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(57) ABSTRACT

The invention relates to a liquid crystal display device, and
an object is to provide a liquid crystal display device capable
of providing high display quality. A liquid crystal display
device has first and second TFTs disposed in the vicinity of
the crossing point of an nth gate bus line and a drain bus line,
a first pixel electrode electrically connected to the first TFT,
a second pixel electrode electrically connected to the second
TFT and separated from the first pixel electrode, a third TFT
whose source electrode is electrically connected to the
second pixel electrode, and a buffer capacitance portion. The
buffer capacitance portion is provided with a square first
buffer capacitance electrode electrically connected to the
drain electrode of the third TFT and a square second buffer
capacitance electrode opposed to the first buffer capacitance
electrode via an insulating film and electrically connected to
a storage capacitance bus line.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display device. In particular, the invention relates to a liquid
crystal display in which each pixel is divided into plural
subpixels.

[0003] 2. Description of the Related Art

[0004] Liquid crystal display devices are widely employed
in electronic apparatus such as TV receivers, notebook PCs
(personal computers), desktop computers, PDAs (portable
terminals), and cell phones because of their advantages that
they are thinner and lighter than CRTs (cathode-ray tubes)
and can be driven at a low voltage and hence is low in power
consumption. In particular, active matrix liquid crystal dis-
play devices in which TFTs (thin-film transistors) as switch-
ing elements are provided for the respective pixels (or
subpixels) have come to be used widely in such fields as
desktop PCs and TV receivers in which CRTs have been
used conventionally, because they have a high driving
capability and hence exhibit superior display characteristics
that are equivalent to the display characteristics of CRTS.

[0005] 1Inthe above uses, liquid crystal display devices are
required to exhibit a superior viewing angle characteristic
that the display screen is viewable from all directions. MVA
(multi-domain vertical alignment) liquid crystal display
devices are known as ones capable of providing a wide
viewing angle. MVA liquid crystal display devices can
realize a superior viewing angle characteristic because each
pixel area has plural domains having different liquid crystal
molecule alignment directions.

[0006] In vertical alignment type liquid crystal display
devices such as MVA liquid crystal display devices in which
liquid crystal molecules are aligned perpendicularly to the
substrates, optical switching is performed by mainly utiliz-
ing the birefringence of the liquid crystal. In general, in
vertical alignment type liquid crystal display devices, since
light traveling in the normal direction of the display screen
and light traveling in a direction oblique to the normal
direction are different from each other in the birefringence-
induced phase difference, the gradation-luminance charac-
teristic (Y characteristic) deviates from a setting curve in the
entire gradation range when the screen is viewed obliquely
though the deviation depends on various factors. As a result,
the relationship between the transmittance and the voltage
applied to the liquid crystal (T-V characteristic) when the
display screen is viewed from its normal direction is differ-
ent from that when the display screen is viewed from a
direction oblique to the normal direction. This causes a
phenomenon that the screen looks whitish when viewed
obliquely because of distortion in the T-V characteristic,
even if the T-V characteristic is optimized for the normal
direction. This phenomenon is called “wash-out.”

[0007] Liquid crystal display devices having what is called
a halftone-structure in which each pixel is divided into a
subpixel A and a subpixel B and different voltages are
applied to the liquid crystal in the subpixel A and that in the
subpixel B have been proposed as one means for suppress-
ing the wash-out phenomenon. Halftone-structure liquid
crystal display devices can suppress the wash-out phenom-

1. Field of the Invention
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enon because different Y characteristics introduced in each
pixel can decrease the deviation of the birefringence-in-
duced phase difference when the screen is viewed obliquely
from that when the screen in viewed squarely.

[0008] FIG. 5 shows a pixel configuration of a halftone-
structure liquid crystal display device. As shown in FIG. 5,
a TFT substrate has plural gate bus lines 12 formed on a
glass substrate 10 and plural drain bus lines 14 which are
formed so as to cross the gate bus lines 12 with an insulating
film such as an SiN film interposed in between. The plural
gate bus lines 12 are scanned sequentially. FIG. 5 shows an
nth gate bus line 12» which is scanned nthly and an (n+1)th
gate bus line 12(n+1) which is scanned (n+1)thly.

