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(57) ABSTRACT

Aliquid crystal display device according to the present inven-
tion includes: a plurality of pixels that are arranged in rows
and columns so as to form a matrix pattern; and TFTs (TFT-A,
TFT-B and TFT-C), source bus lines, gate bus lines and CS
bus lines (CS-A and CS-B), which are associated with the
respective pixels. Each pixel includes at least three subpixels
(SP-A, SP-B and SP-C) with liquid crystal capacitors that are
able to retain mutually different voltages. By supplying a
signal (CS-A or CS-B) that makes two of the at least three
subpixels display mutually different luminances at least at a
certain grayscale tone from the source, gate and CS bus lines
to each pixel, the at least three subpixels are able to display
mutually different luminances.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and more particularly relates to a liquid crystal
display device with a big screen that exhibits a wide viewing
angle characteristic.

BACKGROUND ART

[0002] Aliquid crystal display (LCD) s a flat-panel display
that has a number of advantageous features including high
resolution, drastically reduced thickness and weight, and low
power dissipation. The LCD market has been rapidly expand-
ing recently as a result of tremendous improvements in its
display performance, significant increases in its productivity,
and a noticeable rise in its cost effectiveness over competing
technologies.

[0003] Among other things, in-plane switching (IPS) mode
LCDs (see Patent Document No. 1, for example) and multi-
domain vertical aligned (MVA) mode LCDs (see Patent
Document No. 2, for example) have been used as liquid
crystal display devices with a wide viewing angle character-
istic, of which the contrast ratio on the screen does not
decrease significantly, or of which the display grayscale does
not invert, even when the image on the screen is viewed
obliquely, in liquid crystal TV sets.

[0004] Although the display qualities of LCDs have been
further improved nowadays, the problem of varying the y
characteristic with the viewing angle has arisen just recently.
That is to say, the y characteristic when an image on the screen
is viewed straight is different from the characteristic when it
is viewed obliquely. As used herein, the “y characteristic”
refers to the grayscale dependence of display luminance. That
is why if the y characteristic when the image is viewed straight
is different from the characteristic when the same image is
viewed obliquely, then it means that the grayscale display
state changes according to the viewing direction. This is a
serious problem particularly when a still picture such as a
photo is presented or when a TV program is displayed.
[0005] The viewing angle dependence of the y characteris-
tic is more significant in the MVA mode rather than in the IPS
mode. According to the IPS mode, however, it is more diffi-
cult to make panels that realize a high contrast ratio when the
image on the screen is viewed straight with good productivity
rather than in the MVA mode. Taking these circumstances
into consideration, it is particularly necessary to reduce the
viewing angle dependence of the y characteristic of MVA
mode liquid crystal display devices, among other things.
[0006] To overcome such a problem, the applicant (or the
assignee) of the present application disclosed a liquid crystal
display device that can reduce the viewing angle dependence
of the y characteristic (or an whitening phenomenon of an
image among other things) by dividing a single pixel into a
number of subpixels with mutually different brightness val-
ues, and a method for driving such a device in Patent Docu-
ment No. 3. Such a display or drive mode will sometimes be
referred to herein as “area-grayscale display”, “area-gray-
scale drive”, “multi-pixel display” or “multi-pixel drive”.
[0007] Patent Document No. 3 discloses a liquid crystal
display device in which storage capacitors CS are provided
for respective subpixels SP of a single pixel P. In the storage
capacitors, the storage capacitor counter electrodes (which
are connected to storage capacitor lines) are electrically inde-
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pendent of each other between the subpixels. And by varying
the voltages applied to the storage capacitor counter elec-
trodes (which will be referred to herein as “storage capacitor
counter voltages” or “CS signal voltages™), mutually differ-
ent effective voltages can be applied to the respective liquid
crystal layers of multiple subpixels by utilizing a capacitance
division technique.

[0008] Hereinafter, the pixel division structure of the liquid
crystal display device 900 disclosed in Patent Document No.
3 will be described with reference to FIG. 47. In this example,
a liquid crystal display device including TFTs as switching
elements will be described.

[0009] The pixel 10 is split into a subpixel 10a and another
subpixel 105. To the subpixels 10a and 105, connected are
their associated TFTs 16a and 165 and their associated stor-
age capacitors (CS) 22a and 225, respectively. The gate elec-
trodes of the TFT's 164 and 165 are both connected to the same
scan line 12 (which will also be referred to herein as a “gate
bus line” or “G bus line”). And the source electrodes of the
TFTs 16a and 165 are connected to the same signal line
(which will also be referred to herein as a “source bus line” or
“S bus line”). The storage capacitors 22a and 22b are con-
nected to their associated storage capacitor lines (CS bus
lines) 24a and 24b, respectively. The storage capacitor 22a
includes a storage capacitor electrode that is electrically con-
nected to the subpixel electrode 18a, a storage capacitor
counter electrode that is electrically connected to the storage
capacitor line 24a, and an insulating layer (not shown)
arranged between the electrodes. The storage capacitor 226
includes a storage capacitor electrode that is electrically con-
nected to the subpixel electrode 185, a storage capacitor
counter electrode that is electrically connected to the storage
capacitor line 24, and an insulating layer (not shown)
arranged between the electrodes. The respective storage
capacitor counter electrodes of the storage capacitors 22a and
22b are independent of each other and have such a structure as
receiving mutually different storage capacitor counter volt-
ages (CS signal voltages) from the storage capacitor lines 24a
and 24b, respectively.

[0010] Hereinafter, the principle on which mutually differ-
ent effective voltages can be applied to the respective liquid
crystal layers of the two subpixels 10a and 105 of the liquid
crystal display device 900 will be described with reference to
the accompanying drawings.

[0011] FIG. 48 schematically shows the equivalent circuit
of one pixel of the liquid crystal display device 900. In this
electrical equivalent circuit, the liquid crystal capacitors of
the respective subpixels SP-A (10a) and SP-B (105) are iden-
tified by CLC-A (13a) and CLC-B (135), respectively. Each
ofthese liquid crystal capacitors CLC-A and CLC-B includes
a subpixel electrode 18a, 185, a liquid crystal layer, and a
counter electrode (that is shared by the subpixel electrodes
18a and 185).

[0012] Theliquid crystal capacitors CLC-A and CLC-B are
supposed to have the same electrostatic capacitance CLC (V).
The value of CLC (V) depends on the effective voltages (V)
applied to the liquid crystal layers of the respective subpixels
SP-A and SP-B. Also, the storage capacitors CCS-A (22a)
and CCS-B (22b) that are connected independently of each
other to the liquid crystal capacitors of the respective subpix-
els SP-A and SP-B are supposed to have the same electro-
static capacitance CCS.

[0013] In the subpixel SP-A, one electrode of the liquid
crystal capacitor CLC-A and one electrode of the storage
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capacitor CCS-A are connected to the drain electrode of the
TFT-A (16a), which is provided to drive the subpixel SP-A.
The other electrode of the liquid crystal capacitor CLC-A is
connected to the counter electrode. And the other electrode of
the storage capacitor CCS-A is connected to the storage
capacitor line CS-A (24a). In the subpixel SP-B, one elec-
trode of the liquid crystal capacitor CLC-B and one electrode
of the storage capacitor CCS-B are connected to the drain
electrode of the TFT-B (165), which is provided to drive the
subpixel SP-B. The other electrode of the liquid crystal
capacitor CLC-B is connected to the counter electrode. And
the other electrode of the storage capacitor CCS-B is con-
nected to the storage capacitor line CS-B (245). The gate
electrodes of the TFT-A and TFT-B are both connected to the
G bus line (scan line) 12 and the source electrodes thereof are
both connected to the S bus line (signal line) 14.

[0014] Portions (a) through (f) of FIG. 49 schematically
show the timings to apply respective voltages to drive the
liquid crystal display device 900.

[0015] Specifically, portion (a) of FIG. 49 shows the volt-
age waveform Vs of the S bus line 14; portion (b) of FIG. 49
shows the voltage waveform Vcsa of the CS bus line CS-A;
portion (c) of FIG. 49 shows the voltage waveform Vesb of
the CS bus line CS-B; portion (d) of FIG. 49 shows the voltage
waveform Vg of the G bus line 12; portion (e) of FIG. 49
shows the voltage waveform Vlca of the subpixel electrode
18a; and portion (f) of FIG. 49 shows the voltage waveform
Vlcb of the subpixel electrode 185. In FIG. 49, the dashed line
indicates the voltage waveform COMMON (Vcom) of the
counter electrode.

[0016] Hereinafter, it will be described with reference to
portions (a) through (f) of FIG. 49 how the equivalent circuit
shown in FIG. 48 operates.

[0017] First, at a time T1, the voltage Vg rises from VgL to
VgH to turn the TFT-A and TFT-B ON simultaneously. As a
result, the voltage Vs on the S bus line 14 is transmitted to the
subpixel electrodes 18a and 185 to charge the liquid crystal
capacitors CLC-A and CLC-B of the subpixels SP-A and
SP-B with the voltage Vs. In the same way, the storage capaci-
tors CCS-A and CCS-B of the respective subpixels are also
charged with the voltage on the S bus line 14.

[0018] Next, at a time T2, the voltage Vg on the G bus line
12 falls from VgH to VgL to turn the TFT-A and TFT-B OFF
simultaneously and electrically isolate the liquid crystal
capacitors CLC-A and CLC-B of the subpixels SP-A and
SP-B and the storage capacitors CCS-A and CCS-B from the
S bus line 14. It should be noted that immediately after that,
due to the feedthrough phenomenon caused by parasitic
capacitances of the TFT-A and TFT-B and other factors, the
voltages Vica and Vicb applied to the respective subpixel
electrodes decrease by approximately the same voltage Vd to:

Vica=Vs-Vd
Vicb=Vs-Vd

respectively. Also, in this case, the voltages Vcsa and Vesb on
the CS bus lines are:

Vesa=Veom—Vad

Vesb=Vcom+Vad

respectively.
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[0019] Next, at a time T3, the voltage Vcsa on the CS bus
line CS-A connected to the storage capacitor CCS-A rises
from Vcom-Vad to Vcom+Vad and the voltage Vesb on the
CS bus line CS-B connected to the storage capacitor Csb falls
from Vcom+Vad to Vecom~-Vad. That is to say, these voltages
Vesa and Vesb both change twice as much as Vad. As the
voltages on the CS bus lines CS-A and CS-B change in this
manner, the voltages Vlca and Vicb applied to the respective
subpixel electrodes change into:

Vica=Vs-Vd+2xKexVad
Vichb=Vs-Vd-2xKcxVad
respectively, where Ke=CCS/(CLC(V)+CCS) and x is the

symbol of multiplication.

[0020] Next, at a time T4, Vcsa falls from Vcom+Vad to
Veom-Vad and Vesb rises from Veom-Vad to Vecom+Vad.
That is to say, these voltages Vcsaand Vesb both change twice
as much as Vad again. In this case, Vlca and Vlcb also change
from

Vica=Vs-Vd+2xKcxVad
Vicb=Vs-Vd-2xKcxVad
into

Vica=Vs-Vd
Vicb=Vs-Vd

respectively.

[0021] Next, at a time T5, Vcsa rises from Vcom-Vad to
Vcom+Vad and Vesb falls from Veom+Vad to Vcom-Vad.
That is to say, these voltages Vcsaand Vesb both change twice
as much as Vad again. In this case, Vlca and Vlcb also change
from

Vica=Vs-Vd
Vicb=Vs-Vd

into
Vica=Vs-Vd+2xKexVad
Vicb=Vs-Vd-2xKcxVad

respectively.

[0022] After that, every time a period of time that is an
integral number of times as long as one horizontal scanning
period (or one horizontal write period) 1H has passed, the
voltages Vesa, Vesb, Vica and Vicb alternate their levels at the
times T4 and T5. Consequently, the effective values of the
voltages Vlca and Vlicb applied to the subpixel electrodes
become:

Vica=Vs-Vd+KexVad
Vicb=Vs-Vd-KcxVad

respectively.

[0023] Therefore, the effective voltages V1 and V2 applied
to the liquid crystal layers 13a and 135 of the subpixels SP-A
and SP-B become:

V1=Vica-Vcom

V2=Vich-Vcom
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That is to say,
V1=Vs-Vd+Kex Vad-Vecom

V2=Vs-Vd-KcxVad-Vcom

respectively.
[0024] As aresult, the difference AV12 (=V1-V2) between
the effective voltages applied to the liquid crystal layers 13a
and 135 of the subpixels SP-A and SP-B becomes AV12=2x
KcexVad (where Ke=CCS/(CLC(V)+CCS)). Thus, mutually
different voltages can be applied to the liquid crystal layers
13a and 135.
[0025] FIG. 50 schematically shows the relation between
V1 and V2. As can be seen from FIG. 50, the smaller the V1
value, the bigger AV12 in the liquid crystal display device
900. Since AV12 increases as the V1 value decreases in this
manner, the whitening phenomenon can be reduced, among
other things.
[0026] However, if the multi-pixel structure disclosed in
Patent Document No. 3 is applied to either a high-definition
LCD TV monitor or a large-screen LCD TV monitor, the
following problem will arise. Specifically, as the definition or
the screen size of a display panel increases, the oscillating
voltage comes to have an even shorter period of oscillation.
Consequently, it becomes increasingly difficult (and expen-
sive) to make a circuit for generating the oscillating voltage,
the power dissipation will increase too much, or the influence
of waveform blunting due to the electrical load impedance of
the CS bus lines will be more and more significant. Never-
theless, ifa plurality of electrically independent CS trunks are
arranged and connected to the multiple CS bus lines as dis-
closed in Patent Document No. 4, one period of oscillation of
the oscillating voltage applied to the storage capacitor
counter electrodes via the CS bus lines can be extended. The
entire disclosures of Patent Documents Nos. 3 and 4 are
hereby incorporated by reference.
[0027] Patent Document No. 1: Japanese Patent Gazette for
Opposition No. 63-21907
[0028] Patent Document No. 2: Japanese Patent Applica-
tion Laid-Open Publication No. 11-242225
[0029] Patent Document No. 3: Japanese Patent Applica-
tion Laid-Open Publication No. 2004-62146 (correspond-
ing to U.S. Pat. No. 6,958,791)

[0030] Patent Document No. 4: WO 2006/070829 Al
DISCLOSURE OF INVENTION
Problems to be Solved by the Invention
[0031] The applicant (or assignee) of the present applica-

tion is commercially selling big-screen LCD TV sets with a
liquid crystal display device, to which the multi-pixel tech-
nology disclosed in Patent Documents Nos. 3 and 4 is applied.
The conventional multi-pixel technology adopts a dual sub-
pixel structure in which each pixel is split into two subpixels
with mutually different luminances (i.e., a bright subpixel and
a dark subpixel). However, the present inventors discovered
that such a dual subpixel structure would not be enough to
further increase the screen size and further reduce the viewing
angle dependence of the y characteristic. Specifically, the
bigger the size of a single pixel becomes as the screen size of
a display device increases, the more easily the checkerboard
pattern formed by the bright and dark subpixels will be seen
as jaggedness of the image on the screen when a grayscale
tone is displayed.
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[0032] Also, thetwo division structure averages the degrees
of viewing angle dependence of the y characteristic by super-
posing the V-T curves (i.e., voltage-luminance (display gray-
scale) curves) of the two subpixels one upon the other. That is
why the y characteristic curve at an oblique viewing angle
does not vary smoothly but comes to have a locally depressed
portion. Consequently, when viewed from an oblique viewing
angle, the image on the screen will look unnatural, which is a
problem.

[0033] To overcome such a problem, each pixel may be
divided into three or more subpixels. In other words, the V-T
curve of a single pixel may be represented by superposing
three or more different V-T curves one upon the other. To
increase the pixel division number according to the multi-
pixel technology disclosed in Patent Document No. 3, the
number of electrically independent storage capacitor counter
voltages (CS signal voltages) may be increased along with the
pixel division number.

[0034] However, to provide electrically independent stor-
age capacitor counter voltages, the number of CS trunks
should be increased and the drivers should get complicated,
thus increasing the overall cost. In order to make big-screen
LCD TVs even more popular, reasonable pricing is no less
important as improvement of their display performance. That
is why it is difficult to adopt such a method.

[0035] It is therefore an object of the present invention to
provide a liquid crystal display device that realizes a multi-
subpixel structure with three or more subpixels without com-
plicating the driver of a conventional liquid crystal display
device having the dual subpixel structure.

Means for Solving the Problems

[0036] A liquid crystal display device according to the
present invention includes: a plurality of pixels that are
arranged in rows and columns so as to form a matrix pattern;
and TFTs, source bus lines, gate bus lines and CS bus lines,
which are associated with the respective pixels. Each said
pixel includes at least three subpixels with liquid crystal
capacitors that are able to retain mutually different voltages.
By supplying a signal that makes two of the at least three
subpixels display mutually different luminances at least at a
certain grayscale tone from the source, gate and CS bus lines
to each said pixel, the at least three subpixels are able to
display mutually different luminances.

[0037] In one preferred embodiment, each said pixel is
associated with at least three TFTs for the at least three
subpixels, one source bus line, at least one gate bus line and at
least two CS bus lines. Each of the TFTs associated with the
at least three subpixels includes a gate electrode, a source
electrode and a drain electrode.

[0038] Inone preferred embodiment, the at least three sub-
pixels have liquid crystal capacitors, which include at least
three subpixel electrodes, a liquid crystal layer, and a counter
electrode that faces the at least three subpixel electrodes with
the liquid crystal layer interposed between them. The counter
electrode is a single electrode that is provided in common for
the at least three subpixel electrodes.

[0039] In one preferred embodiment, if the at least three
subpixels are comprised of first, second and third subpixels
and the at least two CS bus lines are comprised of first and
second CS bus lines, the first subpixel has a storage capacitor
that is connected to the first CS bus line, the second subpixel
has a storage capacitor that is connected to the second CS bus
line, and the third subpixel has a storage capacitor that is
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connected to the first CS bus line and a storage capacitor that
is connected to the second CS bus line.

[0040] In one preferred embodiment, the gate bus line
includes first and second gate lines, the first CS bus line
includes first and second CS lines, and the second CS bus line
includes third and fourth CS lines.

[0041] In one preferred embodiment, the first and second
gate lines, the first and second CS lines and the third and
fourth CS lines are all branched within the liquid crystal
display device.

[0042] In one preferred embodiment, the first, second and
third subpixels are arranged in a column direction, and the
third subpixel is arranged between the first and second sub-
pixels.

[0043] In one preferred embodiment, the third subpixel
includes a TFT, of which the gate electrode is connected to the
first gate line, and another TFT, of which the gate electrode is
connected to the second gate line.

[0044] In one preferred embodiment, the gate bus line fur-
ther includes an interconnect that connects the first and sec-
ond gate lines together. The CS bus line further includes an
interconnect that connects the first and second CS lines
together and/or an interconnect that connects the third and
fourth CS lines together. The interconnect of the gate bus line
is made of the same material as the first and second gate lines
of the gate bus line. And the interconnects of the CS bus line
are made of the same material as the source bus line.

[0045] In one preferred embodiment, in the third subpixel,
the storage capacitor connected to the first CS bus line and the
storage capacitor connected to the second CS bus line have
substantially equal electrostatic capacitance values.

[0046] Inone preferred embodiment, if the first, second and
third subpixels display mutually different luminances, the
luminance of the third subpixel is higher than that of one of
the first and second subpixels but lower than that of the other.
And the respective third subpixels are arranged in stripes in
the column direction.

[0047] In one preferred embodiment, the first and second
subpixels are arranged in the column direction, and the source
bus line is arranged between the first and second subpixels
and the third subpixel.

[0048] In one preferred embodiment, the first, second and
third subpixels have an area ratio of one to one to one.
[0049] In one preferred embodiment, the third subpixel
straddles the gate bus line.

[0050] In one preferred embodiment, the subpixel elec-
trode of the third subpixel straddles the gate bus line.

[0051] In one preferred embodiment, when measured in a
row direction, the length of a portion of the subpixel electrode
of the third subpixel, which straddles the gate bus line, is
smaller than the maximum length of the subpixel electrode of
the third subpixel.

[0052] Inone preferred embodiment, the drain electrode of
the TFT of the third subpixel straddles the gate bus line.
[0053] In one preferred embodiment, the subpixel elec-
trode of the third subpixel includes first and second elec-
trodes. The drain electrode of the TFT of the third subpixel is
arranged parallel to the source bus line and connects together
the first and second electrodes of the subpixel electrode of the
third subpixel.

[0054] Inone preferred embodiment, a portion of the drain
electrode of the TFT of the third subpixel that overlaps with
the gate bus line has a smaller area than a portion of the drain
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electrode of the TFT of the first and second subpixels that
overlaps with the gate bus line.

[0055] In one preferred embodiment, the first and second
subpixels are arranged in the column direction. The third
subpixel has first and second regions. The source bus line
includes a first source line that is arranged between the first
and second subpixels and the first region of the third subpixel
and a second source line that is arranged between the first and
second subpixels and the second region of the third subpixel.
When measured in the column direction, each of the first and
second subpixels is a half as long as each of the first and
second regions of the third subpixel. And when measured in
the row direction, each of the first and second subpixels is
approximately four times as long as the first or second region
of the third subpixel.

[0056] In one preferred embodiment, the third subpixel
includes subpixel electrodes that are provided for the first and
second regions, and multiple TFTs are connected to each of
the subpixel electrodes of the first, second and third subpixels.
[0057] In one preferred embodiment, multiple TFTs are
provided for each of the first and second source lines. The
third subpixel includes TFTs that are provided for the firstand
second regions. And each of the drain electrodes of the TFTs
that are provided for the first and second regions of the third
subpixel has a smaller area than the area of each of the drain
electrodes of the TFTs of the first and second subpixels.
[0058] In one preferred embodiment, multiple TFTs are
provided for each of the first and second subpixels, and the
number of TFTs provided for each of the first and second
regions is smaller than that of TFTs provided for each of the
first and second subpixels.

