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(57) ABSTRACT

The invention relates to a substrate for a liquid crystal
display, a liquid crystal display having the substrate, and a
method of driving the display and provides a substrate for a
liquid crystal display which allow high display characteris-
tics to be achieved, a liquid crystal display having the
substrate, and a method of driving the display. The substrate
includes two TFTs having gate electrodes connected to a
gate bus line and drain electrodes connected to a drain bus
line, a pixel electrode connected to a source electrode, a
pixel electrode connected to another source electrode and
separated from the pixel electrode, another TFT having a
gate electrode connected to another gate bus line and a
source electrode connected to the pixel electrode, and a
buffer capacitor portion having a buffer capacitor electrode
connected to another drain electrode and another buffer
capacitor electrode connected to a storage capacitor bus line.
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SUBSTRATE FOR LIQUID CRYSTAL DISPLAY,
LIQUID CRYSTAL DISPLAY HAVING THE
SUBSTRATE, AND METHOD OF DRIVING THE
DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a substrate for a
liquid crystal display used in a display section of an elec-
tronic apparatus, a liquid crystal display having the sub-
strate, and a method of driving the display.

[0003] 2. Description of the Related Art

1. Field of the Invention

[0004] Recently, liquid crystal displays have been put in
use as monitoring device of television receivers and personal
computers. In such applications, high viewing angle char-
acteristics must be achieved to allow a display screen to be
viewed in all directions. FIG. 20 is a graph showing
transmittance characteristics relative to applied voltages
(T-V characteristics) of a VA (Vertically Aligned) mode
liquid crystal display. The abscissa axis represents voltages
(V) applied to a liquid crystal layer, and the ordinate axis
represents light transmittance. The line A indicates T-V
characteristics in a direction perpendicular to the display
screen (hereinafter referred to as “a square direction™), and
the line B indicates T-V characteristics in a direction at an
azimuth angle of 90° and a polar angle of 60° with respect
to the display screen (hereinafter referred to as “an oblique
direction”). An azimuth angle is an angle measured coun-
terclockwise with reference to the direction toward the right
of the display screen. A polar angle is an angle to a line that
is vertical to the center of the display screen.

[0005] As shown in FIG. 20, there is a distortion in
transition of transmittance (luminance) in the vicinity of the
region enclosed by the circle C. For example, while trans-
mittance in the oblique direction is higher than transmittance
in the square direction for a relatively low gradation at an
applied voltage of about 2.5 V, the transmittance in the
oblique direction is lower than the transmittance in the
square direction for a relatively high gradient at an applied
voltage of about 4.5 V. As a result, a luminance difference
within an effective range of driving voltages becomes small
when viewed in the oblique direction. This phenomenon
appears in a most significant way as a color variation.

[0006] FIGS.21A and 21B show how an image displayed
on a display screen varies in its view. FIG. 21A shows the
image as viewed in the direction square to the screen, and
FIG. 21B shows the image as viewed in an oblique direc-
tion. As shown in FIGS. 21A and 21B, the color of the
image appears more whitish when the display screen is
viewed in the oblique direction than when viewed in the
square direction.

[0007] FIGS. 22A to 22C show gradation histograms of
three primary colors, i.e., red (R), green (G), and blue (B) in
a reddish image. FIG. 22A shows the red gradation histo-
gram. FIG. 22B shows the green gradation histogram. FIG.
22C shows the blue gradation histogram. The abscissa axes
of FIGS. 22A to 22C represent gradations (256 gradations
from 0 to 255), and the ordinate axes represent the rate of
presence (%). As shown in FIGS. 22A to 22C, relatively
high gradations of red and relatively low gradations of green
and blue are present in high rates of presence. When such an
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image is displayed on a display screen of a VA mode liquid
crystal display and is viewed in an oblique direction, the
high gradations of red appear relatively darker, and the low
gradations of green and blue appear relatively lighter. Since
differences in luminance between the three primary colors
thus become smaller, the image appears in a whitish color as
a whole.

[0008] The above-described phenomenon similarly occurs
in a liquid crystal display in the TN (Twisted Nematic) mode
that is a driving mode according to the related art. Patent
Documents 1 to 3 disclose techniques for mitigating the
above-described problem in a TN mode liquid crystal dis-
play. FIG. 23 shows a basic configuration of one pixel of a
liquid crystal display which is based on those known tech-
niques. FIG. 24 shows a sectional configuration of the liquid
crystal display taken along the line X-X in FIG. 23, and
FIG. 25 shows an equivalent circuit of the one pixel of the
liquid crystal display. As shown in FIGS. 23 to 25, the liquid
crystal display has a thin film transistor (TFT) substrate 102,
an opposite substrate 104, and a liquid crystal layer 106
sealed between the substrates 102 and 104.