[0009] A first TFT (thin-film transistor) 21 and a second
TFT 22 are disposed adjacent to each other in the vicinity of
the crossing position of the gate bus line 12z and a drain bus
line 14 (the first TFTs 21 and the second TFTs 22 are
provided for the respective pixels). Portions of the gate bus
line 127 serve as gate electrodes of the first TFT 21 and the
second TFT 22. An operation semiconductor layer 21¢ of the
first TFT 21 and an operation semiconductor layer 22¢ of the
second TFT 22 are formed over the gate line 12% with the
insulating film interposed in between. Channel protection
films (not shown) are formed on the operation semiconduc-
tor layers 21c¢ and 22c¢, respectively. A combination of a
drain electrode 21a and an underlying n-type impurity
semiconductor layer (not shown) and a combination of a
source electrode 215 and an underlying n-type impurity
semiconductor layer (not shown) are formed on the channel
protection film of the TFT 21 so as to be opposed to each
other with a prescribed gap. A combination of a drain
electrode 224 and an underlying n-type impurity semicon-
ductor layer (not shown) and a combination of a source
electrode 225 and an underlying n-type impurity semicon-
ductor layer (not shown) are formed on the channel protec-
tion film of the TFT 22 so as to be opposed to each other with
a prescribed gap. The drain electrode 21a of the TFT 21 and
the drain electrode 22a of the TFT 22 are electrically
connected to the drain bus line 14. The TFTs 21 and 22 are
provided in parallel. A dielectric protective film (not shown)
such as an SiN film is formed above the TFTs 21 and 22 so
as to cover the entire substrate.

[0010] A storage capacitance bus line 18 is formed so as
to extend parallel with the gate bus line 12# across the pixel
area that is defined by the gate bus lines 121 and 12(n+1) and
the drain bus lines 14. A storage capacitance electrode 19 is
formed over the storage capacitance bus line 18z with the
insulating film interposed in between (the storage capaci-
tance electrodes 19 are provided for the respective pixels).
The storage capacitance electrode 19 is electrically con-
nected to the source electrode 215 of the TFT 21 via a
connection electrode 25. A first storage capacitor is formed
between the storage capacitance bus line 18# and the storage
capacitance electrode 19 which are opposed to each other
via the insulating film.

[0011] The pixel area that is defined by the gate bus lines
121 and 12(n+1) and the drain bus lines 14 is divided into
a subpixel A and a subpixel B. In FIG. 5, the subpixel A,
which has a trapezoidal shape, for example, is disposed at
the center in the top-bottom direction on the left side in the
pixel area. The subpixel B occupies regions of the pixel area
excluding the subpixel A, that is, a top region, a bottom
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region, and a central, right end region. In the pixel area, for
example, the subpixels A and B are disposed so as to be
approximately line-symmetrical with respect to the storage
capacitance bus line 187. A pixel electrode 16 is formed in
the subpixel A, and a pixel electrode 17 which is electrically
isolated from the subpixel 16 is formed in the subpixel B.
Each of the pixel electrodes 16 and 17 is a transparent
conductive film made of ITO or the like. The pixel electrode
16 is electrically connected to the storage capacitance elec-
trode 19 and the source electrode 215 of the TFT 21 through
a contact hole 24 which is formed through the protective
film. The pixel electrode 17 is electrically connected to the
source electrode 225 of the TFT 22 through a contact hole
26 which is formed through the protective film. The pixel
electrode 17 has a portion that coextends with a portion of
the storage capacitance bus line 18z with the protective film
and the insulating film interposed in between. A second
storage capacitor is formed between those portions of the
pixel electrode 17 and the storage capacitance bus line 18»
which are opposed to each other via the protective film and
the insulating film.

[0012] In FIG. 5, a third TFT 23 is disposed below the
pixel area (the third TFTs 23 are provided for the respective
pixel areas). The gate electrode of the TFT 23 is electrically
connected to the next-stage gate bus line 12(n+l1). An
operation semiconductor layer 23¢ is formed over the gate
electrode with the insulating film interposed in between. A
channel protection film (not shown) is formed on the opera-
tion semiconductor layer 23¢. A combination of a drain
electrode 234 and an underlying n-type impurity semicon-
ductor layer (not shown) and a combination of a source
electrode 235 and an underlying n-type impurity semicon-
ductor layer (not shown) are formed on the channel protec-
tion film so as to be opposed to each other with a prescribed

gap.

