and
output the generated first and second display signal voltages
to the first source bus line and the second source bus line,
respectively,

wherein when the first source bus line or the second
source bus line which 1is associated with a pixel of one

column is electrically connected with the spare wire, the
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control circuit 1s capable of controlling amplitudes of
oscillation of the first display signal veltage and the
second display signal veltage output to the first source bus
line and the second source bus line asscciated with the pizel
of the one column so as to be smaller than that achieved when
the first scurce bus line or the second source bus line
associated with the pixel of the one c¢column 1s not

electrically connected with the spare wire.

2. The liguid crystal display device of claim 1, wherein when
the first source bus line or the second source bus line which
i3 associated with the pixel of the one c¢olumn 1is
electrically connected with the spare wire, the control
circuit is capable of controlling the amplitudes of the
oscillation of the first display signal voltage and the
second display signal voltage output to the first source bus
line and the second source bus line associated with the pixel

of the one column S0 as to be zero.

3. The liguid crystal display device of claim 1 or 2, wherein

the plurality of pixels form a plurality of color
display pixels, each of the plurality of color display pixels
including three or more pixels which exhibit different
colors, and

when Lhe first scurce bus line or the second source bus
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line which 1s associated with the pixel of the one column is
electrically <connected with the spare wire, the control
circuit is capable of changing the amplitude of the
cscillation of the first display signal voltage or the second
display signal voltage according to a color which is to be

exhibited by the pixel of the cne column.

4. The liguid crystal display device of claim 1 or 2, wherein

the plurality of pixels form a plurality of color
display pixels, each of the plurality of color display pixels
inciuding three o¢r more pixels which exhibit different
colers, and

the coeontrol circuit is capable of generating a first
display signal voltage and a second display signal veltage
that are tc be supplied to the first sub-pixel and the second
sub-pixel of an arbitrary one of the plurality of pixels
based on a grayscale level to be exhibited by the arbitrary
pixel and grayscale levels to be exhibited by two or more
remaining pixels included in a color display pixel to which
the arbitrary pixel belongs that are indicated by the input
display signal, and outputting the generated first and second
display signal voltages to the first source bus line and the

second scurce bus line, respectively.



5. The liguid crystal display device of claim 4, wherein for
one grayscale level which is to be exhibited by the arbitrary
pixel, the control circuit is capable of generating the first
display signal voltage and the second display signal voltage
that have two or more different absolute values according to
the grayscale levels to be exhibited by the twoc or more

remaining pixels.

6. The ligquid crystal display device of claim 4 or 5, wherein

the first source bus line and the second source bus line
extend in the column direction,

in each of the plurality of pixels, the first sub-pixel
and the second sub-pixel are arranged 1in the column
direction, and

a polarity of the first display signal voltage supplled
from the first source bus line and a polarity of the second
display signal voltage supplied from the second source bus

line are each constant within a frame.

7. The liguid crystal display device of claim 6, wherein the
polarity of the first display signal voltage supplied from
the first source bus line and the pelarity of the second
display signal voltage supplied from the second source bus

line are opposite to each other in a frame.
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8. The liguild crystal display device of claim 6 or 7, wherein
some of the plurality of pixels which are arranged in
the column direction are to exhibit a same color, and
two sub-pixels which belong to two pixels adijacent to
each other in the cclumn direction and which are electrically
connected to the first source bus line are adjacent to each

other in the column direction.

9. The liguid crystal display device of any of c¢laims 1 to 8,
wherein the first TFT and the second TEFT include a
semiconductor oxide laver as an active layer, the
semiconductor oxide layer including an In~Ga—ZﬁwO

semiconductor.
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