DESCRIPTION

LIQUID CRYSTAL DISPLAY DEVICE

TECHENICAL 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

[0002] Recently, vertical ealignment mode (VA mode) liguid
crystal display devices and transverse electric field mode
liguid crystal display devices (including IPS mode devices
and FFEZ mode devices) are used as liguid crystal display
devices for TV applications and the like. Note that the
transverse electiric field mode is sometimes referred to as
“IPS mode”.

[CC03] 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 TIPS

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

expressed by the angle with the normal to the display surface

(polar angle} and the azimuthal angle that represents the



azimuth in the display surface. The v characteristic of the
VA mode liguid crystal display device particularly has a
large dependence on the polar angle of the viewing direction.
That 1s, the vy characteristic that i1s acquired when viewed
from the front (in a direction normal to the display surface)
and the vy characteristic that 1s acguired when viewed in an
oblique direction are different from each other, and
therefore, the grayscale display state varies depending on
the viewing direction (polar angle).

[C004) To reduce the viewing angle dependence of the vy
characteristic in the VA mode liguid crystal display device,
a liguid 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 brightnesses. 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 %o the minimum
unit of display of esach primary coleor (typically, R, G, or B)
and 1s sometimes referred to as “dot”.

[0005] 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 be



applied across the liquid 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 twoe 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).
{oooe] The multi-pixel configuration is alsc 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, 1in a liguid crystal display
device shown in Fig. 12 of Patent Document 1, two sub-pixels
of each pixel are supplied with eqgual display signal
voltages. Here, as shown in Fig. 12, each sub-pixel has a
storage capacitance, and a storage capacltance counter
electrode (connected toe the C8 bus line) which forms the
storage capacitance 1is electrically independent 1in each sub-

pixel. The wvoltage supplied to the storage capacitance



counter electrode (“storage capacitance counter voltage”) is
changed after the TFT 1s switched from ON to OFF, whereby
effective voltages applied‘across the ligquid crystal layer of
the two sub-pixels are made different from each other with
the utilization of capacitance dividing. Here, this type is
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 compared with the scurce direct type. In the case
where each pixel includes two sub-pixels as illustrated, in
the C5 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 improving the viewing angle (particularly, polar
angle) dependence cf the v characteristic ¢f a liquid crystal
display device (particularly, VA mode liquid crystal display
device) . Hewever, for example, as will be described later,
there 1is such a prcoblem that even when the viewing angle
dependence of  the v  characteristic is improved by
conventicnal multi-pixel driving, the viewing angle
dependence of the color reproducibility cannot be
sufficiently reduced.

{0010} 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 ratio and/or lighting time of the
bright sub-pixel in each of the primary color pizxels
{(typically, red (R) pixel, green (G) pixel and blue (B)
pixel) 1s adjusted so as to reduce the viewing angle
dependence of the color reproducibility of a human skin color
(hereinaftexr, “skin color”}.

[0011] However, the ligquid 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 inventors, from the viewpoint of reducing the viewing



angle dependence of the color reproducibility, the source
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 to 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] Embodiments of the present invention are conceived
for the purpose of solving at least one of the above-
described problems. Embodiments of the present invention
include providing a liquid crystal display device of the
source direct multi-pixel type which is capable of repairing
disconnection 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 liquid crystal display device according to an
aspect 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 second



sub-pixel; a first TFT and a second TFT which are associated
with each of the plurality of pixels; a first source bus line
connected to the first sub-pixel wvia the first TFET and a
second scurce bus line connected to the second sub-pixel via
the second TFT; a spare wire which 1s electrically
connectable with the first scurce bus line and/cr the second
source bus line; and a control circult configured to receive
an input display signal that i1s 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 pluraliity 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 is associated
with a pixel of one column is electricaiiy.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 scurce bus line
associated with the pixel of the one column so as to be
smaller than that achieved when the first scurce bus line or
the second source bus line asscciated 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 sget so as to have
agual absolute values, for example. As a matter of course,
even when the first source bus line or the second scource 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 voltage and the second display signal voltage.
[0016] In one embodiment, when the first source bus line
or the second socource bus line which is asscciated with the
pixel of the one column is electrically connected with the
spare wire, the control circult is capable of controlling the
amplitude of the oscillation of the first display signal
voltage and the second display signal wvoltage output to the
first source bus line and the second source Dbus line
assoclated with the pixel of the one column so as to be zero.
{0017} In one embodiment, the plurality of pixels form a
plurality of color display pixels, each of the plurality of
color display pixels idncluding three or more pixels which
exhibit different colors, and when the first scource bus line
or the second scurce bus line which is asscciated with the
pixel o©of the one column is electrically conhected with the
spare wire, the contrel circuit is capable ¢f changing the

ampiitude of the oscillation of the first display signal



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

(00181 In one embodiment, the plurality of pixels form a
plurality of color display pixels, each of the pluraility of
color display pixels including three or more pixels which
exhibit different colors, and the control circuit is capable
of generating a first display signal wvoltage 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 bpased on a grayscale level to be
exhibited by the arbitrary pixel and g¢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 cutputting the
generated first and second display signal voltages to the
first source Dbus 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 seceond display signal voltage that have two or more
different absolute walues according to the grayscale levels
to be exhibited by the tvwe ©r 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 is the same, the grayscale level
difference Dbetween sub-pixels of the first pixel can be
varied between a case where the color exhibited by the color
display 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) .

100203 In one embodiment, the first socurce 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 cof the second
display signal wvoltage supplied from the second source bus
line are each constant within a frame.

(00217 In one embodiment, the polarity 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 embodiment, 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 column direction and which are
electrically ccnnected to the first source bus line are
adjacent to each other in the column direction.

[0023] In one embodiment, an arbitrary one o©f the
plurality of color display pixels includes m pixels, from the
15t pixel to the mh pixel, where m is an integer which is not
less than 3. The grayscale levels which are to be exhibited
by the 15t pixel to the m®™ pixel are the 15t grayscale level
GL1 to the m*t grayscale level GLm. The luminances at the
front viewing angle of the 15% pixel to the mth pixel achieved
when the 15t pixel to the m"™® pixel exhibit the 18t grayscale
level GL1 to the mth grayscale level GLm which are normalized
cn the assumption that the luminance at the front viewing
angle achieved when the highest grayscale level is exhibited
is 1 are the 1% frontal normalized luminance NL1 to the mnth
frontal normalized luminance  NLm, respectively. The
luminances at the obligque 60° viewing angle of the 15t pixel
to the m*" pixel which are normalized on the assumption that
the luminance at the obligue 60° viewing angle achieved when
the highest grayscale level 1is exhibited is 1 are the 18t

obligue viewling angle normalized luminance IL1 to the mbh
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obligue viewing angle normalized luminance ILm, respectively.
In this case, the control circuit is configured to generate
the first display signal voltage and the second display
signal voltage that are to be supplied to the first sub-pizel
and the second sub-pixel of each of the 1%t pixel to the mth
pixel such that the maximum value of the difference befween
the <frontal luminance ratios between pixels which are
obtained by normalizing the 13t frontal normalized luminance
NL1 to the mth frontal normalized luminance NLm with respect
to the highest one of the 1%° frontal normalized luminance
NL1 to the m'™ frontal normalized luminance NLm and the
ocbligue 60° luminance ratios Dbetween pixels which are
obtained by normalizing the 1st oblique viewing angle
normalized luminance IL1 te the m*™ obligque wviewing angle
normalized luminance ILm with respect to the highest one of
the 1%t obligue viewing angle rnormalized luminance ILl to the
m*h eobligue viewing angle normalized luminance ILm is not
more than 0.25.

[G024) In one embodiment, an arbitrary one of the
plurality of coleor display pixels includes m pixels, from the
1st pixel to the m*® pixel, where m is an integer which is not
less than 3. The grayscale levels which are tc be exhibited
by the 1% pixel to the mth pixel are the 1%t grayscale level
GL1 to the m"™ grayscale level GLm, respectively. The 1st

grayscale level GL1 to the m'® grayscale level GLm include at
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teast twe different grayscale levels. In this case, the
control clrcuit is configured to generate voltages which have
equal absolute values as the first display signal voltage and
the second display sigrnal voltage respectively supplied to
the first sub-pixel and the second sub-pizxel of a pixel which
is to exhibit a grayscale level of the largest value among
the 1% grayscale level GL1 to the m't grayscale level GLm,
[0025] In one empbodiment, Lhe control circuit is
configured to generate the first display signal voltage and
the secend 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 c¢f the first display signal voltage and the
seccond display signal voltage is the maximum.