[0013] The source electrode 235 of the TFT 23 is electri-
cally connected to the pixel electrode 17 through a contact
hole 27. A right-triangle-shaped buffer capacitance electrode
1285 is disposed in the vicinity of the TFT 23. The buffer
capacitance electrode 1284 is electrically connected, via a
connection electrode 35, to a storage capacitance bus line
18(n+1) (not shown in FIG. 5) which is disposed between
the gate bus line 12(n+1) and a gate bus line 12(n+2). Since
all the storage capacitance bus lines 18 are given the same
potential, even if the buffer capacitance electrode 1285 is
connected to the next-stage storage capacitance bus line
18(n+1) the potential of the buffer capacitance electrode
128b is the same as in a case that it is connected to the
storage capacitance bus line 18». A right-triangle-shaped
buffer capacitance electrode 128a is disposed over the buffer
capacitance electrode 1286 with the insulating film inter-
posed in between. The buffer capacitance electrode 128a is
electrically connected to the drain electrode 23a. The buffer
capacitance electrodes 1284 and 1285 which are opposed to
each other and that portion of the insulating film which is
sandwiched between them constitute a buffer capacitance
portion 128, where a buffer capacitor Cb is formed. The
drain electrode 23a of the TFT 23 and the storage capaci-
tance bus line 18(n+1) are connected to each other indirectly
via the buffer capacitor Cb (capacitive coupling).

[0014] As described above, the liquid crystal display
device of FIG. 5 is such that the three TFTs 21, 22, and 23
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are provided for each pixel. This structure of a liquid crystal
display device will be hereinafter referred to as “3-TFT
halftone structure.”

[0015] However, the area of the buffer capacitance elec-
trodes 128a varies from one pixel to another for reasons
relating to a manufacturing process. This results in a prob-
lem that the capacitance of the buffer capacitor Cb varies to
cause display unevenness.

[0016] Related prior art references are JP-A-2-12, U.S.
Pat. No. 4,840,460, Japanese Patent No. 3,076,938, JP-A-
2004-78157, JP-A-2003-255303, and JP-A-2005-3916.

SUMMARY OF THE INVENTION

[0017] An object of the present invention is to provide a
liquid crystal display device capable of providing high
display quality.

[0018] The above object can be attained by a liquid crystal
display device comprising plural gate bus lines formed on a
substrate so as to extend parallel with each other; plural
drain bus lines which cross the gate bus lines with an
insulating film interposed in between; plural storage capaci-
tance bus lines extending parallel with the gate bus lines;
first and second thin-film transistors disposed in the vicinity
of a crossing point of an nth gate bus line and one of the
drain bus lines; a first pixel electrode electrically connected
to the first thin-film transistor: a second pixel electrode
electrically connected to the second thin-film transistor and
separated from the first pixel electrode; a third thin-film
transistor which is disposed in the vicinity of a crossing
point of an (n+1)th gate bus line and another of the drain bus
lines and whose source or drain electrode is electrically
connected to the second pixel electrode; and a buffer capaci-
tance portion comprising a first buffer capacitance electrode
which is electrically connected to the drain or source elec-
trode of the third thin-film transistor and shaped like a
regular polygon having four or more sides, and a second
buffer capacitance electrode which is opposed to the first
buffer capacitance electrode via the insulating film, electri-
cally connected to one of the storage capacitance bus lines,
and shaped like a regular polygon having four or more sides.

[0019] Inthe above liquid crystal display device, a circular
first buffer capacitance electrode may be provided in place
of the first buffer capacitance electrode shaped like a regular
polygon having four or more sides and a circular second
buffer capacitance electrode may be provided in place of the
second buffer capacitance electrode shaped like a regular
polygon having four or more sides.