[0059] Inone preferred embodiment, at a certain grayscale
tone, the first subpixel has a higher luminance than any other
of the at least three subpixels, and at least one of the second
and third subpixels has two areas that are arranged so as to
interpose the first subpixel between them.

[0060] Inone preferred embodiment, the at least one of the
second and third subpixels includes a subpixel electrode that
extends continuously through the two regions.

[0061] In one preferred embodiment, the subpixel elec-
trode that extends continuously through the two regions has a
ring shape.

[0062] In one preferred embodiment, the subpixel elec-
trode that extends continuously through the two regions has a
U-shape.

[0063] Inone preferred embodiment, the at least one of the
second and third subpixels includes two subpixel electrodes,
which are provided for the two regions and which are con-
nected together with a drain extension line that is connected to
the drain electrode of the TFT associated with that subpixel.
[0064] Inone preferred embodiment, the liquid crystal dis-
play device includes three drain extension lines that are
respectively connected to the drain electrodes of the three
TFTs. At least one of the first and second CS bus lines has an
extended portion. The extended portion overlaps with at least
one of the three or more subpixel electrodes and the three
drain extension lines with an insulating layer interposed
between them.

[0065] In one preferred embodiment, the extended portion
that the at least one of the first and second CS bus lines has
includes a ringlike portion.

[0066] In one preferred embodiment, a portion of at least
one line selected from the group consisting of the drain exten-
sion line, the source bus line, and the first and second CS bus
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lines is arranged in a gap between two adjacent ones of the at
least three subpixel electrodes.

[0067] Inone preferred embodiment, the liquid crystal dis-
play device includes a vertical alignment liquid crystal layer,
and the gap between the two adjacent ones of the at least three
subpixel electrodes includes a gap that extends in a direction
that defines an angle of approximately 45 degrees with
respect to the column direction.

[0068] In one preferred embodiment, the first, second and
third subpixels are arranged between the first and second CS
bus lines, each of which is connected to the storage capacitor
of a pixel that is adjacent to the line in the column direction.
[0069] In one preferred embodiment, in each of the sub-
pixel electrodes of the first, second and third subpixels, the
two sides thereof running in the column direction have
approximately equal lengths.

[0070] In one preferred embodiment, the at least one gate
bus line includes first and second gate lines. The third sub-
pixel includes a TFT, of which the gate electrode is connected
to the first gate line, and a TFT, of which the gate electrode is
connected to the second gate line. The drain electrodes of
these two TFTs of the third subpixel are respectively con-
nected to two drain extension lines, which intersect with the at
least one gate bus line.

[0071] In one preferred embodiment, the at least one gate
bus line includes a gate line. The third subpixel includes two
TFTs, of which the gate electrodes are connected to the gate
line. The drain electrodes of the two TFTs of the third sub-
pixel are respectively connected to the two drain extension
lines. And the subpixel electrode of the third subpixel
straddles the gate bus line.

[0072] In one preferred embodiment, the subpixel elec-
trode of the third subpixel includes a first electrode, a second
electrode, and a coupling portion that couples the first and
second electrodes together. When measured in the row direc-
tion, the coupling portion is shorter than the first and second
electrodes.

[0073] In one preferred embodiment, the coupling portion
of the subpixel electrode of the third subpixel is located
around the center of the pixel in the row direction.

[0074] In one preferred embodiment, the respective gate
electrodes of the TFT of the first subpixel and one of the two
TFTs of the third subpixel and/or the respective gate elec-
trodes of the TFT of the second subpixel and the other TET of
the third subpixel are arranged so as to form integral parts of
a gate electrode section and connected to the gate bus line.
The respective drain electrodes of the TFTs of the first and
second subpixels overlap with the gate electrode section and
the gate bus line.

[0075] In one preferred embodiment, the two drain exten-
sion lines overlap with the first and second CS bus lines,
respectively. The subpixel electrodes of the first and second
subpixels do not overlap with a region where the two drain
extension lines overlap with the first and second CS bus lines.
[0076] In one preferred embodiment, the subpixel elec-
trode of the third subpixel is connected to the two drain
extension lines through contact holes, and the two drain
extension lines have storage capacitor electrodes that overlap
with the first and second CS bus lines respectively.

[0077] In one preferred embodiment, the at least one gate
bus line includes first and second gate lines, and the third
subpixel includes a TFT, of which the gate electrode is con-
nected to either the first gate line or the second gate line.
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[0078] Inone preferred embodiment, the drain electrode of
the TFT of the third subpixel is connected to a drain extension
line, which overlaps with the first and second CS bus lines.
And the subpixel electrodes of the first and second subpixels
do not overlap with a region where the drain extension line
overlaps with the first and second CS bus lines.

[0079] In one preferred embodiment, when viewed in the
row direction, the gate electrode of the TFT of each said third
subpixel is connected to one of the two gate lines after another
at least every other pixel.

[0080] In one preferred embodiment, in two pixels that are
adjacent to each other in the row direction, the gate electrode
of the TFT of the third subpixel in one of the two pixels is
connected to the first gate line, while the gate electrode of the
TFT ofthe third subpixel in the other pixel is connected to the
second gate line.

[0081] Inone preferred embodiment, the drain electrode of
the TFT of the third subpixel has a smaller area than that of the
TFT of the first and second subpixels.

[0082] In one preferred embodiment, the first, second and
third subpixels have substantially equal areas.

[0083] In one preferred embodiment, each said pixel fur-
ther includes a fourth subpixel, and the fourth subpixel
includes a storage capacitor that is connected to the first CS
bus line and a storage capacitor that is connected to the second
CS bus line.

[0084] In one preferred embodiment, if the storage capaci-
tors that are connected to the first and second CS bus lines in
the third subpixel are called a first storage capacitor and a
second storage capacitor, respectively, and if the storage
capacitors that are connected to the first and second CS bus
lines in the fourth subpixel are called a third storage capacitor
and a fourth storage capacitor, respectively, then the first and
second storage capacitors have mutually different electro-
static capacitance values, and the third and fourth storage
capacitors have mutually different electrostatic capacitance
values.

[0085] In one preferred embodiment, the source bus line
includes first and second source lines. The first and second
subpixels are arranged in the column direction between the
first and second source lines. The third subpixel is arranged
with respect to the first and second subpixels with the first
source line interposed between them, and the fourth subpixel
is arranged with respect to the first and second subpixels with
the second source line interposed between them.

[0086] In one preferred embodiment, the third and fourth
subpixels straddle the gate bus line.

[0087] In one preferred embodiment, each of the first, sec-
ond, third and fourth subpixels has a plurality of TFTs.
[0088] In one preferred embodiment, the subpixel elec-
trodes of the third and fourth subpixels straddle the gate bus
line.

[0089] Inone preferred embodiment, when measured in the
row direction, the length of respective portions of the subpixel
electrodes of the third and fourth subpixels, which straddle
the gate bus line, is smaller than the maximum length of the
subpixel electrodes of the third and fourth subpixels.

[0090] In one preferred embodiment, the drain electrodes
of'the TFTs of the third and fourth subpixels straddle the gate
bus line.

[0091] In one preferred embodiment, the subpixel elec-
trode of each of the third and fourth subpixels includes two
electrodes. The drain electrode of the TFT of each of the third



US 2013/0250198 Al

and fourth subpixels is arranged parallel to the source bus line
and connects together the two electrodes of its associated
subpixel electrode.

[0092] In one preferred embodiment, the respective drain
electrodes of the TFTs of the first, second, third and fourth
subpixels overlap with the gate bus line, and a portion of the
drain electrode of the TFT of each of the third and fourth
subpixels that overlaps with the gate bus line has a smaller
area than a portion of the drain electrode of the TFT of each of
the first and second subpixels that overlaps with the gate bus
line.

[0093] In one preferred embodiment, each of the first and
second subpixels has a plurality of TFTs, and the third and
fourth subpixels have a smaller number of TFTs than the first
and second subpixels.

[0094] Inone preferred embodiment, the first, second, third
and fourth subpixels have approximately equal areas.

[0095] In one preferred embodiment, if the at least three
subpixels are comprised of first, second and third subpixels
and the at least two CS bus lines are comprised of first and
second CS bus lines, the first subpixel has a storage capacitor
that is connected to the first CS bus line, the second subpixel
has a storage capacitor that is connected to the second CS bus
line, and the third subpixel has a storage capacitor that is
connected to the at least one gate bus line.

[0096] In one preferred embodiment, the first, second and
third subpixels are arranged between two adjacent gate bus
lines. The respective gate electrodes of the TFTs of the first,
second and third subpixels are connected to one of the two
gate bus lines. The first and second CS bus lines are also
arranged between the two gate bus lines. The storage capaci-
tor of the third subpixel is connected to the other gate bus line
of the two.

[0097] In one preferred embodiment, the first, second and
third subpixels are arranged between the first and second CS
bus lines, and the storage capacitor of the third subpixel is
connected to a gate bus line for selecting pixels that are
adjacent to each other in the column direction.

[0098] In one preferred embodiment, the pixels include a
red pixel to represent the color red, a blue pixel to represent
the color blue, and a green pixel to represent the color green,
and the blue pixel has a narrower cell gap than the red pixel or
the green pixel.

Effects of the Invention

[0099] The present invention provides a liquid crystal dis-
play device that realizes a three division structure without
complicating the driver, thus contributing to improving the
display quality (especially in terms of the viewing angle
dependence of the y characteristic) while suppressing the
increase in cost.

BRIEF DESCRIPTION OF DRAWINGS

[0100] FIG.1 schematically illustrates an equivalent circuit
representing one pixel of aliquid crystal display device 100 as
a preferred embodiment of the present invention.

[0101] FIG. 2 illustrates how to drive the liquid crystal
display device 100 by the waveforms of a Gate signal, a CS
signal (storage capacitor counter voltage) and a pixel voltage
(i.e., a voltage applied to the liquid crystal capacitor of each
subpixel).

[0102] FIG. 3 is a graph showing the y characteristics of
MVA mode liquid crystal display devices.
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[0103] FIG. 4 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
100A as another preferred embodiment of the present inven-
tion.

[0104] FIG. 5 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
100B as still another preferred embodiment of the present
invention.

[0105] FIG. 6 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
100C as yet another preferred embodiment of the present
invention.

[0106] FIG. 7 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
100D as yet another preferred embodiment of the present
invention.

[0107] FIG. 8 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
200A as yet another preferred embodiment of the present
invention.

[0108] FIG. 9 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
200B as yet another preferred embodiment of the present
invention.

[0109] FIG. 10 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
200C as yet another preferred embodiment of the present
invention.

[0110] FIG. 11 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
200C' as yet another preferred embodiment of the present
invention.

[0111] FIG. 12 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
200D as yet another preferred embodiment of the present
invention.

[0112] FIG. 13 schematically illustrates the structure of a
pixel on the TFT substrate of an MVA mode liquid crystal
display device 3008 as yet another preferred embodiment of
the present invention.

[0113] FIG. 14 schematically illustrates the structure of a
pixel on the TFT substrate of an MVA mode liquid crystal
display device 300C as yet another preferred embodiment of
the present invention.

[0114] FIGS. 15(a) and 15(b) respectively show an
arrangement of subpixels and the viewing angle dependence
of a y characteristic in a situation where a two division struc-
ture (2VT structure) is adopted.

[0115] FIGS.16(a)and 16(b) respectively show a preferred
arrangement of subpixels and the viewing angle dependence
of a y characteristic in a situation where a three division
structure (3VT structure) is adopted.

[0116] FIGS. 17(a) and 17(b) respectively show another
preferred arrangement of subpixels and the viewing angle
dependence of a y characteristic in a situation where a three
division structure (3VT structure) is adopted.

[0117] FIG. 18 schematically illustrates an equivalent cir-
cuit of a liquid crystal display device 400A as yet another
preferred embodiment of the present invention.

[0118] FIG. 19 schematically illustrates an equivalent cir-
cuit of a liquid crystal display device 400B as yet another
preferred embodiment of the present invention.

[0119] FIG. 20(a) is a schematic plan view of the TFT
substrate of a liquid crystal display device 500A as another
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preferred embodiment of the present invention and FIG. 20()
is a schematic plan view of the TFT substrate of a liquid
crystal display device 550 with a two division structure.
[0120] FIGS. 21(a) through 21(c) are schematic represen-
tations showing how horizontal shadows are produced.
[0121] FIG. 22 is a schematic plan view illustrating a liquid
crystal display device 300D as another preferred embodiment
of the present invention.

[0122] FIG. 23 is a schematic plan view illustrating a liquid
crystal display device 300E as another preferred embodiment
of the present invention.

[0123] FIG. 24 is a schematic plan view illustrating a liquid
crystal display device 300F as another preferred embodiment
of the present invention.

[0124] FIG.25is aschematic plan view illustrating the TFT
substrate of a liquid crystal display device 500B as another
preferred embodiment of the present invention.

[0125] FIG. 26 is a schematic plan view illustrating the TFT
substrate of a liquid crystal display device 500C as another
preferred embodiment of the present invention.

[0126] FIG. 27 schematically illustrates an equivalent cir-
cuit representing one pixel of a liquid crystal display device
500D1 as yet another preferred embodiment of the present
invention.

[0127] FIG. 28 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
500D1 as the preferred embodiment of the present invention.
[0128] FIG. 29 schematically illustrates an equivalent cir-
cuit representing one pixel of a liquid crystal display device
500D2 as yet another preferred embodiment of the present
invention.

[0129] FIG. 30 schematically illustrates the structure of a
pixel on the TFT substrate of the liquid crystal display device
500D2 as the preferred embodiment of the present invention.
[0130] FIG. 31 schematically illustrates an equivalent cir-
cuit representing one pixel of a liquid crystal display device
500E as yet another preferred embodiment of the present
invention.

[0131] FIG. 32 schematically illustrates the structure of a
pixel on the TFT substrate of a liquid crystal display device
500FE as the preferred embodiment of the present invention.
[0132] FIG. 33 schematically illustrates an equivalent cir-
cuit representing one pixel of a liquid crystal display device
600A as yet another preferred embodiment of the present
invention.

[0133] FIG. 34 schematically illustrates the structure on the
TFT substrate of the liquid crystal display device 600A as yet
another preferred embodiment of the present invention.
[0134] FIG. 35 schematically illustrates an equivalent cir-
cuit representing one pixel of a liquid crystal display device
600B as yet another preferred embodiment of the present
invention.

[0135] FIG. 36 schematically illustrates the structure on the
TFT substrate of a liquid crystal display device 600B as yet
another preferred embodiment of the present invention.
[0136] FIG. 37 schematically illustrates an equivalent cir-
cuit representing one pixel of a liquid crystal display device
600C as yet another preferred embodiment of the present
invention.

[0137] FIG. 38 shows the waveforms of signals applied to a
liquid crystal display device 600C.

[0138] FIG. 39 schematically illustrates the structure on the
TFT substrate of a liquid crystal display device 600C1 as yet
another preferred embodiment of the present invention.
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[0139] FIG. 40 schematically illustrates the structure on the
TFT substrate of a liquid crystal display device 600C2 as yet
another preferred embodiment of the present invention.
[0140] FIG. 41 schematically illustrates the structure on the
TFT substrate of a liquid crystal display device 600C3 as yet
another preferred embodiment of the present invention.
[0141] FIG. 42 schematically illustrates the structure on the
TFT substrate of a liquid crystal display device 600C4 as yet
another preferred embodiment of the present invention.
[0142] FIG. 43 is a graph showing the viewing angle depen-
dences of the y characteristics in a liquid crystal display
device with a 4VT structure.

[0143] FIGS. 44(a) through 44(d) are graphs showing the
viewing angle characteristics of liquid crystal display devices
with the 3VT structure.

[0144] FIGS. 45(a) and 45(5) are graphs showing the view-
ing angle characteristics of liquid crystal display devices with
the 4VT structure.

[0145] FIGS. 46(a) and 46(b) are schematic representa-
tions of a TV receiver including a liquid crystal display device
according to any of the preferred embodiments of the present
invention.

[0146] FIG. 47 illustrates the multi-subpixel structure of
the liquid crystal display device 900 disclosed in Patent
Document No. 3.

[0147] FIG. 48 schematically illustrates an equivalent cir-
cuit representing one pixel of the liquid crystal display device
900.

[0148] Portions (a) through (f) of FIG. 49 show the timings
to apply respective voltages to drive the liquid crystal display
device 900.

[0149] FIG. 50 shows a relation between the voltages
applied to the liquid crystal layers of respective subpixels in
the liquid crystal display device 900.

DESCRIPTION OF REFERENCE NUMERALS

[0150] 10 pixel

[0151] 104, 105 subpixel

[0152] 12 scan line (gate bus line)

[0153] 14 signal line (source bus line)

[0154] 16a, 166 TFT

[0155] 18a, 185 subpixel electrode

[0156] 100,100A,100B, 100C, 100D, 200A, 200B, 200C,

200C', 200D, 300B, 300C, 300D, 300E, 300F, 400A,
400B, 500A, 500B, 500C, 500D, 600A, 600B, 600C,
600C1,600C2, 600C3, 600C4 liquid crystal display device

[0157] 111a, 1115, 111c¢ subpixel electrode

[0158] 112 gate bus line (G bus line)

[0159] 113 CS bus line

[0160] 114 source bus line (S bus line)

[0161] 116a,116b,116c TFT

[0162] 117a, 1175, 117¢, 1171, 117c2, 11741, 11742

drain extension line
[0163] 1184, 1185, 118¢1, 118¢2, 11841, 11842 storage
capacitor electrode

[0164] 119a, 1195, 119¢ contact portion
[0165] SP-A, SP-B, SP-C, SP-D subpixel
[0166] TFT-A, TFT-A1, TFT-A2, TFT-B, TF1-B1, TFT-

B2, TFT-C, TFT-C1, TFT-C2, TFT-D, TFT-D1, TFT-D2
thin-film transistor

[0167] CCS-A, CCS-B, CCS-C, CCS-C1, CCS-C2, CCS-
D, CCS-D1, CCS-D2 storage capacitor

[0168] CLC-A, CLC-B, CLC-C, CLC-D liquid crystal
capacitor
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BEST MODE FOR CARRYING OUT THE
INVENTION

[0169] Hereinafter, configurations for a liquid crystal dis-
play device as a preferred embodiment of the present inven-
tionand a TFT substrate for use in the device will be described
with reference to the accompanying drawings. It should be
noted that the present invention is in no way limited to specific
preferred embodiments to be described below.

[0170] FIG.1 schematically illustrates an equivalent circuit
of one pixel of a liquid crystal display device 100 as a specific
preferred embodiment of the present invention. Each pixel of
the liquid crystal display device 100 includes three subpixels
SP-A, SP-B and SP-C and is associated with three thin-film
transistors TFT-A, TFT-B and TFT-C (for the three subpixels
SP-A, SP-B and SP-C, respectively), one source bus line (S
bus line), one gate bus line (G bus line) and two CS bus lines
CS-A and CS-B.

[0171] Comparing the liquid crystal display device 100 to
the equivalent circuit of the conventional liquid crystal dis-
play device 900 shown in FIG. 48, it can be seen easily that
each pixel of the liquid crystal display device 100 has three
subpixels SP-A, SP-B and SP-C but the rest of the liquid
crystal display device 100, other than the pixel, has the same
number of G bus line, S bus line and CS bus lines and the same
driver (not shown) for supplying signals (or voltages) to these
lines as the conventional liquid crystal display device 900. In
this manner, the liquid crystal display device 100 realizes a
three division structure without complicating the driver of the
conventional liquid crystal display device 900 with the two
division structure. Consequently, according to this preferred
embodiment of the present invention, the display quality (es-
pecially in terms of the viewing angle dependence of the y
characteristic) can be improved with the increase in cost
reduced.

[0172] In the liquid crystal display device 100, the two
subpixels SP-A and SP-B are connected to TFT-A, TFT-B, the
G bus line, the S bus line and the two electrically independent
CS bus lines in quite the same way as in the liquid crystal
display device 900, and the description thereof will be omit-
ted herein for the sake of simplicity. The third subpixel SP-C
that is an additional subpixel for the liquid crystal display
device 900 is connected in the following manner.

[0173] The subpixel SP-C includes a liquid crystal capaci-
tor CLC-C and two storage capacitors CCS-C1 and CCS-C2.
One electrode (i.e., subpixel electrode) of the liquid crystal
capacitor CLC-C, one electrode (i.e., the storage capacitor
electrode) of the storage capacitor CCS-C1 and one electrode
of'the storage capacitor CCS-C2 are all connected to the drain
electrode of TFT-C. Just like the other thin-film transistors
TFT-A and TFT-B, TFT-C also has its gate electrode con-
nected to the common G bus line and has its source electrode
connected to the S bus line. The other electrode (i.e., the
counter electrode) of the liquid crystal capacitor CLC-C is the
counter electrode that is shared in common by the other liquid
crystal capacitors CLC-A and CLC-B. On the other hand, the
other electrode (i.e., the storage capacitor counter electrode)
of the storage capacitor CCS-C1 is connected to the CS bus
line CS-A, while the other electrode (i.e., the storage capaci-
tor counter electrode) of the storage capacitor CCS-C2 is
connected to the CS bus line CS-B. Consequently, the voltage
applied to the liquid crystal capacitor CLC-C is pulled up (or
down) by the CS bus line CS-A and pulled down (or up) by the
CS bus line CS-B by way of the two storage capacitors CCS-
C1 and CCS-C2 to have an intermediate value between the
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respective effective voltages applied to the liquid crystal
capacitors CLC-A and CLC-B.