(00267 For example, when the color exhibited by the color
display pixel 1is a skin color, the relaticonship of “the
grayscale level of the red pixel>the grayscale level of the
green pixeli>the grayscale level of the blue pixel” holds.
Therefore, the grayscale level difference between sub-pixels
of the red pizel is set to zero, while the grayscale level
differences between sub-pixels of the green pixel and the
blue pixel aré each set to the maximum value.

[0027] When the color exhibited by the color display pixel

13



is an achromatic intermediate tone, for example, the
grayscale level differences Dbetween sub-pixels of the bhlue
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.
[ocz9] In one embodiment, each of the plurality of color
display pixels further includes a yellow pixel. The color

display pixel may include a white pixel instead of the vyellow
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 vellow pixel.

0030} In one embodiment, the first TFT and the sscond TFT
include a semiconductor coxide layer as an active layer. The

semiconductor oxide layer includes IGZO.

ADVANTAGEQOUS EFFECTS OF INVENTION

[0G311 According to an embodiment of the present
invention, a liguid crystal display device of the source
direct muliti-pixel type 1s provided which is capable of
repairing disconnection. The liquid 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 oscililation of a display éignal voltage
that is to be supplied to the source bus line connected with
the spare wire. Therefore, pixels connected to the
disconnection-repaired source bus line can be made less
wvisually perceivable.

[0032] According to another embodiment of the present
invention, a liguid crystal display device having a mualti-
pixel configuration is provided which is capable of reducing
the viewing angle dependence of the colcor reproducibility.
The liguid crystal display device of the embodiment of the
present invention has such a configuration that the amplitude
of displilay signal wvoltages that are to be supplied to two
sub-pixels included in each pixel can be arbitrarily
contrelled. In each pixel, the grayscale level difference
between sub-pixels is controlled according to the color
exhibited by the color display pixel. Therefore, the
grayscale level difference between sub-pixels in each pixel
can be controlled acccerding to the color exhibited by the
color display pixel such that the viewing angle dependence of

the colecr repreducibility is reduced.

BRIEF DESCRIPTION OF DRAWINGS

[C033]

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

[FIG. 2] A schematic diagram of a liguid crystal display
panel 10A included in the liguid 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 nmulti-pixel
driving is performed.

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

[FIG. 5] (a) te (c) are charts for “illustrating the
display characteristics achieved when conventional multi-
pixel driving is performed.

{FIG. 6] {a) to A{c)} are charts for illustrating the
display characteristics achieved when multi-pixel driving of
an emboediment 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 voltages
supplied to two sub-pixels included in R, G and B pixels,
respectively.

[FIG. 8] A graph showing the yelationship 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 color reprcducibility in the case where the
R, & and B pixels are used to exhibit a skin color.

[FIG. 10} A graph showing the relaticnship 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 coler reproduciklility in the case where the
R, G and B pixels are used to exhibift an achromatic
intermediate tone {gray).

[eIG. 117 (a) to (¢} show examples of a look-up table
vsed 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] Another 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] S8till ancther 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.

(FIG. 14] A diagram for illustrating a problem in
repaliring disconnection of a source bus line with the use of
a spare wire in a liguid crystal display device of the source

direct multi-pizel fype.
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[FIG. 151 A schematlc diagram of a liguid crystal
display device 100B according to another embodiment of the
present invention.

[FIG. 16] (a) 1is a graph showing an example of the
waveforms of the first display signal voltage SAl output from
a bright/dark division contrel circuit 20A to the first
socurce bus line SA and the second display signal voltage SB1
cutput from the bright/dark division control circuit 20A to
the second source bus line SB. (b} is a 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 scurce bus line SA and the second display signal
voltage SBZ output from the Dbright/dark division control
circuit 20B to the second source bus line SB.

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

[FIG. 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 8X1.

[FIG. 19} (a) teo (d) show the veoltage waveforms at

points Al to A4 on the source bus line 8X1 and at points B1
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to B4 on the socource bus line SX2 shown in FIG. 18 which are
achieved when a display signal voltage that has the same
oscillatory waveform as that supplied to a normal source bus
line is supplied to the discennection-repaired source bus
line 8SX1.

(FIG. 207 (a) and (b) shew the volitage waveforms at
points Al and A2 con the scurce 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 fto the disconnection~
repaired source bus line SXI1.

[FIG. 21} (a) is a chart showing a specific operation
example of the bright/dark division control circuit 20A. (b)
and (c¢) are charts showing specific operation examples of the
bright/dark division control circuit 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. 23] A diagram showing another example of the pixel
arrangement in a liguid crystal display device according to
an embodiment of the present invention.

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

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

o
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in FIG. 24.

DESCRIPTION OF EMBODIMENTS

100341 Hereinafter, a liquild crystal display device and a
driving method therecf according to an embodiment of the
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.
[0035] Firstly, a ligquid crystal display device of the
scurce direct multi-pixel type which 1is capable of reducing
the viewing angle dependence cf the colcer reproducibility and
a driving method therecf 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.
{0036] {Reduction of the viewing angle dependence ¢f the
color reproducibility by the source direct multi-pixel type)
As shown in FIG. 1, a liguid crystal display device 100A
according to an embodiment of the present invention includes
a liguid crystal display panel 10A which has a plurality of
pixels P arrvanged in a matrix of rows and columns and a
control circuit 15RA ceonfigured 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

20



P. A part or the entirety of the control circuit 1BA may be
formed integrally with the liguid crystal display panel 10A.
(00371 Each of the pizxels P includes a first sub-pizel SP1
and a second sub-pixel SP2. The first sub-pixel S8P1 1s
supplied with a first display signal voltage £from the first
source bus line S8A. The second sub-pixel 8P2 is supplied
with a second display signal voltage from the second source
bus line 8B. The first display signal voltage and the second
display signal voltage can be arbitrary voltages because they
are supplied from two scurce bus lines SA and SB which are
electrically independent of eéch other.

[0038] The liguid crystal display device 100A is a VA mode
ligquid crystal display device which operates in the normally-
black mode. When the liquid crystal display device 100a
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 SP2 are also made different from each other.
Multi-pixel driving may be performed only when the
intermediate grayscale level is lower than the grayscale
level of 96/255 of the grayscale (the 96™™ grayscale level in
the Z56-level representaticn (from 0 to 255)).

10039] Nete that, herein, the ‘“intermediate grayscale

level” does not include any of the highest grayscale level



(white) and the lowest grayscale level (black). When a pixel
consists of only two sub-pixels, a grayscale level which is
to be exhibited by the pixel is 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 is 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 Tgrayscale
level difference between sub-plzels”) increases, the effect
of improving the v characteristic also increases. When the
multi-pixel driving is not performed, the grayscale levels
exhibited by the two sub-pixels are egual to the grayscale
level exﬁibited by the pixel.

[0040] Next, the configuration of the liguid crystal
display panei 10A is described with reference to FIG. 2.
(0041] The plurality of pixels P of the liguid crystal
display panel 10A form a plurality of color display pixels
cP. Each o©f the plurality of color 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 pixel (R
pixel), a green pixel (G pixel}) and a blue pixel (B pixel).
Also, another example 1s described in which the pixels P of
respective colors are in a stripe arrangement.

[0042] The pixels P in a2 matrix arrangement are identified
by the row number and the column number. For example, a
pixel P in the m*" row and the n'" column is expressed as Pim,
nj. For example, a pixel column Pn which is the nt't column
is red {R), a pixel column Pn+l which is the n+l1t™h column is
greaen (G}, and a pixel column Pn+2 which 1s the n+2t column
is blue (B). Three consecutive pixels P arranged one after
ancther in the row direction, for example, Plm, n}, P(m, n+l)
and P{m, n+Z2) 1in a pixel row Pm that 1is the mtk row,
constitute one color display pixel CP.