[0020] As such, the invention can realize a liquid crystal
display device capable of providing high display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 schematically shows the configuration of a
liquid crystal display device according to a first embodiment
of the present invention;

[0022] FIG. 2 shows a one-pixel configuration of the
liquid crystal display device according to the first embodi-
ment of the invention;

[0023] FIG. 3 shows a one-pixel equivalent circuit of the
liquid crystal display device according to the first embodi-
ment of the mvention;
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[0024] FIG. 4 shows a one-pixel configuration of a liquid
crystal display device according to a second embodiment of
the invention; and

[0025] FIG. 5 shows the one-pixel configuration of a
conventional liquid crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0026] A liquid crystal display device according to a first
embodiment of the present invention will be described
below with reference to FIGS. 1-3. FIG. 1 schematically
shows the configuration of the liquid crystal display device
according to this embodiment. As shown in FIG. 1, the
liquid crystal display device is equipped with a TFT sub-
strate 2, a counter substrate 4, and a liquid crystal layer (not
shown) which is sealed between the two substrates 2 and 4.

[0027] A gate bus line drive circuit 80 incorporating a
driver IC for driving plural gate bus lines and a drain bus line
drive circuit 82 incorporating a driver IC for driving plural
drain bus lines are connected to the TFT substrate 2. The
drive circuits 80 and 82 output scanning signals or data
signals to prescribed gate bus lines or drain bus lines
according to prescribed signals which are output from a
control circuit 84. A polarizing plate 87 is disposed on that
surface of the TFT substrate 2 which is opposite to its TFT
element formation surface. A polarizing plate 86 is disposed
on that surface of the counter substrate 4 which is opposite
to its common electrode formation surface. The polarizing
plates 86 and 87 are in the crossed Nicols arrangement. A
backlight unit 88 is disposed on that surface of the polarizing
plate 87 which is opposite to its surface facing the TFT
substrate 2.

[0028] FIG. 2 shows a one-pixel configuration of the
liquid crystal display device according to the embodiment.
FIG. 3 shows a one-pixel equivalent circuit of the liquid
crystal display device. As shown in FIGS. 2 and 3, the TFT
substrate 2 has plural gate bus lines 12 formed on a glass
substrate 10 and plural drain bus lines 14 which are formed
s0 as to cross the gate bus lines 12 with an insulating film
such as an SiN film interposed in between. The plural gate
bus lines 12 are scanned sequentially. FIG. 2 shows an nth
gate bus line 12~ which is scanned nthly and an (n+1)th gate
bus line 12(n+1) which is scanned (n+1) thly.

[0029] A first TFT (thin-film transistor) 21 and a second
TFT 22 are disposed adjacent to each other in the vicinity of
the crossing position of the gate bus line 12z and a drain bus
line 14 (the first TFTs 21 and the second TFTs 22 are
provided for the respective pixels). Portions of the gate bus
line 127 serve as gate electrodes of the first TFT 21 and the
second TFT 22. An operation semiconductor layer 21¢ of the
first TFT 21 and an operation semiconductor layer 22¢ of the
second TFT 22 are formed over the gate line 121 with the
insulating film interposed in between. Channel protection
films (not shown) are formed on the operation semiconduc-
tor layers 21¢ and 22¢, respectively. A combination of a
drain electrode 21a¢ and an underlying n-type impurity
semiconductor layer (not shown) and a combination of a
source electrode 215 and an underlying n-type impurity
semiconductor layer (not shown) are formed on the channel
protection film of the TFT 21 so as to be opposed to each
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other with a prescribed gap. A combination of a drain
electrode 22a and an underlying n-type impurity semicon-
ductor layer (not shown) and a combination of a source
electrode 225 and an underlying n-type impurity semicon-
ductor layer (not shown) are formed on the channel protec-
tion film of the TFT 22 s0 as to be opposed to each other with
a prescribed gap. The drain electrode 21a of the TFT 21 and
the drain electrode 22a of the TFT 22 are electrically
connected to the drain bus line 14. The TFTs 21 and 22 are
provided in parallel. A dielectric protective film (not shown)
such as an SiN film is formed above the TFTs 21 and 22 so
as to cover the entire substrate.

[0030] A storage capacitance bus line 187 is formed so as
to extend parallel with the gate bus line 127 across the pixel
area that is defined by the gate bus lines 121 and 12(n+1) and
the drain bus lines 14. A storage capacitance electrode 19 is
formed over the storage capacitance bus line 18z with the
insulating film interposed in between (the storage capaci-
tance electrodes 19 are provided for the respective pixels).
The storage capacitance electrode 19 is electrically con-
nected to the source electrode 215 of the TFT 21 via a
connection electrode 25. A first storage capacitor Csl is
formed between the storage capacitance bus line 18» and the
storage capacitance electrode 19 which are opposed to each
other via the insulating film.