[0174] In this example, the three TFTs are connected in
common to the same G bus line. However, the present inven-
tion is in no way limited to this specific preferred embodi-
ment. Each pixel may also be associated with a plurality of G
bus lines. For example, a single G bus line may be provided
for each TFT.

[0175] FIG. 2 illustrates how to drive the liquid crystal
display device 100 by the waveforms of a Gate signal, a CS
signal (storage capacitor counter voltage), a signal voltage
supplied from the S bus line (i.e., a source signal (S signal))
and a pixel voltage (i.e., a voltage applied to the liquid crystal
capacitor of each subpixel=voltage at the subpixel electrode
of each subpixel). In FIG. 2, the dashed line indicates the
waveform of the voltage COMMON (Vcom) at the counter
electrode. When the gate signal goes high from low on a gate
bus line (e.g., Gate: 001 in this example), the signal voltage is
written on the respective subpixels. And the signal voltage
written on the respective subpixels is then pulled up, pulled
down, and pulled up and down at the same time as described
above. As a result, the voltages at the respective subpixel
electrodes come to have the waveforms VClc-A, VClc-B and
VClc-C. It should be noted that the feedthrough voltage that
could be generated under the influence of the parasitic capaci-
tance of each TFT is not taken into consideration for the sake
of simplicity. The one dot chains representing the waveforms
of the voltages applied to the pixel indicate the effective
voltages at the subpixel electrodes. However, since VClc-C
has no waveform variations, its effective voltage becomes
identical with the waveform of VCle-C.

[0176] Hereinafter, it will be described how to get a dot
inversion drive done typically. In such a drive, the signal
voltage inverts its polarity every one vertical scanning period
(which is as long as one frame period of the input video signal
in this example), and the polarities of pixels that are adjacent
to each other are inverted in the row and column directions. In
this example, a positive voltage is supposed to be written on
a pixel in question in the n” frame n F and a negative voltage
is supposed to be written on that pixel in the (n+1)” frame n+1
F. In the following description, “one vertical scanning period”
is not defined by the input video signal but defined for a liquid
crystal display device to be an interval between a point in time
when a signal voltage is supplied to a pixel and a point in time
when the next signal voltage is supplied to the same pixel
again, unless otherwise stated. For example, an NTSC signal
has one frame period of 33.3 ms. Normally, in a liquid crystal
display device, the signal voltage is supposed to be written on
every pixel within one field period of 16.7 ms, which is a half
frame period of the NTSC signal. Thatisto say, 16.7 msis one
vertical scanning period of the liquid crystal display device. If
the liquid crystal display device should be driven twice faster
in order to improve its response characteristic, for example,
one vertical scanning period of the liquid crystal display
device should be further halved to 8.3 ms. It should also be
noted that the “signal voltage” applied to each pixel is not just
avoltage corresponding to the grayscale to display (i.e., gray-
scale voltage) but could also be an overshoot voltage for
improving the response characteristic, a black display voltage
for carrying out a pseudo-impulse drive (black insertion
drive) or any other voltage applied to the pixel.

[0177] Since a positive voltage is written in the n” frame,
the effective voltage applied to the liquid crystal capacitor
CLC-A, to which the CS signal VCS-A that has its amplitude
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increased right after the gate signal has fallen is supplied, is
pulled up by the CS voltage. As a result, the subpixel SP-A
including the liquid crystal capacitor CLC-A becomes a
bright subpixel. On the other hand, the effective voltage
applied to the liquid crystal capacitor CLC-B, to which the CS
signal VCS-B that has its amplitude decreased right after the
gate signal has fallen is supplied, is pulled down by the CS
voltage. As a result, the subpixel SP-B including the liquid
crystal capacitor CLC-B becomes a dark subpixel.

[0178] Meanwhile, the effective voltage applied to the lig-
uid crystal capacitor CLC is both pulled up by VCS-A and
pulled down by VCS-B at the same time to have an interme-
diate value between the respective effective voltages applied
to the liquid crystal capacitors CLC-A and CLC-B. As a
result, the subpixel SP-C including the liquid crystal capaci-
tor CLC-C comes to have a moderate luminance (which will
be sometimes referred to herein as a “moderate subpixel”). In
this example, the two storage capacitors CCS-C1 and CCS-
C2 of the subpixel SP-C are supposed to have the same
electrostatic capacitance value. In that case, the effects of
VCS-A and VCS-B will cancel each other, and therefore, a
voltage that is as high as the signal voltage is eventually
applied to the liquid crystal capacitor CLC-C. In a situation
where such a voltage that is as high as the signal voltage is
applied to the liquid crystal capacitor CLC-C, the subpixel
SP-C may have only one storage capacitor that has an on-gate
structure. That is to say, if the storage capacitor is designed
such that the G bus line is used in place of the CS bus line, the
same effect can be achieved without complicating the driver.

[0179] However, the present invention is in no way limited
to this specific preferred embodiment. By appropriately set-
ting the values of the storage capacitors CCS-C1 and CCS-
C2, the luminance of the subpixel SP-C can be brought closer
to either that of the subpixel SP-A or that of the subpixel
SP-B. Considering the viewing angle dependence of the vy
characteristic, however, the luminance ofthe subpixel SP-Cis
preferably an intermediate value between the respective lumi-
nances of the subpixels SP-A and SP-B, and the subpixels
SP-A, SP-B and SP-C preferably have an equal area (see FIG.
17) as will be described later. In this case, if the luminance of
the subpixel SP-C is brought closer to that of the bright
subpixel, the contrast ratio can be increased. On the other
hand, if the luminance of the subpixel SP-C is brought closer
to that of the dark subpixel, the viewing angle dependence of
the v characteristic can be reduced at low grayscales, among
other things.

[0180] Also, as can be seen easily from the foregoing
description, if two such subpixels SP-C, each having two
storage capacitors, are provided and if the electrostatic
capacitance values of those two storage capacitors are appro-
priately set in each of the two subpixels SP-C, then four
subpixels with four different luminances can be obtained. For
example, another subpixel SP-D that is electrically equivalent
to the subpixel SP-C may be added to FIG. 1. Just like SP-C,
SP-D also has a liquid crystal capacitor CLC-D and two
storage capacitors CCS-D1 and CCS-D2. In this case, if the
electrostatic capacitance values of the storage capacitors
CCS-C1 and CCS-C2 are adjusted so that the pull-up (or
pull-down) dominates the subpixel SP-C and if the electro-
static capacitance values of the storage capacitors CCS-D1
and CCS-D2 are adjusted so that the pull-down (or pull-up)
dominates the subpixel SP-D, subpixels with four different
luminances can be obtained. By providing such subpixels
with four different luminances in this manner, the viewing

Sep. 26, 2013

angle dependence of the y characteristic can be further
reduced. Nevertheless, in the following example, a liquid
crystal display device with a three division structure, which is
the most basic embodiment of the present invention, will be
described.

[0181] FIG. 3 is a graph showing the respective character-
istics of MVA mode liquid crystal display devices that have
no multi-subpixel structure (by the curve 10), a two division
structure (by the curve [.2), and a three division structure
(L=3) at a viewing angle of 60 degrees on the right-hand side
along with an ideal y curve (L1). It can be seen that the shift of
the v curve toward higher luminances when the image on an
MVA mode liquid crystal display device is viewed at an
oblique viewing angle is reduced by the pixel division tech-
nique. Also, the y curve L3 of the three division structure is
closer to the ideal y curve, and would realize a better viewing
angle characteristic, than the y curve L2 of the two division
structure. Furthermore, it can also be seen that the y curve L2
of the two division structure does not vary smoothly around
the 100/255 grayscale but the y curve L3 of the three division
structure does vary smoothly over the entire grayscale range.
[0182] It should be noted that the effective voltage applied
to the liquid crystal capacitor does not have to be changed for
every grayscale voltage. But at the lowest grayscale (corre-
sponding to black display state) and at the highest grayscale
(corresponding to white display state), the same voltage could
be applied to the respective liquid crystal capacitors and the
same luminance (or grayscale) could be displayed. Option-
ally, the multi-pixel drive may be carried out only in a range
where the y characteristic has particularly heavy viewing
angle dependence (i.e., a range under a certain grayscale tone
of 100/255 grayscale, for example).

[0183] Hereinafter, the pixel division structure and the sub-
pixel arrangement of a liquid crystal display device as a
preferred embodiment of the present invention will be
described with reference to FIGS. 4 to 7, which schematically
illustrate an equivalent circuit of the structure corresponding
to one pixel thereof and the arrangement of subpixels. It
should be noted that the arrangement of subpixels does not
have to be the illustrated one but could be modified in various
manners. Although the equivalent circuits illustrated in FIGS.
4 to 7 are drawn with their spatial arrangements also taken
into consideration, their electrical connection is still the same
as that of the equivalent circuit shown in FIG. 1.

[0184] FIGS. 4 to 7 schematically illustrate the structure of
one of the pixels that are arranged in rows and columns on the
TFT substrate of a liquid crystal display device as a preferred
embodiment of the present invention. In FIGS. 4 to 7, that
pixel is supposed to be located at the intersection between an
m?” row and an n™ column. In the following description, any
pair of components shown in multiple drawings and having
substantially the same function will be identified by the same
reference numeral. And once such a component has been
described, the description of its counterpart will be omitted.
As used herein, the “pixel” means the smallest unit of display
to be conducted by the liquid crystal display device. In cases
of’color display devices, the “pixel” is equivalent to a “picture
element (or dot)” that represents each color (which is typi-
cally R, G or B).

[0185] Inthe pixel of the liquid crystal display device 100A
shown in FIG. 4, subpixels SP-A, SP-C and SP-B are
arranged in the column direction in this order (i.e., according
to their luminance ranks and in the descending order down-
ward in this example). In the next frame period, the same
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luminance ranks (i.e., the luminance ranks of the subpixels
within the pixel) will be maintained and the voltages applied
to the respective liquid crystal capacitors of the subpixels will
invert their polarities, thus preventing the same DC voltage
from being applied for a long time. Optionally, the signal
waveforms of VCS-A and VCS-B could be adjusted such that
the luminance ranks of the subpixels SP-A and SP-B reverse.
Even so, those subpixels will still be arranged according to
their luminance ranks but in the ascending order downward in
that case.

[0186] As shown in FIG. 4, the first, second and third sub-
pixels SP-A, SP-B and SP-C are arranged in three different
areas defined by first, second and third subpixel electrodes
111a, 1115, 111c¢, respectively.

[0187] This (m, n) pixel is driven by TFTs 1164, 1165 and
116¢ that are connected to a G bus line 112(m) and an S bus
line 114(%). The respective drain electrodes of the TFTs 1164,
1165 and 116¢ are connected to the first, second and third
subpixel electrodes 111a, 1115 and 111¢ by way of drain
extension lines 117a, 1175 and 117¢, respectively. The sub-
pixel electrodes 111a, 1115 and 111¢, a liquid crystal layer
(not shown) and a counter electrode (not shown, either),
which is arranged to face the subpixel electrodes with the
liquid crystal layer interposed between them and be shared in
common by those subpixel electrodes, together form liquid
crystal capacitors. That is to say, the first, second and third
subpixel electrodes 111a, 1115 and 111c respectively form
the liquid crystal capacitors CLC-A, CLC-B and CLC-C
shown in FIG. 1. The counter electrode is usually provided in
common for a plurality of pixels (and typically for all pixels)
but could be divided if necessary.

[0188] Two CS bus lines (i.e., storage capacitor lines) CS-A
and CS-B pass through each pixel on the m” row. The first
subpixel SP-A has a single storage capacitor CSA (corre-
sponding to CCS-A shown in FIG. 1), one of the two elec-
trodes of which (i.e., the storage capacitor counter electrode)
is connected to the CS bus line CS-A and the other electrode
of which (i.e., the storage capacitor electrode) is connected to
the drain extension line 117a. And these two electrodes and an
insulating layer arranged between the electrodes (e.g., a gate
insulating layer) together form the storage capacitor CSA.
Likewise, the second subpixel SP-B has a single storage
capacitor CSB (corresponding to CCS-B shown in FIG. 1),
one of the two electrodes of which (i.e., the storage capacitor
counter electrode) is connected to the CS bus line CS-B and
the other electrode of which (i.e., the storage capacitor elec-
trode) is connected to the drain extension line 1175. And these
two electrodes and an insulating layer arranged between the
electrodes (e.g., a gate insulating layer) together form the
storage capacitor CSB. But the third subpixel SP-C has two
storage capacitors CSC-1 and CSC-2 (corresponding to CCS-
C1 and CCS-C2 shown in FIG. 1). One of the two electrodes
of the storage capacitor CSC-1 (i.e., the storage capacitor
counter electrode) is connected to the CS bus line CS-A and
one of the two electrodes of the storage capacitor CSC-2 (i.e.,
the storage capacitor counter electrode) is connected to the
CS bus line CS-B. The other electrode (storage capacitor
electrode) of the storage capacitor CSC-1 and that of the
storage capacitor CSC-2 are both connected to the drain
extension line 117¢. These two pairs of electrodes and the
insulating layers (e.g., gate insulating layers) between them
together form the storage capacitors CSC-1 and CSC-2.
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[0189] Hereinafter, the pixel division structure of the liquid
crystal display device 100B shown in FIG. 5 will be
described.

[0190] In each pixel of the liquid crystal display device
100B, two SP-B and SP-C out of the three subpixels SP-A,
SP-B and SP-C thereof each have two regions SP-B1, SP-B2
and SP-C1, SP-C2. And those two regions of each split sub-
pixel are arranged so as to interpose the first subpixel SP-A
between them. That is to say, in the column direction, SP-B2
(dark subpixel), SP-C2 (moderate subpixel), SP-A (bright
subpixel), SP-C1 (moderate subpixel) and SP-B1 (dark sub-
pixel) are arranged in this order. In the next frame period, the
same luminance ranks (i.e., the luminance ranks of the sub-
pixels within the pixel) will be maintained and the voltages
applied to the respective liquid crystal capacitors of the sub-
pixels will invert their polarities, thus preventing the same DC
voltage from being applied for a long time. Optionally, the
signal waveforms of VCS-A and VCS-B could be adjusted
such that the luminance ranks of the subpixels SP-A, SP-B1
and SP-B2 interchanges.

[0191] The two regions SP-B1 and SP-B2 of the second
subpixel are provided for two subpixel electrodes 11151 and
11152, respectively, which are connected together with a
drain extension line 11755 that is further connected to the
drain electrode of the TFT 1165 by way of another drain
extension line 1175. In the same way, the two regions SP-C1
and SP-C2 of the third subpixel are provided for two subpixel
electrodes 111¢1 and 111¢2, respectively, which are con-
nected together with a drain extension line 117 cc that is
further connected to the drain electrode of the TFT 116¢ by
way of another drain extension line 117¢.

[0192] In the other respects, the liquid crystal display
device 100B has the same connection as the liquid crystal
display device 100A and the description thereof will be omit-
ted herein. In each pixel of the liquid crystal display device
100B, the two regions SP-B1 and SP-B2 of the second sub-
pixel are not only equivalent to each other but also equivalent
to the second subpixel SP-B of the liquid crystal display
device 100A as well. Likewise, in each pixel of the liquid
crystal display device 100B, the two regions SP-C1 and SP-
C2 of the third subpixel are not only equivalent to each other
but also equivalent to the third subpixel SP-C of the liquid
crystal display device 100A as well.

[0193] Ifthe subpixels are further subdivided spatially as in
this liquid crystal display device 100B, the number of regions
having mutually luminances within one pixel further
increases. As a result, the jaggedness of the image can be
reduced and the uniformity can be increased instead. Among
other things, a liquid crystal display device with a big screen
size (0f 50 inches or more, for example) has such a large pixel
size that the distribution of luminances within a pixel could be
sensed as jaggedness with such a multi-pixel structure. Thus,
this technique will contribute effectively to eliminating such
jaggedness.

[0194] Hereinafter, the pixel division structure of the liquid
crystal display device 100C shown in FIG. 6 will be
described.

[0195] As in the liquid crystal display device 100B shown
in FIG. 5, two SP-B and SP-C out of the three subpixels SP-A,
SP-B and SP-C each have two regions that are arranged so as
to interpose the first subpixel SP-A between them in each
pixel of the liquid crystal display device 100C. In the liquid
crystal display device 100B, the subpixel electrodes 111c1
and 111¢2 that define the two regions SP-C1 and SP-C2 ofthe
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third subpixel are electrically connected together with the
drain extension line. On the other hand, in this liquid crystal
display device 100C, the third subpixel has a single subpixel
electrode 111¢ in a U-shape or a horseshoe shape. In the other
respects, however, the liquid crystal display device 100C is
identical with the liquid crystal display device 100B and the
description thereof will be omitted herein.

[0196] Hereinafter, the pixel division structure of the liquid
crystal display device 100D shown in FIG. 7 will be
described.

[0197] As in the liquid crystal display devices 100B and
100C shown in FIGS. 5 and 6, two SP-B and SP-C out of the
three subpixels SP-A, SP-B and SP-C each have two regions
that are arranged so as to interpose the first subpixel SP-A in
each pixel of the liquid crystal display device 100D. Also, as
in the liquid crystal display device 100C shown in FIG. 6, the
third subpixel has a single U-subpixel electrode 111c¢ that
covers the two regions. In the liquid crystal display device
100C, the subpixel electrodes 11151 and 11152 that define
the two regions SP-B1 and SP-B2 of the second subpixel are
electrically connected together with the drain extension line.
On the other hand, in this liquid crystal display device 100D,
the second subpixel too has a single U-subpixel electrode
1115. In the other respects, the liquid crystal display device
100D is identical with the liquid crystal display device 100C
and the description thereof will be omitted herein.

[0198] If a subpixel that has been split into two regions is
covered with such a U-subpixel electrode as in the liquid
crystal display devices 100C and 100D, then the drain exten-
sion line can be laid out more simply. In this example, the
second and third subpixel electrodes 1115 and 111c¢ are sup-
posed to have a U-shape. However, the present invention is in
no way limited to that specific preferred embodiment. As later
described in detail, the second and third subpixel electrodes
1115 and 111c¢ can also have a closed ring shape, which may
have either a rectangular outline or any other polygonal out-
line (i.e., an O-shape with a number of vertices). In any case,
if the subpixel electrodes are designed as ring electrodes, then
the parasitic capacitance (such as Csd) can be adjusted easily.
[0199] Hereinafter, a specific configuration for pixels of a
liquid crystal display device according to the present inven-
tion will be described with reference to FIGS. 8 through 12,
which schematically illustrate the structure of two pixels that
are located at the intersection between the m” row and the n”
column and at the intersection between the M” row and the
(n+1)” column on the TFT substrate. In a situation where a
typical dot inversion drive is carried out, while a positive
signal voltage, of which the polarity is defined with respect to
that of the counter voltage, is written on the pixel at the
intersection between the M” row and the n” column (which
will be referred to herein as (m, n) pixel), a negative signal
voltage is written on the (m, n+1) pixel. In this case, the liquid
crystal display device may be driven so that if the subpixels
SP-A, SP-B and SP-C of the (m, n) pixel become bright, dark
and moderate subpixels, respectively, then the subpixels
SP-A, SP-B and SP-C of the (m, n+1) pixel become dark,
bright and moderate subpixels, respectively.

[0200] The liquid crystal display device 200A shown in
FIG. 8 is represented by the same equivalent circuit, and has
the same arrangement of subpixels, as the liquid crystal dis-
play device 100A shown in FIG. 4.

[0201] First, look at the (m, n) pixel, which is driven by
TFTs 116a, 1165 and 116¢ that are connected to a gate bus
line 112(7m) and a source bus line 114(%). The respective drain
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electrodes of the TFTs 1164, 1165 and 116¢ are connected to
the first, second and third subpixel electrodes 111a, 1115 and
111¢ at contact portions 1194, 1195, and 119¢1 and 119¢2 by
way of drain extension lines 1174, 1176 and 117¢, respec-
tively. The subpixel electrodes 111a, 1115 and 111c, the
liquid crystal layer (not shown) and the counter electrode (not
shown, either), which is arranged so as to face the subpixel
electrodes with the liquid crystal layer interposed between
them, form liquid crystal capacitors CLC-A, CLC-B and
CLC-C (see FIG. 1), respectively.

[0202] In this case, the source bus line 114(n) partially
overlaps with the subpixel electrodes 111a, 1115 and 111c on
the n” column. To sufficiently reduce the parasitic capaci-
tances Csd to be produced between the source bus line 114(r)
and the subpixel electrodes 111a, 1115 and 111¢, an inter-
layer insulating film made of a resin such as an acrylic resin
with a thickness of approximately 2.5 pum is provided between
them. In other words, by providing the interlayer insulating
film, the subpixel electrodes 111a, 1115 and 111c¢ can be
arranged so as to overlap with the source bus line 114(r) and
the aperture ratio of the pixel can be increased.

[0203] Each of these TFTs 116a, 1165 and 116c¢ has a
bottom gate structure, and includes a gate electrode that forms
an extended portion of the gate bus line 112(m), a semicon-
ductor layer deposited on the gate electrode, and source and
drain electrodes that have been formed on the source and
drain regions of the semiconductor layer. The source elec-
trode forms an extended portion of the source bus line 114(x).
And the respective drain electrodes of the TFTs 116a, 1165
and 116¢ form integral parts of the drain extension lines 117a,
117band 117¢, respectively. Aninterlayer insulating film (not
shown) has been deposited so as to cover all of these elec-
trodes and layers. And the subpixel electrodes 111a, 1115 and
111c¢ have been formed on the interlayer insulating film. At
the contact portions 1194, 11956 and 119¢1 and 119¢2 inside
contact holes that have been cut through the interlayer insu-
lating film, the subpixel electrodes 111a, 1115 and 111c¢ are
connected to the drain extension lines 117a, 1175 and 117¢,
respectively.