[0043] Each ¢of the plurality of pixels P includes a first
sub-pixel 8Pl which 1is electrically connected to the first
source pus line SA via the first TFT Tl and a second sub-
pixel 8P2 which i1s electrically connected to the second
source bus line SB via the second TFT T2. The first TFT T1
and the seccond TET T2 are, for example, configured so as to
be connected to a common gate bus line 6 and supplied with a
common scan signal as described in this section, although the
present invention is not lIimited to this example. Scan
signals may bke supplied from different gate bus lines G.

During a period in which the {irst TFT Tl and the second TFT
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T2 are kept ON by the scan signals, the first and second
display signal voltages are supplied to the first and second
sub-pixels SPl and SP2 from the first and second source Dbus
lines SA and 8B, respectively. From the viewpoint of thus
supplving display signal voltages {rom the Ltwo source bus
lines 8A and 8B to one pixel P, high TFT driving performance
is preferred. The first TET T1 and the second TFT T2 are
realized by, for example, TFTs which include a semiconductor
oxide layer as the active laver.

(00447 The semiconductor oxide layer includes, for
example, TGZO. Here, IGZ0 is an oxide of In {(indium), Ga
{gallium) and Zn (zinc) and include a wide variety of In-Ga-
Zn~0 oxides. IGZO may be amorphous or may be crystalliine. A
preferred crystalline IGZ0O layer is a crystalline IGZ0 layer

whose c¢-axis i1s oriented generally perpendicular to the laver

surface. The crystalliine structure of such an IGZ0 layer 1is
disclosed in, for example, Japanese Laid-Open Patent
Publication No. 2012-134475. The entire disclosures of

Japanese Laid-Open Patent Publication No. 2012-134475 are
herein incorporated by reference.

[0045] The contrel circuit 15A of the liguid 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 color

bright/dark division control circuits 22R, 226G and 22B for
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respective ones c¢f the primary cclors {here, respective ones
of R, G and B}). The control circuit 15A that includes the
bright/dark division control circuit 20 is configured to
generate a first display signal vcltage and a second display
signal voltage which are to be supplied to the first sub-
pixel 8Pl and the second sub-pixel 8P2 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 included in a color
display pixel CP to which the arbitrary pizel P belongs that
are indicated by the input display signal, and output the
generated first and second display signal wvoltages to the
first source bus line SA and the second source bus line 8B,
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 or more
different absolute values according to the grayscale levels
to be exhibited by the two or more remaining pixels included
in a coclor display pixel CP tc which the arbitrary pixel P
belongs. Therefore, for example, in 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 exhikit different colors from one another, 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 cf the first pixel can be
centrolled to have different absolute values according to the
grayscale levels exhibited by the second pixel and the third
pixel. For example, as will be described later with a
specific example, even when the grayscale level exhibited by
the R pixel 1is the same, the grayscale level difference
between sub-pixels of tThe R pixel can be varied between a
case where the color exhibited by the cclor display pixel is
a skin color and a case where the color exhibited by the
color display pixel 1s an achromatic intermediate tone
{gray).

[0046] Note that, in general, the control circuit 1BA
includes a timing control circuilt, a gate bus line (scan
line) driving circuit, & scurce bus line (signal line)
driving circuit, etc., although these components are herein
omitted for the sake of simplicity.

[0047] 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 is exemplary. In FIG. 3,
the horizontal axis represents the display grayscale level
which i1s to be displaved 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 assumption that the
maximuom value is 1. Note that in the example described
herein, the area ratic 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 grayscale level converted from the luminance is the
grayscale level difference between sub-pixels) increases, the
effect of reducing the viewing angle dependence of the v
characteristic improves. Therefore, as illustrated in FIG.
3, it is preferred that the normalized luminance of the dark
sub-pixel is 0.00 (the display grayscale level is () so long
as it is possible. I1If a desired display gravscale level of a
pixel is 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 ncrmalized
luminance of the dark sub-pixel is 0.00 (the display
grayscale level 1is 0}, the first and second display signal
voltages are preferably generated such that the normalized
fuminance ©of the cdark sub-pixel exceeds 0.00. Now, consider
a case where the area ratio of 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 (0/255=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 (255/255:wﬁite), 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.

[0049] Next, the viewing angle dependence of the v
characteristic and the viewing angle dependence of the color
reproducibility which are attributed to the multi-pixel
driving are described with reference to FIG. 4 to FIG. 6.
[0050] FIG3. 4{(a) to 4(c) are charts for illustrating the
display characteristics achieved when the multi-pixel driving
iz not performed. FIG5. 5{a) to 5(ec) are charts for
illustrating the display characteristics achieved when
conventional multi-pixel driving is performed. FIGS. &(a) to
6(c) are charts for illustrating the display characteristics
achieved when the multi-pixel driving of an embodiment of the
present inventicn is performed. In the example described
herein, the grayscale levels which are to be displayed by the
R pixel, the G pixel and the B pixel are 18¢/255, 120/25%5 and
80/255, respectively.

[COB1} 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 pizels are egual to the grayscale levels which are to
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be exhipited by respective ones of the R, G and B plxels as
shewn in FIG. 4(a). The viewing angle dependences of the
normalized luminances of respective cones of the pixels which
are achieved 1in this case are shown in FIG. 4(b). The
viewing angle dependences shown in FIG. 4(b) represent the
dependence on the polar angle 6 {angle with the normal to the
dispiay surface) in the azimuthal angle 0° or 188°
{horizontal direction of the display surface}. Here, the
polar angle 6 1s sometimes referred to as “wiewing angle 67,
The same applies to FIG. 5(b) and FIG. 6(b).

[0052] As seen from FIG. 4(b), as the wviewing angie 9
(abéolute value) increases, the normalized luminances of all
the R, G and B pixels increase. Such a phenomenon that the
luminance increases as the viewing angle is slanted tec an
oblique direction is called “whitening”.  The displaved color
appears whitish.

(00531 This phenomenon can be guantitatively evaluated by
using, for example, the parameters shown in FIG. 4(c).

{0054] FiG. 4{c) shows, for each of the R, G and B pixels,
the normalized luminance acquired when viewed from the front,
the normalized luminance acquired when viewed at an cbligue
viewing angle of polar angle 60°, and the vwviewing angle
luminance ratio (obkligque/front) that is calculated by
dividing the normalized luminance acguired when viewed at an

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

[0055] The viewing angle luminance ratiocs ({(obligue/front)
of the R, G and B pixels are 1.48, 2.94 and 5.65,
respectively, as shown 1in FIG. 4({c). In each of these
pixels, it 1s seen that, the normalized luminance at the
opligue 60° wviewing angle 1is greater than the normalized
luminance at the front viewing angle so that the displayed
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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Lo display the grayscale level of 120/255 (2.%4) 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 is
to display the grayscale level of 120/255. The RGB luminance
ratio (luminance ratio Dbetween pixels) vrelative to the
highest grayscale level color is R pixel:G pixel:B
pixel=1.00:0.40:0.15 when viewed from the front (i.e., when
the color which is to be displayed is displayed). On the
other hand, when viewed obliquely at 60°% R pixel:G plxel:B
pixel=1.00:0.79:0.56, and it is seen that the luminances of
the G pixel and the B pixel are excessively large.

[005¢6] The difference in the viewing angle dependence of
the color reproducibility can be guantitatively evaluated by
the wvalue ¢f the RGR luminance ratio variation (cblique-
front) relative to the highest grayscale level color of FIG.
4(c). 2As shown in FIG. 4{(c}), the values of the RGE luminance
ratio wvariation (oblique-front) relative to the highest
grayscale level color are 0.00 for the R pizxel 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, it
is seen that, 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 in 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 cf 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 displayed, and as a
result, the color reproducibility depends on the viewing
angle.