[0031] The pixel area that is defined by the gate bus lines
121 and 12(n+1) and the drain bus lines 14 is divided into
a subpixel A and a subpixel B. In FIG. 2, the subpixel A,
which has a trapezoidal shape, for example, is disposed at
the center in the top-bottom direction on the left side in the
pixel area. The subpixel B occupies regions of the pixel area
excluding the subpixel A, that is, a top region, a bottom
region, and a central, right end region. In the pixel area, for
example, the subpixels A and B are disposed so as to be
approximately line-symmetrical with respect to the storage
capacitance bus line 187. A pixel electrode 16 is formed in
the subpixel A, and a pixel electrode 17 which is electrically
isolated from the subpixel 16 is formed in the subpixel B.
Each of the pixel electrodes 16 and 17 is a transparent
conductive film made of ITO or the like. The pixel electrode
16 is electrically connected to the storage capacitance elec-
trode 19 and the source electrode 215 of the TFT 21 through
a contact hole 24 which is formed through the protective
film. The pixel electrode 17 is electrically connected to the
source electrode 225 of the TFT 22 through a contact hole
26 which is formed through the protective film. The pixel
electrode 17 has a portion that coextends with a portion of
the storage capacitance bus line 187 with the protective film
and the insulating film interposed in between. A second
storage capacitor Cs2 is formed between those portions of
the pixel electrode 17 and the storage capacitance bus line
187 which are opposed to each other via the protective film
and the insulating film.

[0032] In FIG. 2, a third TFT 23 is disposed below the
pixel area (the third TFTs 23 are provided for the respective
pixel areas). The gate electrode of the TFT 23 is electrically
connected to the next-stage gate bus line 12(n+l1). An
operation semiconductor layer 23¢ is formed over the gate
electrode with the insulating film interposed in between. A
channel protection film (not shown) is formed on the opera-
tion semiconductor layer 23c. A combination of a drain
electrode 234 and an underlying n-type impurity semicon-
ductor layer (not shown) and a combination of a source
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electrode 234 and an underlying n-type impurity semicon-
ductor layer (not shown) are formed on the channel protec-
tion film so as to be opposed to each other with a prescribed
gap.

[0033] The source electrode 235 of the TFT 23 is electri-
cally connected to the pixel electrode 17 through a contact
hole 27. A buffer capacitance electrode 285 is disposed in the
vicinity of the TFT 23. The buffer capacitance electrode 285
is electrically connected, via a connection electrode 35, to a
storage capacitance bus line 18(n+1) (not shown in FIG. 2)
which is disposed between the gate bus line 12(n+1) and a
gate bus line 12(n+2). Since all the storage capacitance bus
lines 18 are given the same potential, even if the buffer
capacitance electrode 285 is connected to the next-stage
storage capacitance bus line 18(n+1) the potential of the
buffer capacitance electrode 285 is the same as in a case that
it is connected to the storage capacitance bus line 187. A
buffer capacitance electrode 28a is disposed over the buffer
capacitance electrode 284 with the insulating film interposed
in between. The buffer capacitance electrode 284 is electri-
cally connected to the drain electrode 23a. The buffer
capacitance electrodes 28a and 285 which are opposed to
each other and that portion of the insulating film which is
sandwiched between them constitute a buffer capacitance
portion 28, where a buffer capacitor Cb is formed. The drain
electrode 234 of the TFT 23 and the storage capacitance bus
line 18(n+1) are connected to each other indirectly via the
buffer capacitor Cb (capacitive coupling).