[0204] Next, the configurations of the storage capacitors in
the (m, n) pixel will be described. Two CS bus lines (storage
capacitor lines) 113-1 and 113-2 pass through each pixel on
the m” row. The CS bus lines 113-1 and 113-2 correspond to
the CS bus lines CS-A and CS-B, respectively, shown in FIG.
4 (or FIG. 1).

[0205] The storage capacitor of the subpixel SP-A (i.e.,
CSA shown in FIG. 4) is arranged in a region where the drain
extension line 117a overlaps with the CS bus line 113-1
(around the contact portion 119a). On the other hand, the
storage capacitor of the subpixel SP-B (i.e., CSB shown in
FIG. 4) is arranged in a region where the drain extension line
1175 overlaps with the CS bus line 113-2 (around the contact
portion 1195).

[0206] The subpixel SP-C has two storage capacitors (i.e.,
CSC-1 and CSC-2 shown in FIG. 4). The storage capacitor
CSC-1 is arranged in a region where the drain extension line
117¢ overlaps with the CS bus line 113-1 (around the contact
portion 119¢2). On the other hand, the storage capacitor
CSC-2 is arranged in a region where the drain extension line
117¢ overlaps with the CS bus line 113-2 (around the contact
portion 119¢1). Both of these CS bus lines 113-1 and 113-2
are made of the same conductive layer as the gate bus line
112(m) and are covered with the gate insulating film (not
shown). The dielectric layers of the storage capacitors CSC-1
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and CSC-2 are both gate insulating films and the capacitance
values of the storage capacitors CSC-1 and CSC-2 are pro-
portional to the areas of their electrodes. In this example, the
capacitance values of the storage capacitors CSC-1 and
CSC-2 are approximately equal to each other as shown in
FIG. 8.

[0207] The liquid crystal display device 200B shown in
FIG. 9 is represented by the same equivalent circuit, and has
the same arrangement of subpixels, as the liquid crystal dis-
play device 100B shown in FIG. 5. In each pixel of the liquid
crystal display device 200B, two SP-B and SP-C out of the
three subpixels SP-A, SP-B and SP-C each have two regions
SP-B1, SP-B2 and SP-C1, SP-C2, which are arranged so as to
interpose the first subpixel SP-A between them. Hereinafter,
the configuration of the second and third subpixels SP-B and
SP-C that is different from the liquid crystal display device
200A will be described.

[0208] The two regions SP-B1 and SP-B2 of the second
subpixel are defined for the two subpixel electrodes 11151
and 11152, which are connected to the drain extension line
1175 at the contact portions 11951 and 11952, respectively.
Likewise, the two regions SP-C1 and SP-C2 of the third
subpixel are defined for the two subpixel electrodes 111¢1
and 111c¢2, which are connected to the drain extension line
117¢ at the contact portions 119¢1 and 119¢2, respectively.
[0209] Also, each of these two CS bus lines 113-1 and
113-2 has a ringlike portion and a non-ringlike portion. The
ringlike portions of the CS bus lines 113-1 and 113-2 are
arranged between the source bus lines 114(r) and 114(n2+1) so
as not to overlap with the source bus lines 114(») and 114(n+
1). The non-ringlike portion of each of these CS bus lines
113-1 and 113-2 crosses the source bus line between the
pixels that are adjacent to each other in the row direction and
couples together the ringlike portions that are adjacent in the
row direction. A portion of the subpixel electrode 111¢1 that
is located inside the ringlike portion of the CS bus line 113-2
contributes to the display operation being conducted by the
subpixel SP-C1. On the other hand, a portion of the subpixel
electrode 111¢2 that is located inside the ringlike portion of
the CS bus line 113-1 contributes to the display operation
being conducted by the subpixel SP-C2. The ringlike portions
of these two CS bus lines 113-1 and 113-2 are also present
between adjacent subpixels and also perform the function of
shielding those gaps from incoming light.

[0210] The storage capacitor of the subpixel SP-A has been
formed in a region where the ringlike portion of the bus line
113-1 overlaps with the drain extension line 117a (in the
vicinity of the contact portion 119a). Meanwhile, the storage
capacitor of the subpixel SP-B has been formed in a region
where the ringlike portion of the bus line 113-2 overlaps with
the drain extension line 1175. Looking at the (m, n+1) pixel,
however, it can be seen that the storage capacitor of the
subpixel SP-A has been formed in a region where the ring-
like portion of the bus line 113-2 overlaps with the drain
extension line 1174 and the storage capacitor of the subpixel
SP-B (that is a single storage capacitor provided in common
for SP-B1 and SP-B2) has been formed in a region where the
ringlike portion of the bus line 113-1 overlaps with the drain
extension line 1175. By adopting such an arrangement, even
when a dot inversion drive is performed, the subpixels of the
(m, n) and (m, n+l) pixels can have the same luminance
ranking. This means that if SP-A of the (m, n) pixel is a bright
subpixel, SP-A of the (m, n+1) pixel can also be a bright
subpixel. That is why in a situation where the image looks

Sep. 26, 2013

jaggy because the locations of relatively easily recognizable
bright subpixels change one pixel into another, such jagged-
ness can be minimized.

[0211] Also, the drain extension lines 117a and 1175 are
arranged so as to cross the non-ringlike portions ofthe two CS
bus lines 113-1 and 113-2 the same number of times, thereby
canceling the contribution of the capacitance to the regions
other than where the storage capacitors should be formed.
One of the two storage capacitors of the subpixel SP-C is
arranged in a region where the CS bus line 113-1 overlaps
with the drain extension line 117¢ (i.e., in the vicinity of the
contact portion 119¢2), while the other storage capacitor
thereof is arranged in a region where the CS bus line 113-2
overlaps with the drain extension line 117¢ (i.e., in the vicin-
ity of the contact portion 119¢1). In this example, the two
storage capacitors of the subpixel SP-C also have substan-
tially equal electrostatic capacitance values.

[0212] The liquid crystal display device 200C shown in
FIG. 10 is represented by the same equivalent circuit, and has
the same arrangement of subpixels, as the liquid crystal dis-
play device 100C shown in FIG. 6. In the liquid crystal dis-
play device 200B shown in FIG. 9, the subpixel electrodes
111c1 and 111¢2 that define the two regions SP-C1 and
SP-C2 of the third subpixel SP-C are electrically connected
together with the drain extension line 117¢. On the other
hand, in this liquid crystal display device 200C, those two
regions are covered with a single subpixel electrode 111cina
U- or horseshoe shape. Also, this device is designed such that
the gap between the coupling portion that couples together
the two regions of the U-subpixel electrode 111¢ and the
subpixel electrode 111a is shielded from incoming light by
the drain extension line 117a.

[0213] The liquid crystal display device 200C' shown in
FIG. 11 is different from the liquid crystal display device
200C shown in FIG. 10 in that the U-subpixel electrode 111¢
of the latter device is modified into a ringlike (which may
have either rectangular shape or O-shape with vertices) sub-
pixel electrode 111c. This device 200C' is designed such that
the gap between the ringlike subpixel electrode 111¢ and the
subpixel electrode 111a that is arranged inside its opening is
shielded from incoming light by the drain extension lines
1174 and 11756. With such a ringlike subpixel electrode 111c,
the parasitic capacitance Csd between the drain and sources
can be adjusted more easily rather than using the U-subpixel
electrode 111c.

[0214] The liquid crystal display device 200D shown in
FIG. 12 is a modified example of the liquid crystal display
device 100D shown in FIG. 7 and also modifies the U-sub-
pixel SP-C of the liquid crystal display device 100D into a
ringlike one. In the liquid crystal display device 200C' shown
in FIG. 11, the subpixel electrodes 11151 and 11152 that
define the two regions SP-B1 and SP-B2 of the second sub-
pixel SP-B are electrically connected together with the drain
extension line 1175. On the other hand, in this liquid crystal
display device 200D, those two regions are covered with a
single ringlike subpixel electrode 1115. Also, this device is
designed such that the gap between the subpixel electrodes
1115 and 111c is shielded from incoming light by the source
bus lines 114(») and 114(n+1).

[0215] Hereinafter, a specific configuration for an MVA
mode liquid crystal display device as a preferred embodiment
of the present invention will be described with reference to
FIGS. 13 and 14. As is well known in the art, an MVA mode
liquid crystal display device operates in a vertical aligned



US 2013/0250198 Al

mode that uses a nematic liquid crystal material with negative
dielectric anisotropy. Each pixel has four domains (quadruple
domains) in which liquid crystal molecules are aligned in four
different directions (any two of which are different from each
other by a multiple of approximately 90 degrees) upon the
application of a voltage. And the device conducts a display
operation in normally black mode. If the multi-pixel structure
is applied to such an MVA mode liquid crystal display device,
each subpixel preferably has four domains considering the
viewing angle characteristic.

[0216] The liquid crystal display device 300B shown in
FIG. 13 is represented by the same equivalent circuit, and has
the same arrangement of subpixels, as the liquid crystal dis-
play devices 100B and 200B shown in FIGS. 5 and 9. Thus,
the description of common features between this liquid crys-
tal display device 300B and its counterpart 200B will be
omitted herein.

[0217] A slit SLa that has been cut through the subpixel
electrode 111a, the gap between the subpixel electrodes
111a, 1111 and 1112, the gap between the subpixel elec-
trode 111¢1 and 11141, and the gap between the subpixel
electrodes 111¢2 and 111562 generate oblique electric fields
and function as an alignment regulating means (i.e., slits
running through a pixel electrode) that forms a multi-domain
structure. The slit SLa and these gaps between the adjacent
subpixel electrodes run in two directions so as to cross the
column direction of the matrix at approximately 45 degrees
and to intersect with each other at substantially right angles.
The axes of polarization (or the axes of transmission) of two
polarizers that are arranged as crossed Nicols so as to sand-
wich the liquid crystal panel between them are either perpen-
dicular or parallel to the column and row directions. And the
slit and the gaps between the subpixel electrodes that are
arranged as described above work so as to regulate the align-
ment direction of the liquid crystal molecules to be approxi-
mately 45 degrees with respect to the axes of polarization
upon the application of a voltage. On the other hand, the
counter substrate is also provided with an alignment regulat-
ing means, which is located either in the interval between the
slit and a subpixel electrode gap that are adjacent and parallel
to each other or in the interval between two subpixel electrode
gaps that are adjacent and parallel to each other, so as to split
their interval substantially equally. The alignment regulating
means on the counter substrate may be a slit on the counter
electrode or a protrusion of a dielectric material (i.e., a rib)
that is arranged on the counter electrode to face the liquid
crystal layer. It should be noted that the dielectric protrusion
preferably has a lower dielectric constant than the liquid
crystal layer.

[0218] Inthisliquid crystal display device 300B, each of'its
storage capacitors is formed in a region where an extended
portion of CS bus line and a drain extension line overlap with
each other. For example, the CS bus line 113-1 has a ring-like
extended portion 113-1E, and one of the two storage capaci-
tors of the subpixel SP-C is located in a region where the
central bridge portion of the ringlike extended portion113-1E
overlaps with the drain extension line 117¢. Likewise, the CS
bus line 113-2 also has a ringlike extended portion 113-2E,
and the other storage capacitor of the subpixel SP-C is located
in a region where the central bridge portion of the ringlike
extended portion 113-2E overlaps with the drain extension
line 117¢. Furthermore, the ring portions of the ringlike
extended portions 113-1E and 113-2E are arranged so as to
shield the gaps between adjacent subpixel electrodes from
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incoming light. The storage capacitor of the subpixel SP-A is
formed where the CS bus line 113-1 and the drain extension
line 117a overlap with each other (i.e., under the subpixel
electrode 111¢2). And the storage capacitor of the subpixel
SP-B is formed where the CS bus line 113-2 and the drain
extension line 1175 overlap with each other (i.e., under the
subpixel electrode 111c¢1).

[0219] The liquid crystal display device 300C shown in
FIG. 14 is represented by the same equivalent circuit, and has
the same arrangement of subpixels, as the liquid crystal dis-
play devices 100C and 200C shown in FIGS. 6 and 10. In the
liquid crystal display device 300B shown in FIG. 13, the
subpixel electrodes 111¢1 and 111¢2 are electrically con-
nected together with the drain extension line 117¢. In this
liquid crystal display device 300C, on the other hand, the
subpixel electrodes are combined into a single subpixel elec-
trode 111c¢ in a U- or horseshoe shape. Also, this device 300C
is designed such that the gap between the coupling portion of
the U-subpixel electrode 111c¢ that couples the two regions
together and the subpixel electrode 111a is shielded with the
drain extension line 117a.

[0220] Furthermore, in this liquid crystal display device
300C, one SP-C2 of the two regions of the third subpixel has
a drain island 117¢', which is made of the same conductive
layer as the drain extension lines. The drain island 117¢' is
connected to the subpixel electrode 111c¢ at a contact portion
119¢2. One of the two storage capacitors of the subpixel SP-C
is located in a region where the drain island 117¢' overlaps
with a part of the ringlike extended portion 113-1E of the CS
bus line. The other storage capacitor of the subpixel SP-C is
located in a region where the drain extension line 117¢ over-
laps with the ringlike extended portion 113-2E of the CS bus
line 113-2.

[0221] Inthis preferred embodiment, the storage capacitors
are arranged parallel to the gaps between the adjacent sub-
pixel electrodes in order to minimize the leakage of light by
overlapping the storage capacitors with the alignment regu-
lating means (such as electrode slits or dielectric protrusions)
that is provided on the counter substrate to obtain a multi-
domain structure.

[0222] Hereinafter, it will be described what type of
arrangement of subpixels within a pixel is preferred from the
standpoint of y characteristic.

[0223] First of all, the viewing angle dependence of the y
characteristic of a two division structure will be described
with reference to FIGS. 15(a) and 15(5). In this example, the
bright subpixel SP-A is supposed to be split into two regions
SP-A1 and SP-A2 and the dark subpixel SP-B is supposed to
be split into two regions SP-B1 and SP-B2. However, as long
as such a two division structure is adopted, the y characteristic
will remain the same even if each subpixel is divided into
three or more regions. Nevertheless, if each subpixel is split
into two regions as shown in FIG. 15(a), the checkerboard
pattern formed by bright and dark subpixels will not be sensed
easily as jaggedness on the screen even when a grayscale tone
is displayed on a liquid crystal display device with a huge
screen size of 52 inches (with pixel arrangement pitches of
200 pum in the row direction and 600 um in the column
direction) or more.

[0224] The viewing angle dependence of the y characteris-
tic of such a two division structure (which is also called a
“2VT structure” because it realizes superposition of two VT
characteristics) is shown in FIG. 15(b), of which the abscissa
represents the grayscale when the viewer is located in front of
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the panel and the ordinate represents the grayscale in the
horizontal direction (that is either parallel or perpendicular to
the axes of polarization) at an oblique viewing angle of 45
degrees with respect to a normal to the display screen. As
shown in FIG. 15(b), according to the two division structure,
the curves are depressed around the 100/255 grayscale and do
not vary smoothly. To reduce such a viewing angle depen-
dence of the y characteristic, the division number needs to be
three or more.

[0225] Next, it will be described with reference to FIGS. 16
and 17 what types of arrangement of subpixels is preferred
and how the viewing angle dependence of the y characteristic
will change if a three division structure (which is also called
a “3VT structure”) is adopted.

[0226] FIG. 16(b) shows the viewing angle dependence of
the y characteristic in a situation where a bright subpixel
SP-A, a dark subpixel SP-B and moderate subpixels SP-C
(including SP-C1 and SP-C2) has an area ratio of one to one
to two as shown in FIG. 16(a). Comparing FI1G. 16() to FIG.
15(b), it can be seen easily that the smoothness has increased
in the vicinity of the 100/255 grayscale.

[0227] Also, if the bright, dark and moderate subpixels
SP-A, SP-B and SP-C (including SP-C1 and SP-C2) have an
area ratio of one to one to one as shown in FIG. 17(a), the
smoothness will further increase in the vicinity of the 100/255
grayscale as shown in FIG. 17(b). That is why to reduce the
viewing angle dependence of the y characteristic as much as
possible, the bright, moderate and dark subpixels preferably
have an area ratio of one to one to one.

[0228] Meanwhile, to reduce the jaggedness on the display
screen as much as possible, it is preferred that the bright
subpixel be arranged at the center of a pixel. Also, considering
that the luminance ranking between the subpixels could have
to be reversed when a dot inversion drive is adopted, for
example, the bright and dark subpixels are preferably inter-
changed with each other. For that reason, at least the bright
and dark subpixels preferably have an equal area. Further-
more, to further reduce the jaggedness on the display screen,
it is preferred that the bright and dark subpixels be arranged
close to each other at the center of pixel. In the liquid crystal
display device shown in FIG. 5, for example, the moderate
and dark subpixels can be easily interchanged within a pixel.
[0229] Furthermore, considering the wavelength depen-
dence of the y characteristic, the blue pixel preferably has a
smaller cell gap (i.e., the thickness of the liquid crystal layer)
than any other color pixel (which is typically a green pixel or
a red pixel).

[0230] FIG.17(b) shows the viewing angle dependences of
the y characteristics for red (R), green (G) and blue (B),
respectively. As can be seen from FIG. 17(b), the viewing
angle dependence of blue (B) is heavier than that of red (R) or
green (G) due to the wavelength dispersion of the retardation
(or birefringence) of the liquid crystal layer. The grayscale
characteristics shown in FIG. 17() were obtained when all of
the R, G and B pixels had a cell gap (i.e., the thickness of the
liquid crystal layer) of 3.4 um. However, if only the B pixel
has its cell gap decreased to 3.0 Jim, then the y characteristic
of the B pixel would be closer to those of the other color
pixels. As a result, the viewing angle dependence of the y
characteristic can be reduced overall.

[0231] Optionally, the G bus line could also be used to form
the storage capacitors as described above.

[0232] FIG. 18 schematically illustrates an equivalent cir-
cuit of a liquid crystal display device 400A as another pre-

Sep. 26, 2013

ferred embodiment of the present invention. In the liquid
crystal display device 400A, each pixel has first, second and
third subpixels SP-A, SP-B and SP-C. The first, second and
third subpixels SP-A, SP-B and SP-C and two CS bus lines
CS-A and CS-B are arranged between two adjacent G bus
lines. In this liquid crystal display device 400A, the number of
G bus lines agrees with that of rows of pixels. However, each
G bus line is not only used to select a pixel but also connected
to the storage capacitor of the third subpixel SP-C of another
pixel that is adjacent to the given pixel in the column direc-
tion. That is why each pixel is associated with two G bus lines.
[0233] FIG. 18 illustrates a pixel on an m” row and the G
bus lines associated with the (m-1)” and m™ rows are iden-
tified by G(m~-1) and G(m), respectively. The gate electrodes
of the respective thin-film transistors TFT-A, TFT-B and
TFT-C of the first, second and third subpixels SP-A, SP-B and
SP-C are connected to the G bus line G(m). Likewise,
although not shown in FIG. 18, the gate electrodes of the
respective TFTs of the three subpixels on the (m—-1)" row are
connected to the G bus line G(m-1).

[0234] In this liquid crystal display device 400A, the con-
nection between the two subpixels SP-A, SP-B and TFT-A,
TFT-B, the G bus lines, the S bus lines and the two electrically
independent CS bus lines is basically the same as in the liquid
crystal display device 100A shown in FIG. 4, and the descrip-
tion thereof will be omitted herein for the sake of simplicity.
The third subpixel SP-C is connected in the following man-
ner.

[0235] The third subpixel SP-C includes a liquid crystal
capacitor CLC-C and a storage capacitor CCS-G(m-1). One
electrode (i.e., the subpixel electrode) of the liquid crystal
capacitor CLC-C is connected to the drain electrode of TFT-
C, so is one electrode of the storage capacitor CCS-G(m-1).
Meanwhile, the other electrode of the liquid crystal capacitor
CLC-C s the counter electrode that is also shared by the other
liquid crystal capacitors CLC-A and CL.C-B. And the other
electrode (i.e., storage capacitor counter electrode) of the
storage capacitor CCS-G(m-1) is connected to the G bus line
G(m-1).

[0236] The liquid crystal capacitor CLC-A of the first sub-
pixel SP-A is subjected to voltage pull-up (or pull-down) by
the CS bus line CS-A by way of the storage capacitor CCS-A,
while the liquid crystal capacitor CLC-B of the second sub-
pixel SP-B is subjected to voltage pull-down (or pull-up) by
the CS bus line CS-B by way of the storage capacitor CCS-B.
Meanwhile, the G bus line G(m) is selected after the G bus
line G(m-~1) has been turned OFF. And the G bus line G(m-1)
will be kept OFF until just before the G bus line G(m) is
selected next time. Strictly speaking, the liquid crystal
capacitor CLC-C of the third subpixel SP-C is subjected to the
voltage pull-up when the G bus line G(m-1) is selected.
Nevertheless, the G bus line G(m-1) will be selected just
before one vertical scanning period passes since the G bus
line G(m) was selected. The G bus line G(m) is selected just
after having its voltage pulled up due to the selection of the G
bus line G(m-1). That is to say, the period during which the G
bus line G(m-1) is selected is much shorter than one vertical
scanning period. Consequently, it can be said that the liquid
crystal capacitor CLC-C of the third subpixel SP-C is hardly
affected by the G bus line G(m-1). As a result, the effective
voltage applied to the liquid crystal capacitor CLC-C
becomes an intermediate value between the effective voltages
applied to the liquid crystal capacitors CLC-A and CLC-B.
Therefore, when the first subpixel SP-A becomes a dark sub-
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pixel, the second subpixel SP-B becomes a bright subpixel
and the third subpixel becomes a moderate subpixel. In this
manner, the 3VT structure is realized without increasing the
number of CS bus lines per pixel.