[0057] The difference between a colcr perceived when
viewed at the front viewing angle and a color perceived when
viewed at the 60° obliQue viewing angle is herein expressed
by the walue of the distance (Au'v’) between the u’'v’
coordinates in the CIELS876  UCS chromaticity diagram
{(hereinafter, sometimes simply referred to as “color
difference”). In the case where the color to be displaved by
the color display pixel is R,G,B=180,120,80, Au'v'=0.057 when
the multi-pixel driving is not performed.

roosa} Mext, as shown in FIG. 5(a), to reduce the viewing
angle dependence o©f 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 cof maximizing the effect of the
multi-pixel dxiﬁing, the grayscale level which 1s 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-pizxels of the R, G and B pixels
are 232, 157 and 104, respectively.

[0059] As shown in FIG. 5(b), the luminance of the dark
sub-pixel of each pixel is 0.0C, so that it does not depend
on the viewing angle. On the other hand, it is seen that 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)
of the R, G and B pixels are 0.98, 1.76 and 3.63,
respectively, as shown in FIG. 5{e}). It is seen that these
values are smaller than 1.48, 2.94 and 5.65 shewn in FIG.
4(c). Thus, a varilation in luminance due to the viewing
angle is suppressed by the multi-pixel driving.

{0060] However, the RGE luminance ratio relative to the
highest g¢rayscale level cclor which is achieved when wviewed
cbliquely at 60° is R pixel:C pixel:B pixel=1.00:0.72:0.55 as
shown 1in FIG. 5(e). That 1s, the improvement over the RGB
luminance ratico which 1s achieved when the mnmulti-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 wvalues
of the RGB luminance ratioco variation (obligue-front) relative
to the highest grayscale level colcor which are shown in FIG.
5(c) are 0.32 and 0.40 for the G pixel and the B pixel,
respectively. Ailthough these values are slightly smaller

than the wvalues of the EGB luminance ratio variation
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{oblique-front) shown in FIG. 4(c) {(0.39 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 ceclor is large, and it cannot be said that the viewing
angle dependence of the color reproducibility 1s suppressed.
In this case, AM'v' =0.056. The difference of this value from
0.057 that is 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 confiigured 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 scome cases, the grayscale level difference 1is set to 0
depending on the color exhibited by the colof display pixel
and the colors cf the pixels.

ro0ez] In this example, as shown in FIG. 6{a), the multi-
pixel driving is not performed for the R pixel which is‘to
exhibit the highest grayscale level. That is, the grayscale
level difference between sub-pixels is zero for the R pixel,
while the grayscale level difference between sub-pixels for

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

[C063] Accordingly, as shown in FIG. 6(b), the viewing
angle dependence of the R pixel is equal to the viewing angle
dependence of the R pixel of FIG. 4(b)}, and the wviewing angle
dependences of the G pixel and the B pixel are egual to the
viewing angle dependences c¢f 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.

[C064] in that case, the RGB luminance ratio {the
luminance ratio between pixels) relative to the highest
grayscale level color which is achieved when viewed obliguely
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
cver R pixel:G pixel:B pixel=1.00:0.72:0.55 of FIG. 5(e).
The wvalues of the RGB luminance ratio wvariation (oblique-
front) of the G pixel and the B pixel relative to the highest
grayscale level color are 0.08 and 0.22, respectively, and as
clearly seen from the comparison with the values of the RGB
luminance ratic wvariation {oblique-front) shown in FIG. 5({(c)
(0.32 and 0.40), the viewing angle dependence éf the color
reproducibility is suppressed. In this case, Au' v’ =0.034,
which is significantly smaller than 0.056 that is achieved
when the conventicnal multi-pizxel driving 1is performed.

Thus, the liguid crystal display device 100A of the
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embodiment of the present inventicon is capable of reducing
the viewing angle dependence of the color reproducibility.
[0065] Although in the example described herein the color
display pixel consists of R, G and B pixels, the color
display pixel may further include a yellow pixel {Ye pixel).
Alternatively, the coclor 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, & cvan 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 (obligue-
front) relative to the highest grayscale level color is 0.22.
This wvalue ig considerably smaller than the maximum value of
the RGB luminance ratic variation (obligue-front) relative to
the highest grayscale level color in the conventional multi-
pixel driving, 0.40., Although, as a matter of course, it is
more preferred that the maximum value of the RGE luminance
ratio wvariation (obligue-front} relative to the highest
grayscale level color has a smaller wvalue, the effect of

reducing the viewing angle dependence of the colox



reproducibility is achieved so long as it is smaller than the
maximum value of the RGB luminance ratioco variation (obligue-
front) relative to the highest grayscale level color in the
conventional multi-pixel driving. It is preferred that Lhe
maximum value ©of the RGB luminance ratic variation {(obligque-
front) relative to the highest gravscale level color is not
more than 0.25.

[0067] Generalizing the above discussion into a case where
the color displilay pizel includes m pizxels, 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 15t
pixel to the mth pizel are the 1%t grayscale level GL1 to the
mth grayscale level GLm. The luminances at the front viewing
angle of the 15% pixel to the mth pixel achieved when the 1st
pixel to the m'® pixel exhibit the 1st grayscale level GLI to
the mth grayscale level GLm which are ndrmalized on the
assumption that the luminance at the front wviewing angle
achieved when the highest grayscale level igs exhibited is 1
are the 15t frontal normalized luminance NL1 fo the mt
frontal normaiized luminance  NLm, respectively. The
luminances at the oblique 60° viewing angle of the 15t pixel
to the m*™™ pixel which are normalized on the assumption that

the luminance at the obligue 60° viewing angle achieved when
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the highest grayscale level is exhibited is 1 are the 18t
chlique viewing angle normalized luminance JIL1 to the m®™
chbligue 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 1%t 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 1t frontal
ncrmalized luminance NLI to the mth frontal normalized
luminance NLm with respect to the highest one of the ist
frontal normalized luminance N1 to the m'® frontal
normalized luminance NLm and the obligue 60° luminance ratios
between pixels which are obtained by normalizing the 19°
oblique viewing angle normalized luminance IL1 to the mth
obligque viewing angle normalized luminance ILm with respect
to the highest one of the 15t o¢bligque viewing angle
normalized luminance ILl1 to the mt® obligque viewing angle
normalized luminance ILm is not more than 0.25.

{0068] Next, connections o¢f the pixel P and sub-pixels
SP1l, SP2 with the first source bus line SA and the second
scurce bus line 8B in the liguid crystal display panel 10A
and the wavefcrms 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 B8A and the second source bus line BSB,
respectively, are described with reference to FIG. 2 and FIG.
7.

[0069] As shown in FIG. 2, the first socource bus line Sa
and the second source bus line 8B extend in the column
direction. In each of the plurality of pixels P, the first
sub-pixel 8P1 and the second sub-pixel 8P2 are arranged in
the column direction. As described above, some of the pixels
P arranged in the coclumn direction are to exhibit the same
color. Two 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 8Pl of the pixel P(m, n) and the sub-pixel SP2
of the pixel P{m+l, n) are both electrically connected to the
first source bus line SA wvia the first TFT Tl and are
adijacent to each other.

o070} FiG. 7 shows an example o¢f the waveforms of the
first display signal voltage supplied from the first source
bus line S8A and the second display signal volitage supplied
from the second source pbus line 8B.

[CO71] As shown in FIG. 7, the polarity of the first
display signal voltage supplied from the first socurce bus
line 8A and the pclarity of the second display signal voltage

supplied from the second scurce bus line SB are each constant
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within a frame. The vpolarity of the first display signal
voltage supplied from the first source bus line SA and the
polarity c¢f the second display signal voltage supplied from
the second source bus line 8B are opposite 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

AN

same gate bus line, and is also sometimes referred to as “one
vertical scan period”. The pceclarity 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 poclarity with intervals which are egual to
or longer than the frame period can be appropriately set such
that a DC voltage is not applied across the liguid crystal
layer in a long drive operation. |

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

pixels 1is given to form Dbright sub-pixels and dark sub-

pixels, bright sub-pixels which are electricaily connected to
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the first source bus line 8A and bright sub-pixels which are
electrically connected to the second source bus line 8B
alternately occur in the pixel column.