[0034] The counter substrate 4 has a CF (color filter) resin
layer formed on a glass substrate and a common electrode 41
which is formed on the CF resin layer and 1s kept at the same
potential as the storage capacitance bus lines 18. A liquid
crystal having negative permittivity anisotropy, for example,
is sealed between the TFT substrate 2 and the counter
substrate 4 to form the liquid crystal layer. The pixel
electrode 16 of the subpixel A, the common electrode 41,
and that portion of the liquid crystal layer which is sand-
wiched between them constitute a liquid crystal capacitor
Clel, and the pixel electrode 17 of the subpixel B, the
common electrode 41, and that portion of the liquid crystal
layer which is sandwiched between them constitute a liquid
crystal capacitor Clc2. An alignment film (vertical alignment
film) 1s formed at the boundary between the TFT substrate
2 and the liquid crystal layer, and an alignment film (vertical
alignment film) is also formed at the boundary between the
counter substrate 4 and the liquid crystal layer. As a result,
the liquid crystal molecules of the liquid crystal layer are
aligned approximately perpendicularly to the substrate sur-
faces when no voltages are applied.

[0035] In the liquid crystal display device having the
3-TFT halftone structure according to the embodiment,
when the gate bus line 12# is selected and the TFTs 21 and
22 are turned on, first the same voltage is applied to the
liquid crystal capacitors Clc1 and Cle2 of the subpixels A
and B. Then, when the next-stage gate bus line 12(n+1) is
selected and the third TFT 23 is turned on, part of the charge
stored in the liquid crystal capacitor Clc2 of the subpixel B
moves to the buffer capacitor Cb, whereby the voltage across
the liquid crystal capacitor Cle2 of the subpixel B decreases
and becomes different from the voltage across the liquid
crystal capacitor Clcl of the subpixel A.

[0036] As described above, since each pixel has the sub-
pixels A and B which are different from each other in the
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voltage developing across the liquid crystal layer, the dis-
tortion in the relationship between the transmittance and the
voltage applied to the liquid crystal layer (T-V characteris-
tic) is shared by the subpixels A and B. Therefore, the
wash-out phenomenon (the phenomenon that an image looks
whitish when viewed obliquely) can be suppressed and the
viewing angle characteristic can be improved.

[0037] In the liquid crystal display device having the
3-TFT halftone structure according to the embodiment, the
pixel electrode 17 of the subpixel B is connected to the drain
bus line 14 via the TFT 22. Since the electrical resistance of
the operation semiconductor layer 22¢ of the TFT 22 is
much lower than that of the insulating film, the protective
film, etc. even in an off state, the charge stored in the pixel
electrode 17 is released easily. Therefore, according to this
embodiment, no serious screen burn occurs though the
halftone method is employed which provides a view viewing
angle.

[0038] Since the buffer capacitance electrode 28a has a
square shape, the liquid crystal display device according to
this embodiment is less prone to be influenced by variations
relating to a manufacturing process than the conventional
liquid crystal display device employing the right-triangle-
shaped buffer capacitance electrode 128a (see FIG. 5). As a
result, high display quality without display unevenness can
be obtained.

TABLE 1
Shape of buffer Square Right triangle
capacitance 1-pm 1-pum 1-pum 1-um
electrode narrowing  widening narrowing widening
Design value S 100.00 100.00 100.00 100.00
(um?)
Area of pattern 64.00 144.00 62.05 146.89
produced (pm?)
Difference (um?) -36.00 44.00 -37.95 46.89
Variation (%) -36.00 44.00 -37.95 46.89

[0039] Table 1 shows differences between the ways the
areas of the buffer capacitance electrode 284 having a square
shape and the buffer capacitance electrode 1284 having a
right triangle shape vary when their patterns become nar-
rower or wider. Assume that the design values S of the areas
of the buffer capacitance electrodes 28a and 128a are 100
um?. And consideration will be given to a case that their
patterns become narrower by 1 pm due to over-etching in a
manufacturing process. As shown in Table 1, in the case of
the square buffer capacitance electrode 28a, the area of a
pattern produced becomes (10-2) umx(10-2) um=64 pm?. In
the case of the right-triangle-shaped buffer capacitance
electrode 128aq, the area of a pattern produced becomes
about 62.05 pum. Therefore, the square buffer capacitance
electrode 284 is advantageous over the right-triangle-shaped
buffer capacitance electrode 128a by about 1.95%.

[0040] Conversely, if the pattern of the square buffer
capacitance electrode 28a becomes wider by 1 um, the area
of a pattern produced becomes (10+2) umx(10+2) pum=144
um?. If the pattern of the right-triangle-shaped buffer capaci-
tance electrode 1284 becomes wider by 1 um, the area of a
pattern produced becomes about 146.89 um?. Therefore, the
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square buffer capacitance electrode 28a is advantageous
over the right-triangle-shaped buffer capacitance electrode
1284 by about 2.89%.