[0237] Also, the drain extension line has a storage capacitor
electrode that is connected to the subpixel electrode of the
third subpixel at a contact portion and that overlaps with a
gate bus line. In this liquid crystal display device 400A, the
third subpixel is arranged beside the gate bus line that is used
to select an adjacent pixel in the column direction, and there-
fore, the distance between the contact portion of the drain
extension line and the storage capacitor electrode can be
shortened and the layout of the drain extension line can be
simplified. In addition, since the bright subpixel can be
arranged at the center of a pixel, the impression of jaggedness
can be reduced significantly.

[0238] In the liquid crystal display devices described
above, each CS bus line is supposed to be connected to the
storage capacitor(s) of at least one subpixel within a single
pixel. However, the present invention is in no way limited to
those specific preferred embodiments. Each CS bus line may
also be connected to the storage capacitors of multiple sub-
pixels belonging to two pixels that are adjacent to each other
in the column direction.

[0239] FIG. 19 schematically illustrates an equivalent cir-
cuit of a liquid crystal display device 400B as another pre-
ferred embodiment of the present invention. In this liquid
crystal display device 400B, the number of CS bus lines (or
CS lines) agrees with that of rows of pixels. However, each
single CS bus line causes either voltage pull-up or pull-down
in the liquid crystal capacitors of subpixels belonging to two
pixels that are adjacent to each other in the column direction.
That is why each pixel is associated with two CS bus lines.
Consequently, the liquid crystal display device 400B has
fewer CS bus lines than the liquid crystal display device 400A
shown in FIG. 18. The liquid crystal display device 400B has
a so-called “center gate structure” in which a gate bus line is
arranged at the center of a pixel.

[0240] Now look at a pixel on the (m—-1)” row. The first,
second and third subpixels SP-A, SP-B and SP-C of that pixel
on the (m—1)" row are arranged between two adjacent CS bus
lines CS-A and CS-B. The third subpixel SP-C has a liquid
crystal capacitor CLC-C and a storage capacitor CCS-G(m-
2). One electrode (i.e., the subpixel electrode) of the liquid
crystal capacitor CLC-C is connected to the drain electrode of
TFT-C, so is one electrode of the storage capacitor CCS-G
(m-2). Meanwhile, the other electrode of the liquid crystal
capacitor CLC-C is the counter electrode that is also shared
by the other liquid crystal capacitors CLC-A and CLC-B. And
the other electrode (i.e., storage capacitor counter electrode)
of the storage capacitor CCS-G(m-2) is connected to the G
bus line G(m-2).

[0241] The liquid crystal capacitor CLC-A of the first sub-
pixel SP-A is subjected to a voltage pull-up (or pull-down) by
the CS bus line CS-A by way of the storage capacitor CCS-A,
while the liquid crystal capacitor CLC-B of the second sub-
pixel SP-B is subjected to a voltage pull-down (or pull-up) by
the CS bus line CS-B by way of the storage capacitor CCS-B.
Meanwhile, the G bus line G(m-1) is selected after the G bus
line G(m~-2) has been turned OFF. And the G bus line G(m-2)
will be kept OFF until just before the G bus line G(m-1) is
selected next time. As a result, the effective voltage applied to
the liquid crystal capacitor CLC-C of the third subpixel SP-C
is hardly affected by the voltage pull-up or pull-down and
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becomes an intermediate value between the effective voltages
applied to the liquid crystal capacitors CLC-A and CLC-B.
Therefore, when the first subpixel SP-A becomes a bright
subpixel, the second subpixel SP-B becomes a dark subpixel
and the third subpixel SP-C becomes a moderate subpixel.
[0242] Next, look at the pixel on the m” row. The first,
second and third subpixels SP-A, SP-B and SP-C of that pixel
on the M? row are arranged between two adjacent CS bus
lines CS-B and CS-C. The liquid crystal capacitor CLC-A of
the first subpixel SP-A is subjected to a voltage pull-down (or
pull-up) by the CS bus line CS-B by way of the storage
capacitor CCS-B, while the liquid crystal capacitor CLC-B of
the second subpixel SP-B is subjected to a voltage pull-up (or
pull-down) by the CS bus line CS-C by way of the storage
capacitor CCS-C. Meanwhile, the G bus line G(m) is selected
after the G bus line G(m-1) has been turned OFF. And the G
bus line G(m-1) will be kept OFF until just before the G bus
line G(m) is selected next time. As a result, the effective
voltage applied to the liquid crystal capacitor CLC-C of the
third subpixel SP-C is hardly affected by the voltage pull-up
or pull-down and becomes an intermediate value between the
effective voltages applied to the liquid crystal capacitors
CLC-A and CLC-B. Therefore, when the first subpixel SP-A
becomes a bright subpixel, the second subpixel SP-B
becomes a dark subpixel and the third subpixel SP-C becomes
a moderate subpixel.

[0243] The liquid crystal capacitor CLC-B of the second
subpixel SP-B of the pixel on the (m-1)” row and the liquid
crystal capacitor CLC-A of the first subpixel SP-A of the
pixel on them” row are both subjected to a voltage pull-down
(or pull-up) by the CS bus line CS-B. However, as the liquid
crystal display device 400B performs a dot inversion drive,
the polarity of a source signal supplied to the S bus line when
the G bus line G(m-1) is selected is inverse of that of the
source signal supplied to the S bus line when the G bus line
G(m) is selected. Consequently, when the second subpixel
SP-B of the pixel on the (m-1)” row becomes a dark subpixel,
the first subpixel SP-A of the pixel on the m” row becomes a
bright subpixel.

[0244] In the liquid crystal display device 400B with the
center gate structure shown in FIG. 19, the storage capacitor
of'the third subpixel is connected to the G bus line. However,
the present invention is in no way limited to that specific
preferred embodiment. The storage capacitor of the third
subpixel may also be connected to two CS bus lines.

[0245] FIG. 20(a) is schematic plan view illustrating the
TFT substrate of a liquid crystal display device 500A as a
preferred embodiment of the present invention. The liquid
crystal display device 500A has a three division structure. For
the purpose of comparison, the TFT substrate of a liquid
crystal display device 550 with the two division structure is
illustrated in the schematic plan view of FIG. 20(5).

[0246] In this liquid crystal display device S00A, the num-
ber of CS bus lines (or CS lines) agrees with that of rows of
pixels. However, each single CS bus line forms the storage
capacitors of multiple subpixels belonging to two adjacent
pixels in the column direction and each pixel is associated
with two CS bus lines. Also, in this liquid crystal display
device 500A, a source bus line runs in the column direction,
and a gate bus line runs in the row direction, both through the
center of a pixel. That is to say, this liquid crystal display
device 500A has a so-called “center gate structure”.

[0247] Inthisliquid crystal display device SO00A, each pixel
includes first, second and third subpixels SP-A, SP-B and
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SP-C. The first and second subpixels SP-A and SP-B are
arranged in the column direction.

[0248] The third subpixel SP-C is defined by a subpixel
electrode 111¢, which straddles the G bus line and which
includes an electrode 111¢1 arranged in the +y direction with
respect to the G bus line, an electrode 111¢2 arranged in the
-y direction with respect to the G bus line, and a coupling
portion 111cc that couples these electrodes 111¢1 and 1112
together. The electrodes 111¢1 and 111¢2 are arranged so as
to be adjacent to the subpixel electrodes 111a and 1115 of the
first and second subpixels SP-A and SP-B, respectively, in the
row direction. It should be noted that when measured in the
row direction (i.e., x direction), the electrodes 111c1 and
111c¢2 are approximately as long as the subpixel electrodes
111a and 1115. The coupling portion 111cc has a much
smaller area than the electrodes 111c1 and 111c¢2. Thus,
unless the area of the coupling portion 111cc is taken into
account, the first, second and third subpixels SP-A, SP-B and
SP-C have an area ratio of approximately one to one to two.
[0249] The liquid crystal capacitor of the first subpixel
SP-A is subjected to a voltage pull-up (or pull-down) by the
CS bus line CS-A, while the liquid crystal capacitor of the
second subpixel SP-B is subjected to a voltage pull-down (or
pull-up) by the CS bus line CS-B. On the other hand, the
liquid crystal capacitor of the third subpixel SP-C is subjected
to both a voltage pull-up (or pull-down) by the CS bus line
CS-A and a voltage pull-down (or pull-up) by the CS bus line
CS-B. The voltage applied to the liquid crystal capacitor of
the third subpixel SP-C is lower than one of the voltages
applied to the respective liquid crystal capacitors of the first
and second subpixels SP-A and SP-B but higher than the
other. Consequently, the third subpixel becomes a moderate
subpixel and the bright, moderate and dark subpixels come to
have an area ratio of approximately one to two to one.
[0250] The CS bus line CS-A causes a voltage pull-up (or
pull-down) in not just the liquid crystal capacitor of the first
subpixel SP-A of the pixel on the m” row but also the liquid
crystal capacitor of the second subpixel SP-B of the pixel on
the (m-1)” row. However, if the liquid crystal display device
500A performs a dot inversion drive, one of the first subpixel
SP-A of the pixel on the m” row and the second subpixel
SP-B of the pixel on the (m—1)” row becomes a bright sub-
pixel and the other subpixel becomes a dark subpixel. As a
result, as viewed in the column direction, the first and second
subpixels will be an alternate arrangement of dark and bright
subpixels.

[0251] In this liquid crystal display device 500A, the S bus
line is arranged so as to run through the center of a pixel in the
row direction, and therefore, the drain extension line that
connects the drain electrode of a TFT arranged in the vicinity
of'the S bus line to the subpixel electrode can be short enough
to avoid crossing any other line. The pixel structure of the
liquid crystal display device S00A is as simple as that of the
liquid crystal display device 550 with the two division struc-
ture shown in FIG. 20(), and can achieve a higher yield while
maintaining a high transmittance. Also, although the liquid
crystal display device 550 with the dual subpixel structure
could produce some jaggedness, the liquid crystal display
device 500A would hardly produce such jaggedness because
the third subpixel SP-C covers almost the entire pixel in the
column direction.

[0252] Furthermore, if the liquid crystal display device
100A shown in FIG. 4 is driven at high speeds, a horizontal
shadow could be produced. Hereinafter, it will be described
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with reference to FIG. 21 why such a horizontal shadow is
produced in a normally black mode liquid crystal display
device. In the liquid crystal display device 100A, each CS bus
line is connected to the storage capacitors of multiple subpix-
els in a single pixel. When the liquid crystal display device
100A presents at high speeds a background display portion
with low luminance (and at a grayscale tone), and a window
portion having two regions with approximately as low a lumi-
nance as the background display portion and a high-lumi-
nance region sandwiched between those two regions, hori-
zontal shadows that have a higher luminance than what
should be presented there could be produced on the right- and
left-hand sides of the window portion as shown in FIG. 21(a).
[0253] In a situation where a positive write voltage is
applied to a pixel electrode, as the pixel potential rises, the
gate-drain potential falls and the ON-state resistance of the
TFT rises gradually. On the other hand, if a negative write
voltage is applied to the pixel electrode, the gate-drain poten-
tial is constant in spite of the fall of the potential at the pixel
electrode. In this manner, the ON-state resistance of the TFT
varies according to the polarity of the write voltage. Thatis to
say, the ON-state resistance is high when a positive voltage is
written but low when a negative voltage is written. As a result,
the pixel is charged at a lower rate when a positive voltage is
written than when a negative voltage is written.

[0254] Furthermore, while a pixel is being charged, the
potential at the pixel electrode varies. As a result, a ripple
voltage is superposed on a CS signal voltage. The ripple
voltage varies with the ON-state resistance of a TFT and has
its polarity inverted according to the polarity of the write
voltage. If a dot inversion drive is carried out, write voltages
with mutually different polarities are applied to adjacent pix-
els. As described above, according to the polarity of the write
voltage, the ON-state resistance of a TFT changes and the
potential at the pixel electrode varies at different rates. Con-
sequently, a positive ripple voltage is superposed on the CS
signal voltage.

[0255] FIG.21(b)shows how the ripple voltage superposed
on the CS voltage applied to a pixel in the background display
portion, a counter electrode voltage, a subpixel electrode
voltage, and a gate voltage change with time. Even though the
CS voltage actually varies with time, the ripple voltage is
shown in FIG. 21(b) with respect to the CS voltage. The ripple
voltage that has been superposed on the CS voltage attenuates
with time and will go almost zero when the gate voltage falls.
For that reason, the ripple voltage has virtually no influence
on the pixel electrode voltage. On the other hand, as shown in
FIG. 21(c), the positive and negative voltages written on a
pixelinthe window portion have greater amplitude than in the
background display portion because this device operates in
normally black mode. That is why the ripple voltage increases
at a pixel in the window portion compared to the background
display portion. Consequently, when the gate voltage falls,
the ripple voltage superposed on the CS signal has not suffi-
ciently attenuated yet. Instead, even after the gate voltage has
fallen, the ripple voltage continues to attenuate. As a result,
the pixel electrode voltage to be affected by the CS voltage
will vary by approximately V3 due to the residual ripple
voltage Vo In this manner, horizontal shadows are produced
in the window portion.

[0256] On the other hand, in the liquid crystal display
device 500A shown in FIG. 20, each CS bus line is connected
to the storage capacitors of subpixels belonging to two pixels
that are adjacent to each other in the column direction. That is
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why while one of the two pixels is being charged, the other
pixel will function as a smoothing capacitor to reduce the
ripple voltage. Consequently, the occurrence of horizontal
shadows can be prevented.

[0257] Inthe liquid crystal display device 500A, the bright,
moderate and dark subpixels have an area ratio of one to two
to one. However, the present invention is in no way limited to
that specific preferred embodiment. As already described
with reference to FIGS. 16 and 17, the bright, moderate and
dark subpixels should rather have an area ratio of one to one
to one from the standpoint of the viewing angle dependence
of the y characteristic.

[0258] FIG. 22 is a schematic plan view illustrating a liquid
crystal display device 300D as another preferred embodiment
of the present invention. In this liquid crystal display device
300D, the subpixel electrodes on the TFT substrate have slits,
while the counter electrode on the counter substrate has ribs.
Those slits and ribs are arranged so as to align the liquid
crystal molecules in four different directions.

[0259] The first and second subpixels SP-A and SP-B are
defined by subpixel electrodes 111a and 1115, respectively,
and are arranged in the column direction (i.e., y direction).
The subpixel electrode 111c¢ of the third subpixel SP-C
includes electrodes 111¢1, 111¢2 and a coupling portion 111¢
that couples these electrodes 111¢1 and 111¢2 together. The
electrodes 111¢1 and 111¢2 are arranged so as to be adjacent
to the subpixel electrodes 111a and 1115 of the first and
second subpixels SP-A and SP-B, respectively, in the row
direction (i.e., x direction). When measured in the row direc-
tion (i.e., x direction), the electrodes 111¢1 and 111¢2 are
approximately a half as long as the subpixel electrodes 111a
and 1115. Although the electrodes 111¢1 and 111¢2 are elec-
trically connected together with the coupling portion 111cc,
the coupling portion 111c¢c has a relatively small area. Thus,
the first, second and third subpixels SP-A, SP-B and SP-C
have an area ratio of approximately one to one to one.
[0260] The first and second subpixels SP-A and SP-B
include TFT-A and TFT-B, respectively, while the third sub-
pixel SP-C includes TFT-C1 and TFT-C2 associated with the
electrodes 111¢1 and 111¢2. The gate electrodes of TFT-C1
and TFT-C2, as well as those of TFT-A and TFT-B, are con-
nected to the G bus line, and the third subpixel SP-C is a
redundant structure. That is why even if one of the two contact
holes to make contact portions 119¢1 and 119¢2 between the
subpixel electrode 111c¢ of the third subpixel SP-C and the
drain extension lines 117¢1 and 117¢2 has not been formed as
intended, the decrease in yield can still be suppressed. Or
even if one of TFT-C1 and TFT-C2 has caused an operating
failure, the decrease in yield can also be suppressed by iso-
lating the malfunctioning transistor and using only the other
transistor that operates normally. Also, as for TFT-A, TFT-B,
TFT-C1, and TFT-C2, the source electrode extends in the x
direction from the source bus line that runs in the y direction,
and the drain electrode is arranged so as to face the source
electrode.

[0261] The storage capacitor of a subpixel is mostly pro-
duced by an overlap between a subpixel electrode and a CS
bus line. That is why there is no need to extend any drain
extension line and there is no concern about a decrease in
aperture ratio or the disconnection of the drain extension line,
either. Also, such a storage capacitor structure is effective
when there is only a relatively thin interlayer insulating film
with a thickness of several micrometers between the CS bus
line and the pixel electrode. This is because a desired electro-
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static capacitance value can be achieved easily in that case.
When measured in the row direction (i.e., the x direction), the
subpixel electrode 111a of the first subpixel SP-A is as long as
the subpixel electrode 1115 of the second subpixel SP-B. And
the width of overlap between the subpixel electrode 111a and
the CS bus line CS-A is approximately equal to the one
between the subpixel electrode 1115 and the CS bus line
CS-B. Consequently, the storage capacitor CCS-A of the first
subpixel SP-A is approximately equal to the storage capacitor
CCS-B of the second subpixel SP-B.

[0262] Also, when measured in the row direction (i.e., the x
direction), the electrodes 111¢1 and 111¢2 of the third sub-
pixel SP-C are approximately a half as long as the subpixel
electrode 111a of the first subpixel SP-A. And the storage
capacitors CCS-C1 and CCS-C2 of the third subpixel SP-C
are approximately a half of the storage capacitor CCS-A of
the first subpixel SP-A. Since the storage capacitors CCS-C1
and CCS-C2 are connected in parallel to each other, the sum
of the storage capacitors CCS-C1 and CCS-C2 of the third
subpixel SP-C is approximately equal to that of the storage
capacitors CCS-A and CCS-B of the first and second subpix-
els SP-A and SP-B.

[0263] In the preferred embodiment described above, the
electrodes 111¢1 and 111¢2 of the third subpixel SP-C are
directly coupled together by the coupling portion 111cc.
However, the present invention is in no way limited to that
specific preferred embodiment. The electrodes 111¢1 and
111¢2 may also be electrically connected together by the
drain electrode of a TF'T.

[0264] FIG. 23 schematically illustrates a plan view of a
liquid crystal display device 300E as another preferred
embodiment of the present invention. In this liquid crystal
display device 300E, the subpixel electrode 111c¢ of the third
subpixel SP-C includes electrodes 111¢1 and 111¢2, which
are not directly coupled together. That is why a single pixel
has four subpixel electrodes 111a, 1115, 111¢1 and 111¢2,
which are separated from each other.

[0265] The drain electrode of TFT-C of the third subpixel
SP-C is arranged parallel to the S bus line that runs in the y
direction. The electrodes 111¢1 and 111¢2 are electrically
connected to the same drain electrode in common and have an
equal potential. Although this drain electrode overlaps with
the G bus line, the drain electrode is relatively short in the row
direction (i.e., in the x direction), and therefore, the increase
in parasitic capacitance Cgd can be suppressed.

[0266] FIG. 24 schematically illustrates a plan view of a
liquid crystal display device 300F as another preferred
embodiment of the present invention. In this liquid crystal
display device 300F, the subpixel electrode 111¢ of the third
subpixel SP-C includes electrodes 111¢1 and 111¢2 and a
coupling portion 111cc that couples these electrodes 111¢1
and 111¢2 together. Although this coupling portion 111cc
overlaps with the G bus line, the area of the coupling portion
111cc is so smaller than those of the electrodes 111c1 and
111¢2 that the increase in the parasitic capacitance Cgd of the
third subpixel SP-C can be suppressed.

[0267] Strictly speaking, however, the parasitic capaci-
tance Cgd of the third subpixel SP-C has increased due to the
overlap of the coupling portion 111cc with the G bus line. In
this liquid crystal display device 300F, although TFT-C is
provided for the electrode 111¢1, no TFTs are provided for
the electrode 111¢2 and the drain electrode of TFT-C has a
smaller area than those of TF'T-A and TFT-B. As a result, the
increase in the parasitic capacitance Cgd of the third subpixel
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SP-Chas been suppressed. The Cgd ratio is represented as the
ratio of the parasitic capacitance Cgd to a subpixel capaci-
tance, which consists essentially of a liquid crystal capacitor
Clc and a storage capacitor CCS. If the first, second and third
subpixels SP-A, SP-B and SP-C have significantly different
Cgd ratios, the feedthrough voltage will also vary signifi-
cantly according to the Cgd ratio, thus producing a flicker. In
this liquid crystal display device 300F, the Cgd ratio of the
first, second and third subpixels SP-A, SP-B and SP-C is
substantially even with the parasitic capacitance Cgd of the
third subpixel SP-C suppressed, thereby minimizing the
occurrence of a flicker.

[0268] FIG. 25 schematically illustrates a plan view of the
TFT substrate of a liquid crystal display device 500B as
another preferred embodiment of the present invention.
[0269] The S bus line includes a first source line S1 and a
second source line S2 branched from the first source line S1.
In this manner, an S bus line associated with each pixel is
branched into these lines S1 and S2. The first subpixel SP-A
includes TET-A1 and TFT-A2, of which the source electrodes
are connected to the first and second source lines S1 and S2,
respectively. Likewise, the second subpixel SP-B includes
TFT-B1 and TFT-B2, of which the source electrodes are also
connected to the first and second source lines S1 and S2,
respectively. Thus, the first and second subpixels SP-A and
SP-B have redundant structures. Also, since one of the first
and second subpixels SP-A and SP-B becomes a bright sub-
pixel that contributes to the display operation significantly,
the decrease in yield can be suppressed if the first and second
subpixels SP-A and SP-B have redundant structures.