[0073] In this case, the first display signal voltage and
the second display signal voltage are oscillating voltages
whose amplitudes vary every horizontal scan period (sometimes
referred to as “1IH"). The pericd of the oscillation is Z2H.
That is, in each of the first display signal voltage and the
second display signal voltage, the anplitude 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 (periocd) between a time of selection of one
gate bus line (e.g., mtt gate bus line}) and a time of
selection of the next gate bus line (e.g., m+l*™™ gate bus
line) .

[0074] FIGS. B(a) to 8(ec) show examples of the waveforms
of the first and second display signal voltages supplied 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 8Pl of each pixel P 1is supplied with the



first display signal voltage from the first socurce bus line
SA, and the second sub-pixel SP2 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 voltages. Thus, the first display
signal voltage and the second display signal voltage supplied
to the first sub-pixel 8Pl and the second sub-pixel 8SP2 of
the R, G and B pixsls which constitute one color display
pixel can be freely set as shown in FIGS. 8(a) to Blc).

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

{0677 FIG. 9 is a graph showing the relaticnship 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 color is displayed using the R, G and B pixels.

(00783 Here, the skin color refers to such a color that,
as described in Patent Document 2, the ranges of the
grayscale ldevel of the R, G and B pixels [(from minimum to

maximum) are from 105 to 255 for the R pizxel, from 52 to 223



for the & pizxel, 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, the memory
colors are regarded as 1lmportant. Since an image displaved
on the display device cannot Dbe directly compared with an
actual object in almost all the cases, the relationship
between the displayed image and an image in viewer’s memory
is important. For the display devices for televisiocon
applications, the skin color is regarded as particularly
important among the memory colors.

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

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

pixel driving 1is nect 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. 8, the
vertical axis represents the value of 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 (color difference), which is expressed by the distance

(Au’v’) between the uw' v’ coordinates 1n the CIE1976 UCS
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chromaticity diagram.

[0GR0O1 As seen from FPIG. 9, amcng the combinations of No.
1 to No. 8B, the colcr difference of No. 4 where “the multi-
pixel driving is not performed” on the R pixel while “the
multi-pixel 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.

[0081] In the case where the color display pixel includes
m pixels, from the 1%t pixel to the mth pixel {(m 1s an integer
which is not less than 3), the gravscale levels which are to
be exhibited by the 15t pixel to the m™™ pixel are the 1st
grayscale level GL1 to the m*M™ grayscale level GLm,
respectively, and the 1st grayscale level GL1 to the mth
grayscale level GLm include at least two different grayscale
itevels, the control «circuit 15A of an embodiment is
configured to generate voltages which have egual absolute
values as the first display signal wvoltage and the second
display signal véltage respectively supplied to the first
sub-pixel and the second sub-pixel o¢f a pixel which is to
exhibit a grayscale level of the largest value amcng the 18t
grayscale level GL1 %fo the m'™ grayscale level GLm. The
thus-configured control circuit 13A can improve the viewling
angle dependence of the color reproducibility of intermediate

tones including the above-described skin color (exclusive of

44



achromatic colors).

[0082] FIG. 10 is a graph showling the relationship 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 repreoducibility in the case where the
R, G and B pixels ;re used to exhibit an achromatic
intermediate tone {gravy). When the achromatic intermediate
tone 1s colored, it gives a viewer a sense of incongruity,
and therefore, suppressing c¢cloring of the achromatic
intermediate tone iz impeortant in  terms of the <¢olor
reproducibility.

{0083] In the example shown in FIG. 16, an achromatic
intermediate tone 1is displayed of which the grayscale levels
to be exhibited by the R, G and B pixels are 135/255,
1357255, and 135/255.

[0084] As seen from FIG. 10, among the combinations of No.
1 to No. 8, the cclor 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 § 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 color display pixel includes
m pixels, from the 15" pixel to the m*h 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 15° pixel
to the mih pixel are Glmax and Glmin, respectively, and the
value of GLmax/GLmin 1is in the range of not less than 0.95
and not mere than 1.05, the control circuit 15A of an
embodiment 1s configured to generate voltages which have
equal absclute values as the first display signal voltage and
the second display signal wvoltage supplied to the first sub-
pixel and the secbnd sub-pixel of the blue pixel and the
green pixel. For example, when the wvalue of GlLmax/Glmin is
in the range of not less than 0.95%5 and not more than 1.05,
the celor exhibited by the color display pixel 1s close to
the achromatic intermediate tone, and therefore, the viewing
angle dependence of the color reproducibility can be reduced
by the above-described control circuit.

(0086} As described in the above example, 1t is preferred
that the difference between the absolute values of the first
display signal voltage 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 the present invention is
not limited to this example. It may be appropriately changed
according to the vy characteristic of the liguid crystal
display panel.

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

generation of display signal voltages which are to be
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supplied to two sub-pixels in the control circuit 15A are
described with reference Lo FPIG. 11 to FIG. 13.

fccas] F1G. 11 shows a look-up table used for, for
example, the case previously described with reference to FiG.
9 where “the multi-pizel driving is not performed” on the R
pixel which i1s to exhibit the highest gravscale level while
“the multi-pixel driving is performed” on the G pixel and the
B pixel.

10089) For example, as shown ;n FIG. 1i(a), when the R
pixel is at the grayscale level of 0, the R pixel cannot be
at the highest grayscale level. Therefore, a look-up table
which 1s the same as a conventional one may be used. Note
that numerical values are omitted from the drawing.

00907 As shown 1in FIG. 11(b), for example, when the R
pixel exhibits the grayscaile level of 180/255, the G pixel
exhibits the gravscale level of 120/255, and the B pixel
exhibits the grayscale level of 80/255 (corresponding 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 is achieved in
each of.the G pixel and the B pixel.

(0091 When the R pixel exhibits the grayscale level of
255/25%5, numerical wvalues are gilven to the look-up tabkle

shown 1in FIG. 11 (e¢) such that the maximum grayscale level



difference between 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.
[06092] 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 tabkle for a case where the pixel which is to exhibit
the highest grayscale level 13 the B pixel are prepared
likewise as in FIG. 11 and are stored in, for example, a
memcry included In the primary color bright/dark division
control circults 22R, 226G and 22B shown in FIG. 1.

[G093] FIG. 12 shows another example of the lock-up table
used for generation cof display signal wvoltages supplied to
two sub-pixels in a ligquid crystal display device of an
embodiment of the present invention.

{0094) A look-up table in which combinations of output
grayscale levels for each of the color pixels correspond to
input grayscale levels as shown in FIG. 12 may alsc be used.
00951 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 pizxels are at the grayscale levels of
180/255, 120/255 and 80/25%, respectively, “the multi-pizxel

driving is not performed” on the R pixel while “the multi-
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pixel driving 1s performed” on the G pixel and the B pixel.
Fo097) Although in the above-described example a single
color display pixel consists of R, G and B pixels, Lhe color
display pizel may further include a Ye pixel (yellow 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 color display pixel may include a red
pixel, a green pixel, a blue pixel, a cyan pixel, a magenta
pixel, and a yellow pixel. Numerical wvalues which are to be
inserted in blank boxes of FIG. 13 are set so as to satisfy
the above-~described conditions.

{00%81 (Repairing of disconnection of source bus line of
ligquid crystal display device of socource direct multi-pixel
type)

As described in the above example, employing the source
direct multi-pixel type enables reduction of the viewing
angle dependence of the cclor reproducibility. However, when
a display signal voltage supplied tc a source bus line has an
oscillatory waveform as in the liguid crystal display device
of the above~described example, repairing with the use of a
spare wire as will be described with reference to FIG. 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 is considered as an
example where the display signal voltage has an oscillatory
waveform, although a liguid crystal display device of the
source direct multi-pixel type which is capable of repairing
disconnection of the source bus line, which will be described
below, is not limited to this example.