[0041] The following is understood from the above
results. In the liquid crystal display device having the 3-TFT
halftone structure which employs the square buffer capaci-
tance electrode 28a, the variation of the area of the buffer
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[0045] Since the buffer capacitance electrode 38a has a
circular shape, the liquid crystal display device according to
this embodiment is less prone to be influenced by variations
relating to a manufacturing process than the conventional
liquid crystal display device employing the right-triangle-
shaped buffer capacitance electrode 1284 (see FIG. 5). As a
result, high display quality without display unevenness can
be obtained.

TABLE 2
Shape of
buffer Circle Square Right triangle
capacitance 1-um 1-pum 1-pum 1-pum 1-um 1-pum
electrode narrowing widening narrowing widening narrowing widening
Design value 100.00 100.00 100.00 100.00 100.00 100.00
S (un?)
Area of 67.60 138.44 64.00 144.00 62.05 146.89
pattern
produced (um?)
Difference -32.40 38.44 -36.00 44.00 -37.95 46.89
()

Variation (%)

-32.40 38.44 -36.00 44.00 -37.95 46.89

capacitance electrode due to factors relating to a manufac-
turing process can be made smaller and the degree of display
unevenness due to variations of the capacitance of the buffer
capacitor Cb among the pixels can be made lower than in the
conventional liquid crystal display device having the right-
triangle-shaped buffer capacitance electrode 1284 (see FIG.
).

Second Embodiment

[0042] A liquid crystal display device according to a
second embodiment of the invention will be described below
with reference to FIG. 4. FIG. 4 shows a one-pixel con-
figuration of the liquid crystal display device according to
this embodiment. In the following description of the liquid
crystal display device according to the embodiment, com-
ponents that provide the same functions or workings as the
corresponding components of the first embodiment will be
given the same reference symbols as the latter and will not
be described in detail.

[0043] 1Inthe liquid crystal display device according to the
embodiment, circular buffer capacitance electrodes 38a and
386 are provided in place of the square circular buffer
capacitance electrodes 28« and 285 of the first embodiment.

[0044] The buffer capacitance electrode 385 is electrically
connected, via the connection electrode 35, to the storage
capacitance bus line 18(n+1) (not shown in FIG. 4) which
is disposed between the gate bus lines 12(n+1) and 12 (n+2).
The buffer capacitance electrode 38a is electrically con-
nected to the drain electrode 23a. The buffer capacitance
electrodes 38a and 385 which are opposed to each other and
that portion of the insulating film sandwiched between them
constitute a buffer capacitance portion 38, where a buffer
capacitor Cb is formed. The drain electrode 23a of the TFT
23 and the storage capacitance bus line 18(n+1) are con-
nected to each other indirectly via the buffer capacitor Cb
(capacitive coupling).

[0046] Table 2 shows differences between the areas of the
buffer capacitance electrode 38a having a circular shape, the
buffer capacitance electrode 28a having a square shape, and
the buffer capacitance electrode 128a having a right triangle
shape. Assume that the design values S of the areas of the
buffer capacitance electrodes 38a, 28a and 128a are 100
um?. And consideration will be given to a case that their
patterns become narrower by 1 pm due to over-etching in a
manufacturing process. As shown in Table 2, the area of a
pattern produced becomes about 67.6 um? in the case of the
circular buffer capacitance electrode 38a and about 62.05
um in the case of the right-triangle-shaped buffer capaci-
tance electrode 128a. Therefore, the circular buffer capaci-
tance electrode 38a is advantageous over the right-triangle-
shaped buffer capacitance electrode 1284 by about 5.55%.

[0047] Conversely, if the patterns of the buffer capacitance
electrodes become wider by 1 um, the area of a pattern
produced becomes about 138.44 um? in the case of the
circular buffer capacitance electrode 384 and about 146.89
um? in the case of the right-triangle-shaped buffer capaci-
tance electrode 128a. Therefore, the circular buffer capaci-
tance electrode 38a is advantageous over the right-triangle-
shaped buffer capacitance electrode 1284 by about 8.45%.