[0270] The third subpixel SP-C has first and second regions
that are arranged so as to interpose the first and second sub-
pixels SP-A and SP-B between them. The first source line S1
is arranged between the first and second subpixels SP-A and
SP-B and the first region of the third subpixel SP-C. And the
second source line S2 is arranged between the first and second
subpixels SP-A and SP-B and the second region of the third
subpixel SP-C.

[0271] The third subpixel SP-C includes subpixel elec-
trodes 111ca and 111¢b, which are provided for the first and
second regions, respectively. Between these subpixel elec-
trodes 111ca and 111¢b of the third subpixel SP-A, arranged
are the subpixel electrodes 111a and 1115 of the first and
second subpixels SP-A and SP-B. The subpixel electrode
111ca includes electrodes 111cal and 111¢a2 and a coupling
portion 111cca that couples these electrodes 111cal and
111ca2 together. Likewise, the subpixel electrode 111ch
includes electrodes 111¢b1 and 111¢b2 and a coupling por-
tion 111ccb that couples these electrodes 111c¢b1 and 111¢52
together.

[0272] When measured in the row direction (i.e., x direc-
tion), the electrodes 111cal, 111ca2, 111c¢h1 and 111¢b2 of
the third subpixel SP-C are approximately a quarter as long as
the subpixel electrodes 111a and 1115 of the first and second
subpixels SP-A and SP-B. On the other hand, when measured
in the column direction (i.e., y direction), the electrodes
111cal, 111ca2,111cb1 and 111¢b2 are approximately twice
as long as the subpixel electrodes 111a and 1115. As a result,
the area of the subpixel electrodes 111ca and 111¢b is a half
of the area of the subpixel electrodes 111a and 1115, and the
first, second and third subpixels have an area ratio of approxi-
mately one to one to one.

[0273] TFT-Cal, TFT-Ca2, TFT-Cbl, and TFT-Cb2 are
respectively provided for the electrodes 111cal, 111ca2,
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111¢b1 and 111¢b2 of the third subpixel SP-C. That is to say,
each of the subpixel electrodes 111ca and 111¢b has two
TFTs and has a redundant structure. Thus, in this liquid crys-
tal display device 500B, each of the subpixel electrodes 111a,
1115, 111ca and 111c¢b that are separated from each other has
a redundant structure.

[0274] Also, in the liquid crystal display device S00B, the
subpixel electrodes 111ca and 111c¢b of the respective third
subpixels of two different pixels are arranged between two S
bus lines that are adjacent to each other in the column direc-
tion in which different source signals are supplied, thereby
preventing the S bus lines from being short-circuited with
each other. In the example illustrated in FIG. 25, the source
lines are branched in the liquid crystal display device 500B to
make this arrangement understandable more easily. Alterna-
tively, equivalent source signals could be supplied through
the two source lines, too.

[0275] FIG. 26 schematically illustrates a plan view of the
TFT substrate of a liquid crystal display device 500C as
another preferred embodiment of the present invention. The
coupling portion 111cca that couples together the electrodes
111c¢al and 111ca2 of the subpixel electrode 111ca overlaps
with the G bus line. That is why the parasitic capacitances
Cgd of the subpixel electrodes 111ca and 111cb are
increased. In this liquid crystal display device 500C, TFT-Ca
and TFT-Cb are provided for the electrodes 111cal and
111c¢b1 of the subpixel electrodes 111ca and 111¢b but no
TFTs are provided for the electrodes 111ca2 and 111¢b2. In
this manner, in the liquid crystal display device 500C, the
number of TFTs provided for the subpixel electrodes 111ca
and 111¢b of the third subpixel SP-C is reduced, and the area
of'the drain electrode of TFT-Ca, TFT-Cb associated with the
subpixel electrode 111ca, 111¢b is made to be smaller than
the total area of the drain electrodes of the TFTs associated
with the subpixel electrode 111a or 1115, thereby offsetting
the increase in parasitic capacitances Cgd due to the overlap
between the coupling portions 111cca and 111ccb and the G
bus line. If the Cgd ratio of the subpixel electrodes 111a,
1115, 111ca and 111c¢b were quite different from one to one
to one to one, then a feedthrough voltage would vary signifi-
cantly due to the difference in Cgd ratio, thus producing a
flicker. In this liquid crystal display device S00C, however,
the parasitic capacitances Cgd of the subpixel electrodes
111c¢a and 111¢b is minimized, thereby making the Cgd ratio
of the subpixel electrodes 111a, 1115, 111ca and 111cb
approximately one to one to one to one and suppressing the
occurrence of a flicker.

[0276] Inthe liquid crystal display devices 500B and 500C
shown in FIGS. 25 and 26, the S bus line is branched. In the
liquid crystal display devices 300D, 300E and 300F shown in
FIGS. 22, 23 and 24, on the other hand, the S bus line is not
branched. That is why the liquid crystal display devices
300D, 300E and 300F can have a higher aperture ratio than
the liquid crystal display devices 500B and 500C.

[0277] In the preferred embodiments described above, at
least two of multiple subpixels (or at least some of them) are
arranged in the row direction (i.e., in the x direction). How-
ever, the present invention is in no way limited to those
specific preferred embodiments. Every subpixel of a pixel
could be arranged in the column direction (i.e., y direction),
too.

[0278] FIG. 27 schematically illustrates an equivalent cir-
cuit of a single pixel of a liquid crystal display device 500D1.
In this liquid crystal display device 500D1, each pixel
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includes first, second and third subpixels SP-A, SP-B and
SP-C. The first and second subpixels SP-A and SP-B have
TFT-A and TFT-B, respectively, while the third subpixel
SP-C has two thin-film transistors TFT-C1 and TFT-C2.
[0279] The equivalent circuit illustrated in FIG. 27 is one of
the pixels that form an m” row. The gate bus line Gm asso-
ciated with the M” row consists of two gate lines Gm1 and
Gm?2, which are connected together in the liquid crystal dis-
play device. The gate line Gm1 is connected to the respective
gate electrodes of TFT-A of the first subpixel SP-A and TFT-
C1 of the third subpixel SP-C. On the other hand, the gate line
Gm?2 is connected to the respective gate electrodes of TFT-B
ofthe second subpixel SP-B and TFT-C2 of the third subpixel
SP-C. The two thin-film transistors TFT-C1 and TFT-C2 of
the third subpixel SP-C are connected to the two gate lines
Gm1 and Gm2, to which equivalent gate signals are supplied,
and the third subpixel SP-C has a redundant structure.
[0280] The first subpixel SP-A has a liquid crystal capacitor
CLC-A and a storage capacitor CCS-A. The second subpixel
SP-B has a liquid crystal capacitor CLC-B and a storage
capacitor CCS-B. And the third subpixel SP-C has a liquid
crystal capacitor CLC-C and storage capacitors CCS-Al and
CCS-B1. In this case, the electrostatic capacitance value of
the storage capacitor CCS-A1 is approximately equal to that
of the storage capacitor CCS-B1.

[0281] FIG. 28 schematically illustrates a plan view of the
TFT substrate of the liquid crystal display device 500D1. In
this liquid crystal display device 500D1, the third subpixel
SP-Cis arranged between the first and second subpixels SP-A
and SP-B, and the first, second and third subpixels SP-A,
SP-B and SP-C are arranged in the column direction between
two adjacent CS bus lines CS-A and CS-B. The first, second
and third subpixels SP-A, SP-B and SP-C have an area ratio of
one to one to one.

[0282] Two gate lines Gm1 and Gm?2 are illustrated in FIG.
28. As shown in FIG. 27, equivalent gate signals are supplied
to the gate lines Gm1 and Gm?2. Also, although the number of
CS bus lines (or CS lines) agrees with the number of rows of
pixels, a single CS bus line causes a voltage pull-up or pull-
down in the respective liquid crystal capacitors of subpixels
belonging to two pixels that are adjacent to each other in the
column direction. And each pixel is associated with two CS
bus lines.

[0283] The drain electrodes of the two thin-film transistors
TFT-C1 and TFT-C2 of the third subpixel SP-C are electri-
cally connected to the drain extension lines 117¢1 and 117¢2,
which run from the drain electrodes of TFT-C1 and TFT-C2
through the storage capacitor electrodes by way of contact
portions 119¢1 and 119¢2. The drain extension lines 117¢1
and 117¢2 are connected to the subpixel electrode 111¢ at the
contact portions 119¢1 and 119¢2. And the storage capacitor
electrodes of the drain extension lines 117¢1 and 117¢2 and
the storage capacitor counter electrodes of the CS bus lines
CS-A and CS-B form respective storage capacitors. The drain
extension lines 117¢1 and 117¢2 run in the row direction (i.e.,
in x direction) parallel to the G bus line, and then in the
column direction (i.e., in y direction) toward the CS bus lines
CS-A and CS-B, thereby shortening the drain extension lines
117¢1 and 117¢2 and increasing the aperture ratio of the third
subpixel SP-C.

[0284] The drain extension lines 117a and 1175 of the first
and second subpixels SP-A and SP-B do not intersect with the
G bus line, but the drain extension lines 117¢1 and 117¢2 of
the third subpixel SP-C do intersect with the G bus line, where
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the parasitic capacitance Cgd of the third subpixel SP-C
becomes greater than that of the first and second subpixels
SP-A and SP-B. In this liquid crystal display device 500D1,
however, to offset the increase in the parasitic capacitance
Cgd of'the third subpixel SP-C, the area of the drain electrode
of TFT-A, TFT-B of the first, second subpixels SP-A, SP-B is
defined to be greater than that of the drain electrode of TFT-
C1, TFT-C2. As a result, the first, second and third subpixels
SP-A, SP-B and SP-C can have a substantially even Cgd ratio
and the feedthrough voltages of the drain voltages can be
substantially equalized with each other among the subpixels,
thus minimizing the decrease in display quality.

[0285] The drain extension lines 117¢1 and 117¢2 of the
third subpixel SP-C partially overlap with the subpixel elec-
trodes 111a and 1115 of the first and second subpixels SP-A
and SP-B. However, the storage capacitor electrodes that have
a large area on the drain extension lines 117¢1 and 117¢2 are
arranged so as not to overlap with the subpixel electrodes
111a and 1115. As a result, it is possible to prevent the
voltages at the liquid crystal capacitors of the first and second
subpixels SP-A and SP-B from varying under the influence of
the third subpixel SP-C.

[0286] Parasitic capacitances Csd are produced between
subpixel electrodes and S bus lines that are adjacent to each
other. When a dot inversion drive is carried out, source signals
with mutually different polarities are supplied to two adjacent
S bus lines. In that case, by ensuring that two sides running in
the column direction (i.e., in the y direction) of each of the
subpixel electrodes 111a, 1115 and 111c¢ are substantially
equal, the parasitic capacitances Csd between the two S bus
lines and each of the subpixel electrodes can be substantially
equalized. As a result, the influence of the two parasitic
capacitances Csd on the voltages at the liquid crystal capaci-
tors can be offset and the decrease in display quality can be
minimized.

[0287] The storage capacitor CCS-A of the first subpixel
SP-A is formed by the CS line CS-A and the storage capacitor
electrode 118a. The storage capacitor CCS-B of the second
subpixel SP-B is formed by the CS line CS-B and the storage
capacitor electrode 1185. The storage capacitor CCS-Al of
the third subpixel SP-C is formed by the CS line CS-A and the
storage capacitor electrode 118¢1. And the storage capacitor
CCS-81 is formed by the CS line CS-B and the storage
capacitor electrode 118¢2. The storage capacitor electrodes
118a, 1185, 118¢1 and 118¢2 are arranged so as to overlap
with the CS lines CS-A and CS-B. Also, the electrostatic
capacitance value of a storage capacitor is defined by the area
of its storage capacitor electrode. In this case, the storage
capacitor electrodes 118a and 1185 have an equal area and the
storage capacitor electrodes 118¢1 and 118¢2 also have an
equal area.

[0288] Also, inthis liquid crystal display device 500D1, the
two gate lines are passed between the two CS bus lines CS-A
and CS-B, thereby realizing a three division structure. Fur-
thermore, in this liquid crystal display device 500D1, each CS
bus line is connected to the storage capacitors of multiple
subpixels belonging to two pixels that are adjacent to each
other in the column direction. And when pixels are charged,
the capacitance of those adjacent pixels in the column direc-
tion will function as a smoothing capacitance. As a result, a
rise in ripple voltage can be reduced, and therefore, the occur-
rence of a horizontal shadow can be minimized.

[0289] FIG. 29 schematically illustrates an equivalent cir-
cuit of a single pixel of a liquid crystal display device 500D2.
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In this liquid crystal display device 500D2, each pixel has
first, second and third subpixels SP-A, SP-B and SP-C, which
have TFT-A, TFT-B and TFT-C, respectively.

[0290] The equivalent circuit illustrated in FIG. 29 repre-
sents a pixel at the intersection between the m” row and n”
column and a pixel at the intersection between the m” row
and (n+1)” column. A gate bus line Gm associated with the
m?” row includes gate lines Gm1 and Gm2, which are con-
nected together in this liquid crystal display device. As for the
pixel at the intersection between the m™ row and n” column,
the gate line Gm1 is connected to the respective gate elec-
trodes of TFT-A of the first subpixel SP-A and TFT-C of the
third subpixel SP-C, while the gate line Gm?2 is connected to
the gate electrode of TFT-B of the second subpixel SP-B. As
for the pixel at the intersection between the m” row and
(n+1)” column, the gate line Gm1 is connected to TFT-A of
the first subpixel SP-A, while the gate line Gm2 is connected
to the respective gate electrodes of TFT-B of the second
subpixel SP-B and TFT-C of the third subpixel SP-C.

[0291] In each of the pixel at the intersection between the
m? row and n” column and the pixel at the intersection
between the m” row and (n+1)” column, the first subpixel
SP-A has a liquid crystal capacitor CLC-A and a storage
capacitor CCS-A, the second subpixel SP-B has a liquid
crystal capacitor CLC-B and a storage capacitor CCS-B, and
the third subpixel SP-C has a liquid crystal capacitor CLC-C
and storage capacitors CCS-A1l and CCS-B1. In this case, the
electrostatic capacitance value of the storage capacitor CCS-
Al is approximately equal to that of the storage capacitor
CCS-B1.

[0292] FIG. 30 schematically illustrates a plan view of the
TFT substrate of the liquid crystal display device 500D2. In
this liquid crystal display device 500D2, the third subpixel
SP-Cis arranged between the first and second subpixels SP-A
and SP-B, and the first, second and third subpixels SP-A,
SP-B and SP-C are arranged in the column direction between
two adjacent CS bus lines CS-A and CS-B. The first, second
and third subpixels SP-A, SP-B and SP-C have an area ratio of
one to one to one.

[0293] Two gate lines Gm1 and Gm?2 are illustrated in FIG.
30. As shown in FIG. 29, equivalent gate signals are supplied
to the gate lines Gm1 and Gm?2. Also, although the number of
CS bus lines (or CS lines) agrees with the number of rows of
pixels, a single CS bus line causes a voltage pull-up or pull-
down in the respective liquid crystal capacitors of subpixels
belonging to two pixels that are adjacent to each other in the
column direction. And each pixel is associated with two CS
bus lines.

[0294] The drain electrode of TFT-C of the third subpixel
SP-C is electrically connected to the drain extension line
117¢, which runs from the drain electrodes of TFT-C through
the storage capacitor electrode by way of the contact portion
119c¢. The drain extension line 117¢ is connected to the sub-
pixel electrode 111c¢ at the contact portion 119¢. And the
storage capacitor electrodes of the drain extension line 117¢
and the storage capacitor counter electrodes of the CS bus
lines CS-A and CS-B form respective storage capacitors. The
drain extension line 117¢ runs in the row direction (i.e., in X
direction) parallel to the G bus line, and then in the column
direction (i.e., in y direction) toward the CS bus lines CS-A
and CS-B.

[0295] The drain extension lines 117a and 1175 of the first
and second subpixels SP-A and SP-B do not intersect with the
gate line Gm1 or Gm2, but the drain extension line 117¢ of the
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third subpixel SP-C does intersect with the gate lines Gm1
and Gm?2. The drain extension line 117¢ of the third subpixel
SP-C partially overlaps with the subpixel electrodes 111a and
11154 of the first and second subpixels SP-A and SP-B. How-
ever, the storage capacitor electrode that has a large area on
the drain extension line 117¢ is arranged so as not to overlap
with the subpixel electrodes 111a and 1115. As a result, it is
possible to prevent the voltages at the liquid crystal capacitors
of'the first and second subpixels SP-A and SP-B from varying
under the influence of the third subpixel SP-C.

[0296] Parasitic capacitances Csd are produced between
subpixel electrodes and S bus lines that are adjacent to each
other. When a dot inversion drive is carried out, source signals
with mutually different polarities are supplied to two adjacent
S bus lines. In that case, by ensuring that two sides running in
the column direction (i.e., in the y direction) of each of the
subpixel electrodes 111a, 1115 and 111c¢ are substantially
equal, the parasitic capacitances Csd between the two S bus
lines and each of the subpixel electrodes can be substantially
equalized. As a result, the influence of the two parasitic
capacitances Csd on the voltages at the liquid crystal capaci-
tors can be offset and the decrease in display quality can be
minimized.

[0297] The storage capacitor CCS-A of the first subpixel
SP-A is formed by the CS line CS-A and the storage capacitor
electrode 118a. The storage capacitor CCS-B of the second
subpixel SP-B is formed by the CS line CS-B and the storage
capacitor electrode 1185. The storage capacitor CCS-Al of
the third subpixel SP-C is formed by the CS line CS-A and the
storage capacitor electrode 118¢1. And the storage capacitor
CCS-81 is formed by the CS line CS-B and the storage
capacitor electrode 118¢2. The storage capacitor electrodes
118a, 1184, 118¢1 and 118¢2 are arranged so as to overlap
with the CS lines CS-A and CS-B. Also, the electrostatic
capacitance value of a storage capacitor is defined by the area
of its storage capacitor electrode. In this case, the storage
capacitor electrodes 118a and 1185 have an equal area and the
storage capacitor electrodes 118¢1 and 118¢2 also have an
equal area.

[0298] In each pixel, the first, third and second subpixels
SP-A, SP-C and SP-B are arranged in this order in the column
direction. If a dot inversion drive is carried out and if the first,
third and second subpixels SP-A, SP-C and SP-B of a pixel at
the intersection between the m” row and n” column are a
bright subpixel, a moderate subpixel and a dark subpixel,
respectively, then the first, third and second subpixels SP-A,
SP-C and SP-B of a pixel at the intersection between the m”
row and (n+1)” column are a dark subpixel, a moderate sub-
pixel and a bright subpixel, respectively.

[0299] Unlike the liquid crystal display device 500D1
shown in FIGS. 27 and 28, the third subpixel SP-C has only
one TFT-C in this liquid crystal display device 500D2, thus
reducing the load on the G bus line. In the pixel at the inter-
section between the mth row and nth column, the gate elec-
trode of TFT-C is connected to the gate line Gm1. In the pixel
at the intersection between the mth row and (n+1)th column,
on the other hand, the gate electrode of TFT-C is connected to
the gate line Gm2. In this manner, if the gate lines to which the
gate electrodes of TFT's-C of the respective third subpixels are
connected are changed alternately every adjacent pixel in the
row direction, the loads on the gate lines Gm1 and Gm2 can
be substantially equalized with each other. However, the gate
lines to which the gate electrodes of TFT's-C of the respective
third subpixels are connected do not have to be changed every
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adjacent pixel in the row direction. Alternatively, the same
number of TFTs-C of the respective third subpixels may be
connected to one of the two gate lines Gm1 and Gm?2 after
another every predetermined number of pixels that are adja-
cent to each other in the row direction. However, if the pre-
determined number of pixels, of which the gate electrodes of
TFTs-C of the respective third subpixels are connected to the
same gate line, were huge (e.g., several hundred), then pulses
of'the gate signal would lose its sharpness and the pixels could
be charged at significantly different rates.

[0300] Also, in the liquid crystal display devices S00D1
and 500D2, the two gate lines are passed between the two CS
bus lines CS-A and CS-B, thereby realizing a three division
structure. Furthermore, in the liquid crystal display devices
500D1 and 500D2, each CS bus line is connected to the
storage capacitors of multiple subpixels belonging to two
pixels that are adjacent to each other in the column direction.
And when pixels are charged, the capacitance of those adja-
cent pixels in the column direction will function as a smooth-
ing capacitance. As a result, a rise in ripple voltage can be
reduced, and therefore, the occurrence of a horizontal shadow
can be minimized.

[0301] In the liquid crystal display devices S00D1 and
500D2 shown in FIGS. 27 through 30, two gate lines pass
through each pixel. However, the present invention is in no
way limited to those specific preferred embodiments. Only
one gate line may pass through each pixel.

[0302] FIGS. 31 and 32 schematically illustrate a plan view
ofthe TFT substrate of aliquid crystal display device 500E. In
this liquid crystal display device 500E, each pixel also has
first, second and third subpixels SP-A, SP-B and SP-C, which
have an area ratio of approximately one to one to one.
[0303] The first, second and third subpixels SP-A, SP-B
and SP-C are arranged in the column direction (i.e., y direc-
tion) between the two CS bus lines CS-A and CS-B. Also,
each CS bus line CS-A, CS-B is connected to the storage
capacitors of multiple subpixels belonging to two pixels that
are adjacent to each other in the column direction. As a result,
the occurrence of a horizontal shadow can be minimized.
[0304] The first and second subpixels SP-A and SP-B
include TFT-A and TFT-B, respectively, while the third sub-
pixel SP-C includes TFT-C1 and TF'T-C2. The gate electrodes
of TFT-A, TFT-B, TFT-C1 and TFT-C2 are connected to the
G bus line, and the third subpixel SP-C has a redundant
structure.