[0099] In a 1iquid crystal display device 200 of the
conventional source direct multi-pizel type, 1f a display
signal voltage supplied to a socurce bus line has an
oscillatory waveform (an oscillatory waveform which has a
particularly sheort oscillation period, for example, an
osciltlatory waveform whose oscillation period 1s not more
than two horizontal scan pericds (ZH)), repairing with the
use of a spare wire 1s difficult. The reasons for the
difficulty are f{irst described with reference to FIG. 14.
[0100] For example, asgs described in Patent Document 3
identified above, a method cf repairing disconnecticn of the
source bus line with the use ¢f a spare wire provided around
a display region (a region in which a plurality of pixels are
arrvanged} has been known. Specifically, as shown in FIG. 14,
a disconnected source bus line SX is connected to a spare
wire ALl at two positions 8Xtl and 8Xt2, whereby supply of a
display signal wvoltage to the disconnected position 8Xc of
the source bus line SX is enabled. For example, the spare

wire ALl intersects with the source bus line 8X wvia an
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insulating layer interposed therebetween. By Dbreaking this
insulating layer at the fwo positions 8Xtl and SXt2, the
spare wire ALL and the source bus line S8SX are electrically
connected to each other. There are various other examples of
the disconnection repairing method with the use of a spare
wire which have already been developed {see, for example,
Japanese Lald-Open Patent Publications Nos. 5-5896 and 2010-
271413 .

[0101] In a liguid crystal display device of the source
direct multi-pixel type, the display signal wvoltage has an
oscillatory waveform and its period is, for example, two
horizontal scan periods (2H) as in the above-described
example. That is, the amplitude varies every horizontal scan
period. Accordingiy, a display signal wvoltage which has a
predetermined oscillatory waveiorm 1is supplied because the
connecting positlon 8Xt1 of the source bus line 8% is near a
source driver (not shown) as shown in TIG. 14. On the other
hand, at the connecting position 8Xt2, the display signal
voltage is supplied wvia the spare wire AL1 that is arranged
so as to detcour around outside the display region, so that
the c¢scillatory wavefcorm of the display signal wvoltage 1s
dull as shown in FIG. 14. That 1is, since the spare wire ALl
is long, CR {(capacitancexresistance) of the spare wire ALl is
large, and as a result, the oscillatory waveform cf the

display signal wvoltage at the connecting position SXt2 is
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dull. Due to the dull oscillatory waveform, the effective
voltage value of the display signal voltage decreases or
increases so that desired display cannct be achieved.

[0102] FIG. 15 shows a liquid crystal display device 100B
of the present embodiment. The liguid crystal display device
1008 has the function of repairing disconnection of a source
bus 1ine in addition to the previocusly-described liguid
crystal display device 100A.

[0103] The liquid crystal display device 100B includes a
liguid c¢crystal display panel 10B which has a plurality of
pixels P arranged in a matrix of rows and columns and a
control circuit 15B configured to receive 1nput 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
P. A part or the entirety of the control circuit 15B may be
formed integrally with the liguid crystal display panel 10B.
{01047 The liguid crystal display panel 10B is configured
in the same way as the liguid crystal display panel 10A as
follows. Each of the pixels P inciudes a first sub-pixel SP1
and a second sub-plixel SP2. The first sub-pixel 8PL is
supplied with a first display signal voltage from the first
source bus line BSA. The seccond sub-pixel SPZ is supplied
with a second display signal veltage from the second source

bus line SB. The filrst display signal volitage and the second



display signal voltage can be arbitrary voltages because they
are supplied from two scource bus lines SA and SB which are
electrically independent of each other.

01057 The liquid crystal display panel 10B further
includes a spare wire ALl which is arranged so as to detour
around outside the display region. The spare wire ALL 1is
configured so as to be electrically connectable to an
arbitrary socurce bus line. FIG. 15 shows an exampie where
the spare wire ALL is connected to a disconnected source bus
line SA. In the example shown in the drawing, a single spare
wire ALl1 is provided, although in 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) of a region outside the display region that is
enclosed by a dotted line 1in FIG. 15 (also 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 disconnecticn), or the like. For
example, the number of the spare wires is from five to ten.
[0106] When the first source bus line SA or the second
socurce bus line 8B which 1s associated with pizxels of one
column is electrically connected with the spare wire ALL, the

control circuit 15B of the liquid crvstal display device 100B
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ig capable of controlling the amplitude ¢of the cscillation of
the first display signal wvoltage and the second display
signal voltage which are to ke output to the first source bus
line SA and the second source bus line 8B assoclabted with the
pixels of the column (sometimes referred to as “socurce bus
line pair”) so a&s to be smaller than that achieved when the
first socurce bus line SA or the second source bus line SB
associated with the pixels is not electrically connected with
the spare wire ALL. By decreasing the amplitude of the
oscillaticon of *the first display signal wvoltage and the
second display signal voltage, the dullness of the
cscillatory waveform due to the spare wire is reduced. In
this «¢ase, the absolute values of the amplitudes of the
oscillation of the f{first display signal voltage and the
second display signal voltage are controlled to be equal to
each other, for example. Typically, the amplitudes o¢f the
oscillation of the first display signal veltage and the
second display signal voltage are zero. That is, the multi-
pixel driving is not performed on a source bus line palr
which includes a repaired source bus line.

[0107] For 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 control circuit 20A includes primary

celor bright/dark division control circults 22RA, 22GA and



22BA for respective ones of the primary colors (here, for
respective cnes of R, G and Bj. The bright/dark division
control circuit 20B alsc includes primary color bright/dark
division control circuits 22RB, 22GB and 22BB for respective
cnes of the primary cclors. 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 cilrcuit, etc., as does the control circuilt 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 liguild 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 socurce bus
line SA and a second source bus line SB designated by the
source bus line desigrnation circuit 24. The amplitudes of
the oscillation of the first display signal voltage and the
second display signal voltage generated by and output Ffrom
the bright/dark division control circuit 20B are smaller than
the amplitudes of the oscillation of the first display signal
voltage and the second display signal voltage generated by

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



This relationship preferably holds true at an arbitrary
intermediate grayscale level {exclusive o¢f the lowest

grayscale level and the highest grayscale level) of an input

display signal, although this is not necessarily
indispensable.
[0109] Assume now that, for example, 1in the process of

manufacturing the liquid crystal display panel 10B,
disconnection occurs in a first socurce bus line SA or a
second source bus line 8B which 1s associated with pixels of
a column, and the disconnecticn is repaired using the spare
wire ALL. In this case, as a result of the repairing with
the use of the spare wire AL, information that specifies the
first source bus line SA or the second source bus line SB
which is electrically connected to the spare wire ALl is
written in the source bus line designation circuit 24.
Information that specifies both the scurce bus line (SA or
8B) electrically connected to the spare wire ALl and a source
bus line (8B or 8A) which is assoclated with the same pixels
(i.e., source bus line palr) may be written in the source bus
line designation circuit 24. The source bus line designation
circuit 24 designates, based on the written information, a
source bus line pair tTo which the bright/dark division
contreol circult 20B is to output the first display signal
voltage and the second display signal voltage. To the other

source bus lines than the source bus line pair designated by



the source bus line designation circuit 24, the first display
signal wveltage and the second display signal voltage are
output from the bright/dark division control circuit 20A.
[0110] That 1s, the two Dbright/dark division contrel
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 cclor display pixel consisting
of the R, G and B pixels exhibits a skin color, the multi-
pixel driving 1s not performed on the R pixel. Therefore,
even when disconnection occurs in at least one of a source
bus line pair associated with the R pixel and the
disconnection is repaired using the spare wire ALLl, the first
display signal wveoltage and the second display signal vcltage
output to the source bus line palr associated with the R
pixel would not wvary. That 1is, the £first display signal

voltage and the second display signal voltage ouiput from the

57



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

i0112] Examples of the waveforms of the first display
signal voltage output to the first source bus line SA and the
second display signal voltage cutput to the second source bus
line 8B from the bright/dark division control circuit 20A and
the bright/dark division control circuit 20B are described
with reference to FIG. 16. FIG. 16(a) shows an example of
the waveforms of the first display signal voltage SALl output
from a bright/dark division control circuit 20A to the first
source bus line SA and the second display signal voltage 3Bl
cutput from the bright/dark division control circuit 20A to
the second source bus line SB. 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 source bus line 8A and the second display signal
voltage SB2 output from the bright/dark division control
circulit 20B to the second source bus line SB.