[0048] The following is understood from the above
results. In the liquid crystal display device having the
circular buffer capacitance electrode 38a, the variation of the
area of the buffer capacitance electrode 384 due to factors
relating to a manufacturing process can be made smaller and
the degree of display unevenness due to variations of the
capacitance of the buffer capacitor Cb among the pixels can
be made lower than in the conventional liquid crystal display
device having the right-triangle-shaped buffer capacitance
electrode 1284 (see FIG. 5).

[0049] As described above, in the liquid crystal display
device having the 3-TFT halftone structure, the invention
can suppress the variation of the capacitance of the buffer
capacitor Ch which is a cause of the display unevenness.
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This makes it possible to realize a liquid crystal display
device having a wide viewing angle which is not prone to
screen burning and can provide, in a stable manner, display
characteristics that are free of display unevenness. Although
basically the pixel configurations of the above embodiments
are ones devised bearing in mind that they are applied to a
liquid crystal display device of the VA mode such as the
MVA mode, it is not that the principle of operation and the
advantages of the invention are effective only in VA-mode
liquid crystal display devices, but that they are effective in
liquid crystal display devices of any liquid crystal mode
such as the TN mode, IPS mode, or the OCB mode.

[0050] The invention is not limited to the above embodi-
ments and various modifications are possible.

[0051] For example. although the above embodiments
employ the square buffer capacitance electrodes 28a and 285
or the circular buffer capacitance electrodes 384 and 385, the
invention is not limited to these cases. Buffer capacitance
electrodes that are shaped like a regular polygon having five
or more sides may be used.

[0052] Although the above embodiments are directed to
the liquid crystal display devices in which the buffer capaci-
tance electrode 285 or 385 is electrically connected to the
storage capacitance bus line 18(n+1) which is disposed
between the gate bus lines 12(n+1) and 12 (n+2) through a
connection electrode 35, the invention is not limited to such
a case. The invention can also be applied to a liquid crystal
display device in which the buffer capacitance electrode 285
or 38b is electrically connected to the storage capacitance
bus line 18» which is disposed between the gate bus lines
12n and 12(n+1).

[0053] Although the above embodiments are directed to
the transmission-type liquid crystal display devices, the
invention is not limited to such a case. The invention can
also be applied to liquid crystal display devices of other
types such as the reflection type and the transflective type.

[0054] Although the above embodiments are directed to
the liquid crystal display devices in which the CF resin layer
is formed in the counter substrate 4, the invention is not
limited to such a case. The invention can also be applied to
a liquid crystal display device having what is called a
CF-on-TFT structure in which a CF resin layer is formed in
the TFT substrate 2.

Dec. 28, 2006

What is claimed is:

1. A liquid crystal display device comprising:

plural gate bus lines formed on a substrate so as to extend
parallel with each other;

plural drain bus lines which cross the gate bus lines with
an insulating film interposed in between;

plural storage capacitance bus lines extending parallel
with the gate bus lines;

first and second thin-film transistors disposed in the
vicinity of a crossing point of an nth gate bus line and
one of the drain bus lines;

a first pixel electrode electrically connected to the first
thin-film transistor;

a second pixel electrode electrically connected to the
second thin-film transistor and separated from the first
pixel electrode;

a third thin-film transistor which is disposed in the vicin-
ity of a crossing point of an (n+1)th gate bus line and
another of the drain bus lines and whose source or drain
electrode is electrically connected to the second pixel
electrode; and

a buffer capacitance portion comprising a first buffer
capacitance electrode which is electrically connected to
the drain or source electrode of the third thin-film
transistor and shaped like a regular polygon having four
or more sides, and a second buffer capacitance elec-
trode which is opposed to the first buffer capacitance
electrode via the insulating film, electrically connected
to one of the storage capacitance bus lines, and shaped
like a regular polygon having four or more sides.

2. The liquid crystal display device according to claim 1,
wherein a circular first buffer capacitance electrode is pro-
vided in place of the first buffer capacitance electrode shaped
like a regular polygon having four or more sides, and a
circular second buffer capacitance electrode is provided in
place of the second buffer capacitance electrode shaped like
a regular polygon having four or more sides.
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