[0305] The respective gate electrodes of TFT-A and TFT-
C1 are integrated together to form a gate electrode section
G1E. Likewise, the respective gate electrodes of TFT-B and
TFT-C2 are also integrated together to form a gate electrode
section G2E. These gate electrode sections G1E and G2E are
arranged in L shape and connected to a G bus line running in
the row direction (i.e., x direction). The respective drain elec-
trodes of TFT-A and TFT-B overlap with not only the gate
electrode sections G1E and G2E but also the G bus line. That
is why even if the drain electrodes of TFT-A and TFT-B have
been misaligned to a certain degree in the column direction
(i.e., y direction) with respect to the gate electrode sections
G1E and G2E, the variation in parasitic capacitance Cgd can
still be minimized.

[0306] The third subpixel SP-C straddles the G bus line that
runs in the row direction (i.e., in x direction). The subpixel
electrode 111c¢ of the third subpixel SP-C includes an elec-
trode 111c¢1 that is arranged in the +y direction with respect to
the G bus line, an electrode 111¢2 that is arranged in the -y
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direction with respect to the G bus line, and a coupling portion
111cc that couples these two electrodes 111¢1 and 111¢2
together. When measured in the row direction (i.e., x direc-
tion), the coupling portion 111c¢c is shorter than the electrodes
111¢1 and 111¢2. As a result, the increase in parasitic capaci-
tance Cgd can be suppressed.

[0307] The subpixel electrodes 111a and 1115 of the first
and second subpixels SP-A and SP-B and the drain extension
lines 117a and 11754 do not overlap with the G bus line, but the
coupling portion 111cc of the subpixel electrode 111c¢ of the
third subpixel SP-C does overlap with the G bus line. Thus,
the parasitic capacitance Cgd of the third subpixel SP-C has
increased. That is why the drain electrode of TFT-A and
TFT-B of the first and second subpixels SP-A and SP-B is
designed to have a greater area than that of TFT-C1 and
TFT-C2 of the third subpixel SP-C. Also, the respective drain
electrodes of TFT-A and TFT-B of the first and second sub-
pixels SP-A and SP-B are arranged so as to overlap with not
only the gate electrode sections G1E and G2E but also the G
bus line, thereby increasing the parasitic capacitances Cgd of
the first and second subpixels SP-A and SP-B. As a result, the
Cgd ratio of the first, second and third subpixels SP-A, SP-B
and SP-C can be adjusted easily, the feedthrough voltages of
the drain voltages can be substantially equalized with each
other, and the decrease in display quality can be minimized.
[0308] The drain extension lines 117¢1 and 117¢2 electri-
cally connect the respective drain electrodes of TFT-C1 and
TFT-C2 of the third subpixel to the subpixel electrode 111¢ at
the contact portions 119¢1 and 119¢2, respectively. Also, the
storage capacitor electrodes of the drain extension lines
117¢1 and 117¢2 and the CS bus line CS-A and CS-Btogether
form two storage capacitors. The subpixel electrodes 111a
and 1115 of the first and second subpixels SP-A and SP-B are
arranged so as not to overlap with a region where the drain
extension lines 117¢1 and 117¢2 overlap with the CS bus lines
CS-A and CS-B. As a result, it is possible to prevent the
voltages at the liquid crystal capacitors of the first and second
subpixels SP-A and SP-B from being affected by the third
subpixel SP-C.

[0309] The coupling portion 111cc of the subpixel elec-
trode 111c¢ overlaps with the G bus line. To prevent these
members from being short-circuited with each other, an inter-
layer insulating film of an organic material with a thickness of
approximately 2-3 um is provided between them. By provid-
ing such a relatively thick interlayer insulating film, the
increase in parasitic capacitance Cgd can be suppressed. It is
naturally possible to provide a thick interlayer insulating film
made of an inorganic material such as SiN_. However, an
organic film could be formed by a coating process thicker
than an inorganic film to be easily formed by a vapor phase
epitaxy, for example.

[0310] The S bus line runs in the column direction (i.e., y
direction) and two sides of the subpixel electrodes 111a and
11154 have an equal length as measured in the column direc-
tion (y direction). As a result, the influence of the parasitic
capacitances Csd produced between each of the subpixel
electrodes 111a, 1115 and the S bus lines on the liquid crystal
capacitors of the first and second subpixels SP-A and SP-B
can be offset and the decrease in display quality can be mini-
mized as described above. In the example illustrated in FIG.
32, the coupling portion 111cc of the subpixel electrode 111¢
is arranged in the vicinity of one of the two adjacent S bus
lines. However, the coupling portion 111¢c could be arranged
at an intermediate position between the two S bus lines, too.
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Inthat case, since there is a longer distance from the coupling
portion 111c to each S bus line, the increase in the storage
capacitances Csd produced by the coupling portion 111cc and
the S bus lines can be suppressed and the parasitic capaci-
tances Csd of the S bus lines and the subpixel SP-C can be
substantially equalized with each other.

[0311] Intheliquid crystal display devices of the preferred
embodiments described above, each G bus line consists of
only one gate line and each CS bus line consists of only one
CS line. However, the present invention is in no way limited
to those specific preferred embodiments.

[0312] FIG. 33 schematically illustrates an equivalent cir-
cuit of a single pixel of a liquid crystal display device 600A as
another preferred embodiment of the present invention. Each
pixel of the liquid crystal display device 600A includes first,
second and third subpixels SP-A, SP-B and SP-C and is
associated with one G bus line, one S bus line and two CS bus
lines.

[0313] One of the pixels that form an m” row is illustrated
in FIG. 33. The G bus line Gm associated with the m” row
includes gate lines Gm1, Gm?2 and an interconnect Gm3 that
is connected to these gate lines Gm1 and Gm2. Equivalent
gate signals are supplied to these gate lines Gm1 and Gm?2.
[0314] The CS bus line CS-A includes CS lines CS-Al,
CS-A2 and an interconnect CS-A3 that is connected to these
CS lines CS-Al and CS-A2. Equivalent CS signals are sup-
plied to these CS lines CS-A1l and CS-A2. Likewise, the CS
bus line CS-B includes CS lines CS-B1, CS-B2 and an inter-
connect CS-B3 that is connected to these CS lines CS-B1 and
CS-B2. Equivalent CS signals are supplied to these CS lines
CS-B1 and CS-B2.

[0315] The first and second subpixels SP-A and SP-B
include TFT-A and TFT-B, respectively, while the third sub-
pixel SP-C includes TFT-C1 and TF'T-C2. The gate electrodes
of TFT-C1 and TFT-C2 are connected to the gate lines Gm1
and Gm?2 to which the gate signal is supplied, and the third
subpixel SP-C has a redundant structure.

[0316] The firstsubpixel SP-A has aliquid crystal capacitor
CLC-A and a storage capacitor CCS-Al. The second sub-
pixel SP-B has a liquid crystal capacitor CLC-B and a storage
capacitor CCS-B2. And the third subpixel SP-C has a liquid
crystal capacitor CLC-C and storage capacitors CCS-A2a
and CCS-Bla. In this case, the electrostatic capacitance value
of the storage capacitor CCS-A2a is approximately equal to
that of the storage capacitor CCS-Bla.

[0317] The liquid crystal capacitor CLC-A of the first sub-
pixel SP-A is subjected to a voltage pull-up (or pull-down) by
the CS line CS-Al. The liquid crystal capacitor CLC-B of the
second subpixel SP-B is subjected to a voltage pull-down (or
pull-up) by the CS line CS-B2. And the liquid crystal capaci-
tor CLC-C of the third subpixel SP-C is subjected to both a
voltage pull-up (or pull-down) by the CS line CS-A2 and a
voltage pull-down (or pull-up) by the CS line CS-Bl. As a
result, if the first subpixel becomes a bright subpixel, the
second and third subpixels become a dark subpixel and a
moderate subpixel, respectively.

[0318] FIG. 34 schematically illustrates a plan view of the
TFT substrate of a liquid crystal display device 600A. In FIG.
34, illustrated are R, G and B pixels that represent the colors
red, green and blue, respectively, and that are arranged in the
row direction (i.e., x direction).

[0319] TheCS lines CS-Al, CS-A2, CS-B1 and CS-B2 are
formed in the same manufacturing process step as the G bus
lines. Thus, the G bus lines and the CS lines CS-Al, CS-A2,
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CS-B1 and CS-B2 will be collectively referred to herein as
“gate metal” or “gate layer”. Meanwhile, the interconnects
CS-A3 and CS-B3 are formed in the same manufacturing
process step as the S bus lines. Thus, the S bus lines and the
interconnects CS-A3 and CS-B3 will be collectively referred
to herein as “source metal (source layer)”. An insulating layer
is interposed between the gate metal and the source metal.
The interconnect CS-A3 connects together the CS lines CS-
Al and CS-A2 through a contact hole, while the interconnect
CS-B3 connects together the CS lines CS-B1 and CS-B2
through a contact hole.

[0320] Look at the gate layer, and it can be seen that in the
column direction (y direction), the CS line CS-Al, gate line
Gml, CS lines CS-B1, CS-A2, gate line Gm2, and CS line
CS-B2 are arranged in this order. The CS lines CS-A1l and
CS-A2 are arranged so as to interpose the gate line Gml
between them. Likewise, the CS lines CS-B1 and CS-B2 are
arranged so as to interpose the gate line Gm2 between them.
The CS bus lines CS-A and CS-B have interconnects CS-A3
and CS-B3, respectively, which are formed in the same manu-
facturing process step as the S bus lines. Thus, the CS bus
lines CS-A and CS-B can be formed without short-circuiting
the G bus line Gm with the CS bus lines CS-A and CS-B.

[0321] Furthermore, since the third subpixel SP-C is
arranged at the center of each pixel, the third subpixel SP-C
and the CS lines CS-A2 and CS-B1, to which CS signals with
mutually different phases are supplied, can form storage
capacitor more easily. In addition, the drain extension lines
can be shortened and the decrease in aperture ratio can be
suppressed.

[0322] The third subpixel SP-C includes TFT-C1 and TFT-
C2 that are respectively connected to the gate lines Gm1 and
Gm?2, to which equivalent gate signals are supplied, and
therefore, has a redundant structure. The subpixel electrode
111¢ of the third subpixel SP-C is arranged between the gate
lines Gm1 and Gm?2. FIG. 34 illustrates the subpixel electrode
111c¢ of the third subpixel SP-C and the CS lines CS-A2 and
CS-B1 so as to allow the reader to understand how they
overlap with each other. However, as already described with
reference to FIGS. 16 and 17, considering the viewing angle
dependence of the y characteristic, the bright, moderate and
dark subpixels preferably have an area ratio of one to one to
one. Also, the liquid crystal display device 600A performs a
dot inversion drive, and therefore, when viewed in the row
direction, a dark subpixel is arranged next to a bright subpixel
and a moderate subpixel is arranged adjacent to another mod-
erate subpixel.

[0323] Inthe liquid crystal display devices of the preferred
embodiments described above, each pixel is supposed to have
three subpixels. However, the present invention is in no way
limited to those specific preferred embodiments. Each pixel
may also have four or more subpixels.

[0324] FIG. 35 schematically illustrates an equivalent cir-
cuit of a single pixel of a liquid crystal display device 600B as
another preferred embodiment of the present invention. Each
pixel of the liquid crystal display device 600B includes first,
second, third and fourth subpixels SP-A, SP-B, SP-C and
SP-D.

[0325] One of the pixels that form an m” row is illustrated
in FIG. 35. The G bus line Gm associated with the M? row
includes gate lines Gm1, Gm?2 and an interconnect Gm3 that
is connected to these gate lines Gm1 and Gm2. Equivalent
gate signals are supplied to these gate lines Gm1 and Gm?2.
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[0326] The CS bus line CS-A includes CS lines CS-Al,
CS-A2 and an interconnect CS-A3 that is connected to these
CS lines CS-Al and CS-A2. Equivalent CS signals are sup-
plied to these CS lines CS-Al and CS-A2. Likewise, the CS
bus line CS-B includes CS lines CS-B1, CS-B2 and an inter-
connect CS-B3 that is connected to these CS lines CS-B1 and
CS-B2. Equivalent CS signals are supplied to these CS lines
CS-B1 and CS-B2.

[0327] Thefirst subpixel SP-A has aliquid crystal capacitor
CLC-A and a storage capacitor CCS-Al. The second sub-
pixel SP-B has a liquid crystal capacitor CLC-B and a storage
capacitor CCS-B2. The third subpixel SP-C has a liquid crys-
tal capacitor CLC-C and storage capacitors CCS-A2a and
CCS-Bla. And the fourth subpixel SP-D has a liquid crystal
capacitor CLC-D and storage capacitors CCS-A2b and CCS-
B1a.

[0328] The liquid crystal capacitor of the first subpixel
SP-A is subjected to a voltage pull-up (or pull-down) by the
CS line CS-A. That of the second subpixel SP-B is subjected
to a voltage pull-down (or pull-up) by the CS line CS-B. And
the liquid crystal capacitors of the third and fourth subpixels
SP-C and SP-D are subjected to both a voltage pull-up (or
pull-down) by the CS line CS-A and a voltage pull-down (or
pull-up) by the CS line CS-B. In this case, the liquid crystal
capacitor of the third subpixel SP-C is affected by the voltage
pull-up (or pull-down) by the CS bus line CS-A more signifi-
cantly than by the voltage pull-down (or pull-up) by the CS
bus line CS-B. Meanwhile, the liquid crystal capacitor of the
fourth subpixel SP-D is affected by the voltage pull-down (or
pull-up) by the CS bus line CS-B more significantly than by
the voltage pull-up (or pull-down) by the CS bus line CS-A.
[0329] As can be seen, the liquid crystal display device
600B has a four division (4VT) structure. It should be noted
that if the difference between the storage capacitors CCS-Bla
and CCS-A2aq of the third subpixel SP-C is approximately
equal to the difference between the storage capacitors CCS-
B1b and CCS-A2b of the fourth subpixel SP-D, then the
liquid crystal capacitor CLC-C of the third subpixel SP-C gets
equal to the liquid crystal capacitor CLC-D of the fourth
subpixel SP-D. As a result, the liquid crystal display device
600B conducts a display operation in the same way as a liquid
crystal display device with a 3VT structure.

[0330] FIG. 36 schematically illustrates a plan view of the
TFT substrate of a liquid crystal display device 600B. The
third and fourth subpixels SP-C and SP-D of the liquid crystal
display device 600B are arranged at a position corresponding
to that of the third subpixel SP-C of the liquid crystal display
device 600A shown in FIG. 34. The boundaries between the
subpixel electrodes 111¢ and 111d of the third and fourth
subpixels SP-C and SP-D face at least two different directions
and serve as slits that align the liquid crystal molecules.
[0331] The storage capacitor CCS-A1 of the first subpixel
SP-A is formed by a CS line CS-A1 and a storage capacitor
electrode 118a. The storage capacitor CCS-B2 of the second
subpixel SP-B is formed by a CS line CS-B2 and a storage
capacitor electrode 1185. The storage capacitor CCS-A2a of
the third subpixel SP-C is formed by a CS line CS-A2 and a
storage capacitor electrode 118¢1. The storage capacitor
CCS-Bla thereof is formed by a CS line CS-B1 and a storage
capacitor electrode 118¢2. The storage capacitor CCS-A2b of
the fourth subpixel SP-D is formed by a CS line CS-A2 and a
storage capacitor electrode 11841. The storage capacitor
CCS-B1b thereof is formed by a CS line CS-B1 and a storage
capacitor electrode 11842.
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[0332] Thestorage capacitor electrodes 118a,1185,118¢1,
118¢2,118d1 and 11842 are arranged so as to overlap with the
CS lines CS-Al, CS-A2, CS-B1 and CS-B2 and have their
electrostatic capacitance values defined by their areas in this
example. The storage capacitor electrodes 118a, 1185,
118¢1, 1182, 11841 and 11842 are formed in the same
manufacturing process step as the S bus lines.

[0333] Look at the third subpixel SP-C, and it can be seen
that the storage capacitor electrode 118¢1 has a greater area
than the storage capacitor electrode 118¢2 and that the stor-
age capacitor CCS-A2a has a greater electrostatic capaci-
tance value than the storage capacitor CCS-Bla. Look at the
fourth subpixel SP-D, and it can be seen that the storage
capacitor electrode 11842 has a greater area than the storage
capacitor electrode 11841 and that the storage capacitor CCS-
B1b has a greater electrostatic capacitance value than the
storage capacitor CCS-A2b. Consequently, if the first and
second subpixels become a bright subpixel and a dark sub-
pixel, respectively, the third and fourth subpixel will be a
moderately bright subpixel and a moderately dark subpixel,
respectively. As used herein, the second brightest one of the
four subpixels will be referred to herein as a “moderately
bright subpixel” and the second darkest one of the four sub-
pixels (i.e., the third brightest subpixel) will be referred to
herein as a “moderately dark subpixel”. Also, this liquid
crystal display device 600B performs a dot inversion drive
operation. Thus, a subpixel that is adjacent to a bright sub-
pixel in the row direction becomes a dark subpixel, and a
subpixel that is adjacent to a moderately bright subpixel in the
row direction becomes a moderately dark subpixel.

[0334] Inthe preferred embodiments described above, each
CS bus line is supposed to have two CS lines. However, the
present invention is in no way limited to those specific pre-
ferred embodiments.

[0335] FIG. 37 schematically illustrates an equivalent cir-
cuit representing a single pixel of a liquid crystal display
device 600C as another preferred embodiment of the present
invention. The S bus line includes a first source line S1 and a
second source line S2 branched from the first source line S1.
The first source line S1 is connected to the respective source
electrodes of TFT-A, TFT-B and TFT-C of the first, second
and third subpixels SP-A, SP-B and SP-C. On the other hand,
the second source line S2 is connected to the source electrode
of TFT-D of the fourth subpixel SP-D.

[0336] The liquid crystal capacitor CLC-A of the first sub-
pixel SP-A is subjected to a voltage pull-up (or pull-down) by
the CS bus line CS-A. The liquid crystal capacitor CLC-B of
the second subpixel SP-B is subjected to a voltage pull-down
(or pull-up) by the CS bus line CS-B. And the liquid crystal
capacitors CLC-C and CLC-D of the third and fourth subpix-
els SP-C and SP-D are subjected to both a voltage pull-up (or
pull-down) by the CS bus line CS-A and a voltage pull-down
(or pull-up) by the CS bus line CS-B. As for the third subpixel
SP-C, however, the storage capacitor CCS-C1 produced with
respect to the CS bus line CS-A has a greater electrostatic
capacitance value than the storage capacitor CCS-C2 pro-
duced with respect to the CS bus line CS-B. As for the fourth
subpixel SP-C, on the other hand, the storage capacitor CCS-
D2 produced with respect to the CS bus line CS-B has a
greater electrostatic capacitance value than the storage
capacitor CCS-D1 produced with respect to the CS bus line
CS-A. Consequently, the liquid crystal capacitor CLC-C of
the third subpixel SP-C is affected by the voltage pull-up (or
pull-down) by the CS bus line CS-A more significantly than
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by the voltage pull-down (or pull-up) by the CS bus line
CS-B. Meanwhile, the liquid crystal capacitor CLC-D of the
fourth subpixel SP-D is affected by the voltage pull-down (or
pull-up) by the CS bus line CS-B more significantly than by
the voltage pull-up (or pull-down) by the CS bus line CS-A.
[0337] In this manner, due to the difference in electrostatic
capacitance value between the two storage capacitors associ-
ated with the CS bus lines CS-A and CS-B, the voltage pull-
up (or pull-down) caused by the CS bus line CS-A prevails in
the third subpixel SP-C, while the voltage pull-down (or
pull-up) caused by the CS bus line CS-B prevails in the fourth
subpixel SP-D. It should be noted that the storage capacitor
CCS-A connected to the CS bus line CS-A for the first sub-
pixel SP-A is approximately equal to the storage capacitor
CCS-B connected to the CS bus line CS-B for the second
subpixel.

[0338] As can be seen, the liquid crystal display device
600C has a 4VT structure. In FIG. 37, two branched lines of
a single S bus line are illustrated to make the reader under-
stand this arrangement more easily. Alternatively, two source
lines, to which equivalent source signals are supplied, may be
provided, too.

[0339] Hereinafter, the signals supplied to the liquid crystal
display device 600C will be described with reference to
FIGS. 37 and 38. The signal waveform diagram illustrated in
FIG. 38 shows the waveforms of a Gate signal supplied to the
G bus line, CS signals VCS-A and VCS-B supplied to the CS
bus lines CS-A and CS-B, and voltages VClc-A, VClc-B,
VCl1c-C and VCle-D applied to the liquid crystal capacitors
CLC-A, CLC-B, CLC-C and CLC-D of the first, second, third
and fourth subpixels SP-A, SP-B, SP-C and SP-D, respec-
tively. In FIG. 38, the one-dot chain on the waveform of the
voltage applied to the pixel also indicates the effective voltage
for the subpixel electrode.

[0340] Theinfluence ofthe CS bus line CS-A prevails in the
liquid crystal capacitor CLC-C of the third subpixel SP-C,
while the influence of the CS bus line CS-B prevails in the
liquid crystal capacitor CLC-D of the fourth subpixel SP-D.
As also can be seen from FIG. 38, the effective voltages
decrease in the order of the first, third, fourth and second
subpixels SP-A, SP-C, SP-D and SP-B. As a result, the first,
second, third and fourth subpixels SP-A, SP-B, SP-C and
SP-D become bright, dark, moderately bright, and moder-
ately dark subpixels, respectively. Also, in this case, a typical
dot inversion drive is carried out and the polarity of each
signal voltage and the polarities of pixels that are adjacent to
each other in the row and column directions invert every
vertical scanning period. However, their luminance ranking
remains the same. It should be noted that the signals shown in
FIG. 38 could also be supplied to the liquid crystal display
device 600B shown in FIG. 35.