10113] The waveforms of the first display signal veoltage
SA1 and the second display signal voltage SB1 shown in FIG.
i6(a) are equal to the waveforms of the first display signal
voltage and the second display signal voltage shown in FIG,

7. The polarity of the first display signal voltage SAT
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suppilied from the first source bus line SA and the polarity
of the second display signal wvoltage SBl supplied from the
second scurce bus line SB 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 cf the
second display signal voltage 5Bl supplied from the second
source bus line SB are opposite o each other in a frame.
{0114] Thus, as previocusly described with reference to
FIG. 7, when the first displavy signal voltage SA1 and the
second display signal voltage SBI shown in FIG. 16{a) are
supplied to the liquid crystal display panel 10B (see FIG.
15) in which pixels and sub-pixels are arranged in the same
way as in the ligquid crystal display panel 10A shown in FIG.
2, the interval of polarity inversion of the display signail
voltage is one frame, and dot inversion is realized in every
frame. Therefore, the display quality can be improved while
the power consumption 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 1is given to
form pbright sub-pilxels and dark sub-pixels, bright sub-pi=xels
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 wvoltage are oscillating voltages —whose
amplitudes wvary every horizontal scan period (1H}. The
period of the oscillation is ZH. That 1is, in each of the
first display signal voltage and the second display signal
voltage, the amplitude for the bright sub-pixel and the
amplitude feor the dark sub-pixel occur alternately every
horizontal scan period.

[0116] Whenn one of the source bus line pair (the socurce
bus lines 8A and 8B} to which the first display signal
veltage SAL andg the second display signal voltage SB1 which
have the waveforms shown 1in FIG. 1l6(a) are toc be output is
disconnected and the disconnection is repaired using the
spare wire ALLl, 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 SAYl and the second display signal veltage 3SB1
shown in FIG. 16(a). That is, instead c¢f 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
circult 20B are cutput to the socource bus line pair.

[0117] The amplitude of the oscillation of each of the
first display signal wvoltage S§A2 and the second display
signal voltage SB2Z shown in FIG. 16(b} is zeroc. Therefore,

the multi-pixel driving is not performed on a pixel column
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which i1s associated with the repaired source bus lines. Here,
the largeness of the first display signal voltage SA2 of FIG.
16(b}y {(VAZ(+}) 1s equal tc the time average of the largeness
of the first display signal wvoltage SA1 of FIG. 16(a)
(VBE1{+)}). The largeness of the second display signal voltage
5B2 of FIG. 16(b) (VB2{(-)) is equal to the time averags of
the largeness of the second display. signal voltage SBL of
FIG. 16(a) (VBl(-)).

{0118] As described above as tc the liguid crystal display
device 100A of the previocus embodiment with reference to FIG.
3, maximizing the grayscale level difference between sub-
pixels in the multi-pixel driving is preferred. The first
display silgnal voltage and the second display signal voltage
which have egual veltage values to the time averages of the
first display signal wvoltage and the second display signal
voltage that have oscillatory waveforms for the multi-pixel
driving (for example, the first display =signal voltage SAL
and the second display signal voltage SB1 of FIG. 16{(a)) and
which do not oscillate (which are DC voltages for at least
one frame period), for example, the first display signal
voltage SAZ and the second display signal veltage SB2 of FIG.
l16(b), are set so as to have & 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 line in FIG. 17 is
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a characteristic cbtained by Jjust averaging (halving) the
grayscale level wvs. luminance characteristic of the bright
sub-pixel (solid line) and the gravyscale level vs. luminance
characteristic of the dark sub-pixel ({(broken line}.

[0119] As will be described 1in the following section with
reference to FIG. 18 fto 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 oscillation of the first and second
display signal voltages are zero).

10120} As snoewn 1in FIG. 18, among three source bus lines
8¥1, 8X2 and S8SX3 which are associated with different pixel
columns, the source bus line 8X1 has a disconnection at a
position SXle, and the scurce Dbus line 8X3 has a
disconnection at a position 8X3e. The source bug line 8X1 is
electrically connected to a spare wire ALl at two positions
SX1tl and S8X1t2, whereby the disconnection is repaired. In
the source bus line 8X3 also, the disconnection is repaired
likewise using a spare wire ALZ.

[01211 Here, the scource bus lines SX1, 8X2 and S8SX3 are
tfirst source bus lines SA which are associated with three
different pixel columns. The other source bus lines of
gsource bus line pairs that include the source bus lines 8Xi,

SX2 and 8X3 are second source bus lines SB. The display

62



signal voltage supplied via the second source bus lines SB
has an oscillatery waveform which 1s equal to the display
signal voltage $8B2 shown in FIG. 16(b), for example, and the
multi-pixel driving is performed on the pixel columns with
which they are assoclated. Also, the three different pixel
coliumns with which the source bus lines 8X1, 8X2 and SX3 are
assocliated are to exhibit the same intermediate grayscale
level.

(01221 FIGS. 19(a) to 19(d) show the voltage waveforms at
points Al to A4 on the source bus line S8¥1 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 source bus line is supplied as the
display signal voltage to a source bus line SX1 in which
disconnection is repaired with the use of the spare wire ALl.
[0123] As shown in FIG. 18(a), a display signal voltage
which has a predetermined oscillatory waveform is supplied to
both point Al on the disconnection-repaired source bus line
S¥1 and point Bl on the normal source bus line 8X2.

[0124] In comparison, as shown 1in FIGS. 19(b) to 18(d),
the dullness of the oscillatory waveforms at point A2 through
point A4 on the disconnection-repaired source bus line SX1
are 1ncreases as Tthe length of the transmission path of the

display signal voltage increases. The oscillatory waveforms
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at point B2 through point B4 on the normal scurce bus line
8¥X2 are somewhat dull due to CR of the socurce bus line 8%2,
the pixels, etc., but the predetermined oscillatory waveform
is maintained.

(0125} As seen from FIGS. 18(ec) and 18(d), the amplitude
of the display signal voltage on the disconnection-repaired
source bus line 8X1 1s smaller than that of the display
signal wvoltage on the normal source bus line 8X2. As a
resulit, the wvoltage which is to be supplied to the Dbright
sub-pixels of a pixel coiumn assoclated with the
disconnection-repaired source bus line 8X1 decreases by OAVseu,
and the voltage which is to be supplied to the dark sub-
pixels of the pixel column increases by AVsep. The magnitude
of the decrease and increase of these voltages depends on the
length (CR} of the transmission path of the display signal.
Thus, sc long as the display signal wvoltage has an
osciliatory waveform, the degree of the dullness of the
cscillatory waveform varies depending on the position of the
pixel (the length of the transmission path), and therefore,
AVspn and AVsen cannot be zerc in all of the pixels.

[0126] When a source bus line at a position close ©o a
spare wire ALZ2 1is electrically connected to the spare wire
AL?2 as 1is the source bus line 8X3, fthe 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 SX3 is much smaller than the
dullness of the oscillatory waveform of the display signal
voltage in the scurce bus line 8X1. Thus, the degree of the
dullness of the oscillatory waveform of the display signal
voltage also varies depending on the position on the source
bus line at which disconnection is repaired.

[0127] In view of the above, in the liguid crystal display
device 100B of the present embodiment, for axample, as shown
in FIG. 20, a display signal voltage which has an oscillatory
waveform whose amplitude is Zero (C  waveform, non-
oscillatory waveform) is supplied to¢ the disconnection-
repaired source 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 R4, without depending on the length of
the transmission path. In this case, 1t 1g 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 source bus line 8X2 as
shown in FIG. 20(b). Accerdingly, a pixel associated with
the disconnection-repaired source bus line S8SX1l 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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associated with the disconnection-repaired source bus line
8X1, and therefore, the effect of improving the viewing angle
dependence of the gamma characteristic and the color
reproducibility 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 deteriorates the
display quality. Rather, the effect of preventing the pixel
column from being visually perceived as a bright line which
would occur when the luminance is 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 columns are greater.

[0128] Specific examples of the operation of the
bright/dark division c¢ontrel c¢ircuits 20A and 20B are
described with reference to FIG. 21.