[0341] FIG. 39 schematically illustrates a plan view of the
TFT substrate of a liquid crystal display device 600C1 as
another preferred embodiment of the present invention. In
this liquid crystal display device 600C1, each pixel includes
first, second, third and fourth subpixels SP-A, SP-B, SP-C
and SP-D. The first and second subpixels SP-A and SP-B are
arranged in the column direction (i.e., y direction), and the
third and fourth subpixels SP-C and SP-D are arranged so as
to interpose the first and second subpixels SP-A and SP-B
between them in the row direction (i.e., X direction).

[0342] The first, second, third and fourth subpixels SP-A,
SP-B, SP-C and SP-D are defined by subpixel electrodes
111a,1115, 111¢ and 1114, respectively, of which the lengths
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are substantially equal to each other as measured in the row
direction (i.e., x direction). When measured in the column
direction (i.e., y direction), on the other hand, the subpixel
electrodes 111a and 1115 are approximately a half as long as
the subpixel electrodes 111¢ and 1114. Consequently, the
first, second, third and fourth subpixels SP-A, SP-B, SP-C
and SP-D have an area ratio of one to one to two to two.
[0343] The first and second subpixels SP-A and SP-B
include TFT-A and TFT-B, respectively. The third subpixel
SP-C includes TFT-C1 and TFT-C2. And the fourth subpixel
SP-D includes TFT-D1 and TFT-D2. The G bus line is con-
nected to the respective gate electrodes of TFT-A, TFT-B,
TFT-C1, TFT-C2, TFT-D1 and TFT-D2. Thus, the third and
fourth subpixels SP-C and SP-D have redundant structures.
Also, the first source line S1 of the S bus line is connected to
the respective source electrodes of TFT-A, TFT-B, TFT-C1,
and TFT-C2 of the first, second and third subpixels SP-A,
SP-B and SP-C. On the other hand, the second source line S2
is connected to the respective source electrodes of TFT-D1
and TFT-D2 of the fourth subpixel SP-D.

[0344] Also, the CS bus line CS-A is connected to the
storage capacitors CCS-A, CCS-C1 and CCS-D1 of the first,
third and fourth subpixels SP-A, SP-C and SP-D, while the
CS bus line CS-B is connected to the storage capacitors
CCS-B, CCS-C2 and CCS-D2 ofthe second, third and fourth
subpixels SP-B, SP-C and SP-D.

[0345] Look at the third subpixel SP-C, and it can be seen
that the subpixel electrode 111c¢ of the third subpixel SP-C is
partially notched in a region where the subpixel electrode
111¢ overlaps with the CS bus line CS-B. The area of overlap
between the subpixel electrode 111¢ and the CS bus line
CS-B is smaller than the area of overlap between the subpixel
electrode 111c¢ and the CS bus line CS-A. Therefore, the
storage capacitor CCS-C1 of the third subpixel SP-C has a
greater electrostatic capacitance value than the storage
capacitor CCS-C2. Meanwhile, look at the fourth subpixel
SP-D, and it can be seen that the subpixel electrode 1114 of
the fourth subpixel SP-D is partially notched in a region
where the subpixel electrode 1114 overlaps with the CS bus
line CS-A. The area of overlap between the subpixel electrode
1114 and the CS bus line CS-A is smaller than the area of
overlap between the subpixel electrode 1114 and the CS bus
line CS-B. Therefore, the storage capacitor CCS-D1 of the
fourth subpixel SP-D has a smaller electrostatic capacitance
value than the storage capacitor CCS-D2. As a result, the
influence of the CS bus line CS-A prevails in the liquid crystal
capacitor CLC-C of the third subpixel SP-C, while the influ-
ence of the CS bus line CS-B prevails in the liquid crystal
capacitor CLC-D of'the fourth subpixel SP-D. Consequently,
if the first and second subpixels are a bright subpixel and a
dark subpixel, respectively, the third subpixel becomes a
moderately bright subpixel and the fourth subpixel becomes a
moderately dark subpixel. In that case, the bright, moderately
bright, moderately dark and dark subpixels have an area ratio
of one to two to two to one.

[0346] Ifthis liquid crystal display device 600C1 performs
adot inversion drive, one of the two third subpixels belonging
to two pixels that are adjacent to each other in the column
direction becomes a moderately bright subpixel and the other
third subpixel becomes a moderately dark subpixel. Like-
wise, a subpixel adjacent to a bright subpixel in the column
direction becomes a dark subpixel.

[0347] Inthis liquid crystal display device 600C1, the sub-
pixel electrodes 111¢ and 1114 of the third and fourth sub-
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pixels SP-C and SP-D overlap with the G bus line, and there-
fore, athick insulating film is provided between the G bus line
and the subpixel electrodes 111¢ and 1114 to prevent them
from being short-circuited with each other. That insulating
film is a stack of a gate insulating film and an interlayer
insulating film. By providing such a thick insulating film,
increase in parasitic capacitance Cgd can be suppressed.
[0348] FIG. 40 schematically illustrates a plan view of the
TFT substrate of a liquid crystal display device 600C2 as
another preferred embodiment of the present invention.
[0349] In this liquid crystal display device 600C2, the first
and second subpixels SP-A and SP-B include TFT-A1, TFT-
A2 and TFT-B1, TFT-B2, respectively, while the third and
fourth subpixels SP-C and SP-D include TFT-C1, TFT-C2
and TFT-D1, TFT-D2, respectively. Thus, the first, second,
third and fourth subpixels SP-A, SP-B, SP-C and SP-D have
redundant structures. The respective source electrodes of
TFT-A1, TFT-B1, TFT-C1 and TFT-C2 run in the row direc-
tion (i.e., in the x direction) from the first source line S1. On
the other hand, the respective source electrodes of TFT-A2,
TFT-B2, TFT-D1 and TFT-D2 run in the row direction (i.e., in
the x direction) from the second source line S2.

[0350] Also, inthis liquid crystal display device 600C2, the
subpixel electrode 111¢ of the third subpixel SP-C includes
electrodes 111¢1 and 111¢2 and a coupling portion 111¢c that
couples these electrodes 111c1 and 111¢2 together. Likewise,
the subpixel electrode 111d of the fourth subpixel SP-D
includes electrodes 11141 and 11142 and a coupling portion
111dc that couples these electrodes 11141 and 11142
together. These coupling portions 111¢c and 111dc are rela-
tively short in the row direction (i.e., x direction) and the
subpixel electrodes 111¢, 1114 and the G bus line overlap
with each other in a smaller area, thereby suppressing the
increase in parasitic capacitances Cgd.

[0351] FIG. 41 schematically illustrates a plan view of the
TFT substrate of a liquid crystal display device 600C3 as
another preferred embodiment of the present invention.
[0352] In this liquid crystal display device 600C3, the sub-
pixel electrode 111¢ of the third subpixel SP-C includes elec-
trodes 111¢1 and 111¢2, while the subpixel electrode 111d of
the fourth subpixel SP-D includes electrodes 11141 and
11142. Also, the third and fourth subpixels SP-C and SP-D
include TFT-C and TFT-D, respectively. The drain electrode
of TFT-C is arranged parallel to the first source line S1, while
that of TFT-D is arranged parallel to the second source line
S2. Also, the drain electrode of TFT-C connects together the
electrodes 111¢1 and 111¢2 of the subpixel electrode 111c,
while that of TFT-D connects together the electrodes 11141
and 11142 of the subpixel electrode 111d. The respective
drain electrodes of TFT-C and TFT-D overlap with the G bus
line, but are relatively short in the row direction (i.e., x direc-
tion), thus suppressing the increase in parasitic capacitances
Cgd.

[0353] FIG. 42 schematically illustrates a plan view of the
TFT substrate of a liquid crystal display device 600C4 as
another preferred embodiment of the present invention.
[0354] In this liquid crystal display device 600C4, the first
and second subpixels SP-A and SP-B include TFT-A1, TFT-
A2 and TFT-B1, TFT-B2, respectively, while the third and
fourth subpixels SP-C and SP-D include TFT-C and TFT-D,
respectively.

[0355] The subpixel electrodes 111¢ and 1114 of the third
and fourth subpixels SP-C and SP-D include coupling por-
tions 111 cc and 111dc that overlap with the G bus line.
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However, the area of the drain electrode of TFT-C, TFT-D is
smaller than the total area of the respective drain electrodes of
TFT-A1 and TFT-A2 of the first subpixel SP-A or the total
area of the respective drain electrodes of TFT-B1 and TFT-B2
of the first subpixel SP-B. Thus, the parasitic capacitances
Cgd between the respective drain electrodes of TFTs of the
third and fourth subpixels SP-C and SP-D and the G bus line
can be reduced. As a result, the first, second, third and fourth
subpixels SP-A, SP-B, SP-C and SP-D can have a substan-
tially even Cgd ratio, and the difference in the feedthrough
voltage of the drain voltage can be reduced to about S50 mV or
less, for example. Consequently, the occurrence of a flicker
can be minimized.

[0356] Hereinafter, the viewing angle dependences of the y
characteristics of liquid crystal display devices with the three
and four division structures will be described.

[0357] FIG. 43 shows the y curve L4 of a four division
structure at a viewing angle of 60 degrees from the right-hand
sidein additionto the curves L0, L1, L2 and L3 shown in FIG.
3. As described above, the y curve L3 of the three division
structure is closer to an ideal one than the y curve .2 of the two
division structure is. The y curve L4 of the four division
structure is even closer to the ideal one than the y curve L3 of
the three division structure is, thus realizing a superior view-
ing angle characteristic.

[0358] FIG. 44 illustrates graphs showing the viewing
angle characteristics of liquid crystal display devices with the
3VT structure. In these liquid crystal display devices, a mod-
erate subpixel is split into two subpixels as shown in FIG.
16(a). The difference between the effective voltages applied
to the respective liquid crystal capacitors of those subpixels
varies according to the grayscale. Specifically, the effective
voltage applied to the liquid crystal capacitor of the bright
subpixel is greater than the one applied to the liquid crystal
capacitor of the moderate subpixel by at most 0.6 V. On the
other hand, the effective voltage applied to the liquid crystal
capacitor of the dark subpixel is smaller than the one applied
to the liquid crystal capacitor of the moderate subpixel by at
most 0.6 V.

[0359] Specifically, FIGS. 44(a) and 44(b) illustrate graphs
showing the viewing angle dependences of the y characteris-
tics of liquid crystal display devices with the 3V T structure. In
these liquid crystal display devices, the respective subpixel
electrodes of the bright, moderate, dark and moderate sub-
pixels have an area ratio of one to one to one to one, and the
bright, moderate and dark subpixels have an area ratio of one
to two to one.

[0360] If the red (R), green (G) and blue (B) pixels of a
liquid crystal display device have substantially equal gaps,
then the liquid crystal display device will have the viewing
angle dependence of the y characteristic such as the one
shown in FIG. 44(a). In that case, the red (R), green (G) and
blue (B) pixels have a gap of 3.4 um. On the other hand, if the
blue pixel (B) of a liquid crystal display device has a smaller
gap than the red (R) or green (G) pixel thereof, then the liquid
crystal display device will have the viewing angle depen-
dence of the y characteristic as shown in FIG. 44(b). In that
case, the red (R) and green (G) pixels will have a gap of3.4 um
and the blue (B) pixel will have a gap of 3.0 um. Comparing
FIGS. 44(a) and 44(b) to each other, it can be seen that if the
blue pixel has a gap that is equal to that of the red and green
pixels, the viewing angle dependence of the y characteristic
for blue is still different from the ideal viewing angle depen-
dence of the y characteristic even at high grayscales. If the gap
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of the blue pixel is smaller than that of the red and green
pixels, however, such a difference can be reduced.

[0361] FIGS. 44(c) and 44(d) illustrate graphs showing the
viewing angle dependences of the y characteristics of liquid
crystal display devices with the 3VT structure. In these liquid
crystal display devices, the respective subpixel electrodes of
the bright, moderate, dark and moderate subpixels have an
area ratio of 1 to 0.5 to 1 to 0.5, and the bright, moderate and
dark subpixels have an area ratio of one to one to one.
[0362] If the red (R), green (G) and blue (B) pixels of a
liquid crystal display device have substantially equal gaps,
then the liquid crystal display device will have the viewing
angle dependence of the y characteristic such as the one
shown in FIG. 44(¢). In that case, the red (R), green (G) and
blue (B) pixels have a gap of 3.4 um. On the other hand, if the
blue pixel (B) of a liquid crystal display device has a smaller
gap than the red (R) or green (G) pixel thereof, then the liquid
crystal display device will have the viewing angle depen-
dence of the y characteristic as shown in FIG. 44(d). In that
case, thered (R) and green (G) pixels will have a gap of 3.4 um
and the blue (B) pixel will have a gap of 3.0 um.

[0363] Comparing FIGS. 44(c) and 44(d) to each other, it
can be seen that if the blue pixel has a gap that is equal to that
of the red and green pixels, the viewing angle dependence of
the y characteristic for blue is quite different from the ideal
one at high grayscales. If the gap of the blue pixel is smaller
than that of the red and green pixels, however, such a differ-
ence can be reduced. Furthermore, comparing FIGS. 44(a)
through 44(d) to each other, it can also be seen that if the
bright, moderate, and dark subpixels have a substantially even
area ratio, the viewing angle dependence of the characteristic
comes even closer to the ideal one.

[0364] Next, the viewing angle characteristics of liquid
crystal display devices with the 4VT structure will be
described with reference to FIG. 45. In these liquid crystal
display devices, the bright, moderately bright, moderately
dark and dark subpixels have an area ratio of one to one to one
to one. The difference between the effective voltages applied
to the respective liquid crystal capacitors of those subpixels
varies according to the grayscale. Specifically, the effective
voltage applied to the liquid crystal capacitor of the moder-
ately bright subpixel is greater than the one applied to the
liquid crystal capacitor of the moderately dark subpixel by at
most 0.6 V. The effective voltage applied to the liquid crystal
capacitor of the bright subpixel is greater than the one applied
to the liquid crystal capacitor of the moderately bright sub-
pixel by at most 0.4 V. And the effective voltage applied to the
liquid crystal capacitor of the dark subpixel is smaller than the
one applied to the liquid crystal capacitor of the moderately
dark subpixel by at most 0.4 V.

[0365] If the red (R), green (G) and blue (B) pixels of a
liquid crystal display device have substantially equal gaps,
then the liquid crystal display device will have the viewing
angle dependence of the y characteristic such as the one
shown in FIG. 45(a). In that case, the red (R), green (G) and
blue (B) pixels have a gap of 3.4 um. On the other hand, if the
blue pixel (B) of a liquid crystal display device has a smaller
gap than the red (R) or green (G) pixel thereof, then the liquid
crystal display device will have the viewing angle depen-
dence of the y characteristic as shown in FIG. 45(5). In that
case, thered (R) and green (G) pixels will have a gap of3.4 um
and the blue (B) pixel will have a gap of 3.0 um.

[0366] Comparing FIGS. 45(a) and 45(b) to each other, it
can be seen that if the blue pixel has a gap that is equal to that
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of the red and green pixels, the viewing angle dependence of
the y characteristic for blue is quite different from the ideal
one at high grayscales. If the gap of the blue pixel is smaller
than that of the red and green pixels, however, such a differ-
ence can be reduced. Furthermore, comparing FIGS. 44 and
45 to each other, it can also be seen that the viewing angle
dependence of the y characteristic in the liquid crystal display
device with the 4VT structure comes even closer to the ideal
one than in the liquid crystal display device with the 3VT
structure.

[0367] The liquid crystal display device of the present
invention has such a wide viewing angle characteristic and
achieves such high display quality as to be used effectively as
adisplay device for a TV receiver with abig screen size. ATV
receiver according to the present invention includes a known
device such as a tuner for receiving TV broadcasts and the
liquid crystal display device described above.

[0368] Next, an exemplary application of the liquid crystal
display device of the present invention to a TV receiver will be
described. FIG. 46 is a block diagram illustrating a configu-
ration for a display device 800 for such a TV receiver. The
display device 800 includes a Y/C separator 80, a video
chroma circuit 81, an A/D converter 82, an LCD controller 83,
an LCD panel 84, a backlight driver 85, a backlight 86, a
microcomputer 87 and a grayscale circuit 88. The LCD panel
84 includes a display section, which is implemented as an
active-matrix-addressed array of pixels, and a source driver
and a gate driver for driving the display section.

[0369] Inthe display device 800 with such a configuration,
first of all, a composite color video signal Scv is input exter-
nally as a television signal to the Y/C separator 80, where the
video signal is separated into a luminance signal and a
chrominance signal. These luminance and chrominance sig-
nals are then converted by the video chroma circuit 81 into an
analog RGB signal representing the three primary colors of
light, which is then converted by the A/D converter 82 into a
digital RGB signal to be input to the LCD controller 83 after
that. Meanwhile, the Y/C separator 80 also extracts horizontal
and vertical sync signals from the composite color video
signal Scv that has been input externally and then passes them
to the LCD controller 83, too, by way of the microcomputer
87.

[0370] The LCD controller 83 generates and outputs a
driver data signal based on the digital RGB signal that has
been supplied from the A/D converter 82 (and that corre-
sponds to the digital video signal Dv in the preferred embodi-
ments described above). In addition, the LCD controller 83
also generates a timing control signal for operating a source
driver and a gate driver in the LCD panel 84 just as described
for the preferred embodiments of the present invention based
on the sync signals and then gives those timing control signals
to the source driver and the gate driver. Meanwhile, the gray-
scale circuit 88 generates grayscale voltages for the three
primary colors R, G and B for color display and also supplies
those grayscale voltages to the LCD panel 84.

[0371] Based on the driver data signal, timing control sig-
nal and grayscale voltages, the internal source and gate driv-
ers of the LCD panel 84 generate drive signals (such as a data
signal and a scan signal). And based on those drive signals, a
color image is presented on the display section in the LCD
panel 84. To present an image on this LCD panel 84, the LCD
panel 84 needs to be irradiated with light from behind it. In
this display device 800, the backlight driver 85 drives the
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backlight 86 under the control of the microcomputer 87,
thereby irradiating the LCD panel 84 with light coming from
behind it.

[0372] The control of the overall system, including the
processing described above, is carried out by the microcom-
puter 87. As the externally input video signal (i.e., the com-
posite color video signal), not only a video signal represent-
ing a TV broadcast but also a video signal captured with a
camera and a video signal that has been transmitted over the
Internet can be used as well. And an image based on any of
those various video signals can be presented on this display
device 800.

[0373] When an image representing a TV broadcast is pre-
sented on the display device 800 with such a configuration, a
tuner section 90 is connected to the display device 800 as
shown in FIG. 46(5). That tuner section 90 extracts a signal
representing a channel to receive from the broadcasting wave
(i.e., RF signal) that has been received at an antenna (not
shown), converts the signal into an intermediate frequency
signal, and detects that intermediate frequency signal,
thereby extracting a composite color video signal Scvasa TV
signal. That composite color video signal Scv is input to the
display device 800 as described above, where an image rep-
resented by the composite color video signal Scv is presented.
[0374] The entire disclosures of Japanese Patent Applica-
tions Nos. 2007-66724 and 2007-280865, on which the
present application claims priority, are hereby incorporated
by reference.

INDUSTRIAL APPLICABILITY

[0375] The present invention is applicable particularly
effectively toan LCD TV set with a big screen size and a wide
viewing angle characteristic.

1-3. (canceled)

4. A liquid crystal display device comprising: a plurality of
pixels that are arranged in rows and columns so as to form a
matrix pattern; and TFTs, source bus lines, gate bus lines and
CS bus lines, which are associated with the respective pixels,

wherein each said pixel includes at least three subpixels

with liquid crystal capacitors that are able to retain
mutually different voltages,

wherein by supplying a signal that makes two ofthe at least
three subpixels display mutually different luminances at
least at a certain grayscale tone from the source, gate and
CS bus lines to each said pixel, the at least three subpix-
els are able to display mutually different luminances,

27
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wherein each said pixel is associated with at least three
TFTs for the at least three subpixels, one source bus line,
at least one gate bus line and at least two CS bus lines,

wherein each of the TFTs associated with the at least three
subpixels includes a gate electrode, a source electrode
and a drain electrode,
wherein if the at least three subpixels are comprised of first,
second and third subpixels and the at least two CS bus
lines are comprised of first and second CS bus lines,

the first subpixel has a storage capacitor that is connected to
the first CS bus line,

the second subpixel has a storage capacitor that is con-

nected to the second CS bus line, and

the third subpixel has a storage capacitor that is connected

to the first CS bus line and a storage capacitor that is
connected to the second CS bus line.

5. The liquid crystal display device of claim 4, wherein the
gate bus line includes first and second gate lines, and

wherein the first CS bus line includes first and second CS

lines, and

wherein the second CS bus line includes third and fourth

CS lines.

6. The liquid crystal display device of claim 5, wherein the
first and second gate lines, the first and second CS lines and
the third and fourth CS lines are all branched within the liquid
crystal display device.

7. The liquid crystal display device of claim 5, wherein the
first, second and third subpixels are arranged in a column
direction, and

wherein the third subpixel is arranged between the first and

second subpixels.

8. The liquid crystal display device of claim 5, wherein the
third subpixel includes a TFT, of which the gate electrode is
connected to the first gate line, and another TFT, of which the
gate electrode is connected to the second gate line.

9. The liquid crystal display device of claim 5, wherein the
gate bus line further includes an interconnect that connects
the first and second gate lines together, and

wherein the CS bus line further includes an interconnect

that connects the first and second CS lines together and/
or an interconnect that connects the third and fourth CS
lines together, and

wherein the interconnect of the gate bus line is made of the

same material as the first and second gate lines of the
gate bus line, and

wherein the interconnects of the CS bus line are made of

the same material as the source bus line.

10-63. (canceled)
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