[012¢9] When the input grayscale lesvels to the R pixel, the
G pixel and the B pixel are 180/255, 120/255 and 80/255,
respectively, as shown in FIG. 21{(a), for the purpose of
reducing the viewing angle dependence o©of 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 1in the other two pixels, as does the bright/dark
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division control circult 20 of the Iiguld 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 o0of generating and ocutputiing
the display signal wvoltage such that, for a disconnection-
repaired source bus line, the multi-pixel driving i1s not
performed irrespective of the cclor of the pixel (the
grayscale level difference between sub-pixels is zero) as
shown in FIG. 21 (b).

[0131] The bright/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 asscciated
with the R pixel and the grayscale level difference between
sub-pixels 1is reduced when the disconnection-repaired source
bus line 1is associated with the G pixel or the B pixel as
shown in FIG. 21i(c).

[0132] Note that, whether to use an oscillatory waveform
which has a small amplitude or a non-oscillatory waveform {an
oscillatory waveform whose amplitude is zero) as the display
signail voltage which 1s to be output to a source bus line
pair which includes a repaired source Dbus line may be
determined depending on the color to be displayed. Here,

“depending on the color to be displayed” means considering

67



the relationship between the color which is to be displayed
in a region including a pixel column associated with the
repalred source bus line and the color which 1is to be
displayved by the pixel c¢olumn associated with the repaired
source bus line. When a shift in luminance in the pixel
column  associated with the repaired source bus line 1is
conspicuous, using a non-oscillatory waveform as the display
signal voltage which is to be output to the source bus line
palr which includes the repaired source bus line is
preferred.

[0133} For example, the grayscale level of a pixel
associated with the repaired source Dbus line and the
grayscale levels of two neighborhood pixels at opposite sides
of that pixel are compared. When the grayscale level of the
pixel asscciated with the repaired source bus line is higher
than the grayscale levels of the twe neighborhood pixels, a
non-oscillatory waveform may be uéed. In the case where the
pixel associated with the repaired source bus line 1s a G
pixel, the two neighborhood pixels are R and B pixels, these
pixels constitute a sequence cf a color display pixel, and
the entirety of the display region displays an intermediate
tone of green (for exanple, the gravyvscale level of the G
pixel is 100/255 and the grayscale level of the R and &
pixels is (0/2553), the G pixel cclumn that is associated with

the repaired source bus line is conspicuous. In this case,
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using a non-oscillatory waveform as the display signal
voeltage which is to be output to the scource 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 liguid 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 fo each other in the column
direction and which are electrically connected to cne source
bus line are adjacent to each olther in the column direction.
The reascns for this preferred arrangement are described with
reference to FIG. 22 and FIG. 23.

{0135} FIG. 22 shows a case where disconnection in &
source bus line SA assoclated with one pixel column is
repalred. The pixels shown in FIG. 22 are arranged such that
two sub-pixels which belong te two pixels adjacent to each
other in the cclumn direction and which are electrically
connected to one source bus line are adjacent to each other
in the column direction, 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 SA and bright sub-pixels connected to the
scurce bus line 8B occur alternately in the column direction.
Therefore, even when the luminance of the sub-pixels

connected to the disceonnection-repaired source bus line SA is
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somewhat leow, the variation 1in luminance is unlikely to be
visually percsived 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 sub—pixels'connected to
the scurce bus line SB are in a block arrangement as shown in

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

vigually perceived. Therefore, thls arrangement 1s not
preferred.
[0137] A specific example of the ccenfiguration of the

liquid crystal display panel 10A (see FIG. 2) of the liquid
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 eguivalent circuit diagram.

10138] A configuration corresponding to the pixels P{m, nj
of the liguid crystal display panel 10A shown in FIG. 2 is
described with reference to FIG. 24, The liguid crystal
display panel typically includes a pair of substrates and a
ligquid «crystal layer interposed Dbetwsen the pair of
substrates. Cne o©f the palr of substrates (e.g., TFT
substrate) includes a glass substrate, pixel electrodes (sub-
pixel electrodes) provided on the glass substrate, TFIs, and
circulit elements such as wvarious bus lines. The other

substrate {e.g., colcr 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 FIG. 24 represent the outline of
the black marrix BM.

[0139] Pixel P{m, n) includes the first sub-pixel
electrode SPEl and the second sub-pixel electrode SPE2. That
is, the first sub-pixel 8SPl1 and the second sub-pixel 8P2
shown in FIG. 2 are demarcated by the first sub-pizel
electrode S8PEl and the second sub-pixel electrode SPE2,
respectively. The first sub-pixel electrode SPEI 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 T1 and the
second TFT T2 are switched by a scan signal supplied from a
common gate bus line G(m). In a period where the first TFYT
Tl and the second T¢I 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 seceond source bus line SB{n) to the first sub-pixel

electrode SPE1l and the second sub-pixel electrode SPE2,
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respectively.

[014C] The liquid crystal display panel includes the first
sub-pixel electrodes SPEl, the second sub-pixel electrodes
SPE2, and a ceunter electrode (not shown) arranged Lo oppose
the electrodes SPEl and SPE2 via a liguid crystal layer (not
shown) . The first sub-pixel electrodes SPEl, the counter
electrode, and the liguid crystal layer 1lying between the
first sub-pixel electredes SPE1 and the ccunter electrode
constitute the first sub-pixels SP1. The second sub-pixel
electrodes 8PE2, 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. In the equivalent circuit diagram shown in FIG.
25, the first sub=-pixel electrocde SPE1, the counter
electrode, and the liquid crystal layer 1lying between the
first sub-pixel electrode SPEl and the counter electrode
constitute the first liguid crystal capacitance SLC1. The
second sub-pixel electrode SPE2, the counter electrode, and
the ligquid crystal layer lying between the second sub-pixel
electrode 8PE2 and the counter electrode constitute the
second liguid crystal capacitance SLE2. The first liquid
crystal capacitance S8LCl1 and the second ligquid crystal
capacitance SLC2 are electrically connected in parallel with
the first storage capacitance CS81 and the second storage

capacltance CB82, respectively. The first storage capacitance
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€81 and the second storage capacitance €82 are each
constituted of a drawn out pertion of a C3 bus line C8, a
drawn out portion of a draln extension wire DA or DB, and an
insulating layer (e.g., gate insulating laver) interposed
between these portions as shown in FIG. 24.

10141 Such a liguid c¢rystal display panel can be
manufactured according to a known method. The type of the
liquid crystal layer is not particularly limited but may be,
for example, a vertical alignment ligquid crystal layer as

described above.

INDUSTRIAL APPLICABILITY

[0142] 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

F0143]
10a, 10B liquid crystal display panel
i5a, 15B control circuit

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

22R, 222G, 22B primary color bright/dark division control
circulit

22RA, 22GA, 22BA, 22RB, 22GB, 22BB primary c¢olor bright/dark

division control circuit

73



100A, 100B liguid crystal display device
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Claims

1. A liquid 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 associated with each of the plarality 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 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 is 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 source 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 amplitudes of 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 so as to be smaller than that achieved when the first source bus
line or the second source bus line associated with the pixel of the one column is not electrically

connected with the spare wire.

2. The liquid crystal display device of claim 1, wherein 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 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

so as to be zero.

75



3. The liquid crystal display device of claim 1, 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 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 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 one

column.

4. The liguid crystal display device of claim 1, 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

the control circuit is 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 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 source bus line, respectively.

5. The liquid 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 two or more remaining pixels.

6. The liquid crystal display device of claim 4, 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

in the column direction, and
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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.

7. The liquid crystal display device of claim 6, wherein the polarity 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 other in a frame.

8. The liquid crystal display device of claim 6, 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 adjacent to each other in the column direction
and which are electrically connected to the first source bus line are adjacent to each other in the

column direction.
9. The liquid crystal display device of claim 1, wherein the first TFT and the second TFT
include a semiconductor oxide layer as an active layer, the semiconductor oxide layer including

an In—Ga—Zn-—Q semiconductor.

10.  The liquid crystal display device of claim 9, wherein the In—Ga—Zn—O semiconductor

mcludes a crystalline portion.
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