[0009] The TFT substrate 102 has a plurality of gate bus
lines 112 formed on a glass substrate 110 and a plurality of
drain bus lines 114 formed across the gate bus lines 112 with
an insulation film 130 interposed between them. TFTs 120
are disposed in the vicinity of intersections between the gate
bus lines 112 and the drain bus lines 114, the TFT 120 being
formed as a switching element at each pixel. A part of a gate
bus line 112 serves as a gate electrode of a TFT 120, and a
drain electrode 121 of a TFT 120 is electrically connected to
a drain bus line 114. Storage capacitor bus lines 118 are
formed so as to extend in parallel with the gate bus lines 112
across pixel regions which are defined by the gate bus lines
112 and the drain bus lines 114. A storage capacitor electrode
119 is formed at each pixel above the storage capacitor bus
lines 118 with the insulation film 130 interposed between
them. A storage capacitor bus line 119 is electrically con-
nected to a source electrode 122 of a TFT 120 through a
control electrode 125. A storage capacity Cs is formed
between a storage capacitor bus line 118 and a storage
capacitor electrode 119.

[0010] A pixel region defined by gate bus lines 112 and
drain bus lines 114 is divided into a sub-pixel A and a
sub-pixel B. A pixel electrode 116 is formed at the sub-pixel
A, and a pixel electrode 117 is formed at the sub-pixel B
separately from the pixel electrode 116. The pixel electrode
116 is electrically connected to the storage capacitor elec-
trode 119 and the source electrode 122 of the TFT 120
through a contact hole 124. The pixel electrode 117 is
electrically floating. The pixel electrode 117 has a region
which overlaps the control electrode 125 with a protective
film 132 interposed between them, and the electrode is
indirectly connected to the source electrode 122 as a result
of capacitive coupling through a control capacity Cc formed
in that region.

[0011] An opposite substrate 104 has a color filter (CF)
resin layer 140 formed on a glass substrate 111 and a
common electrode 142 formed on the CF resin layer 140. A
liquid crystal capacity Clcl is formed between the pixel
electrode 116 at the sub-pixel A and the common electrode
142, and a liquid crystal capacity Clc2 is formed between the
pixel electrode 117 at the sub-pixel B and the common
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electrode 142. Alignment films 136 and 137 are formed at
the interface between the TFT substrate 102 and the liquid
crystal 106 and the interface between the opposite substrate
104 and the liquid crystal, respectively.

[0012] Let us now assume that the TFT 120 is turned on
to apply a voltage to the pixel electrode 116 and that a
voltage Vpx1 is applied to the liquid crystal layer at the
sub-pixel A. Then, since the potential is divided according to
the ratio between the liquid crystal capacity Clc2 and the
control capacity Cc, a voltage different from that applied to
the pixel electrode 116 is applied to the pixel electrode 117
at the sub-pixel B. A voltage Vpx2 applied to the liquid
crystal layer at the sub-pixel B is given by:

Vpx2=(Cc/(Clc2+Cc))x Vpx1

An actual voltage ratio Vpx2/Vpx1 (=(Cc/(Clc2+Cc)) is an
item designed based on display characteristics of the liquid
crystal display, and it is idealistically set in the range from
0.6 to 0.8.

[0013] When one pixel includes sub-pixels A and B having
threshold voltages different from each other as thus
described, a distortion of T-V characteristics as shown in
FIG. 20 is distributed between the sub-pixels A and B. It is
therefore possible to suppress the phenomenon of whitish
appearance of an image when viewed in an oblique direction
and to thereby improve viewing angle characteristics. The
technique will be hereinafter referred to as a capacitive
coupling HT (halftone grayscale) method.

[0014] While the above-described technique is disclosed
in Patent Documents 1 to 3 on an assumption that the
technique is used in a TN mode liquid crystal display, the
technique is more advantageous when used in liquid crystal
displays of the VA mode which has recently become the
main stream in place of the TN mode.

[0015] FIGS. 26A to 26D are illustrations for explaining
sticking that occurs in a liquid crystal display according to
the related art employing the capacitive coupling HT
method. FIG. 26A shows a black-and-white checker pattern
displayed on a screen during a sticking test. Referring to the
sticking test, a halftone of the same gradation is displayed
throughout the screen immediately after continuously dis-
playing the checker pattern shown in FIG. 26A for a certain
time (e.g., 48 hours), and it is checked whether the checker
pattern is visually perceived or not. When the checker
pattern is visually perceived, the luminance of the screen is
measured along the checker pattern to calculate a sticking
rate. Let us assume that a represents the luminance of
low-luminance regions of the checker pattern that is visually
perceived and that the luminance of high-luminance regions
is represented by a+b. Then, the sticking rate is defined as
b/a.

[0016] FIG. 26B shows the display of the halftone on a
screen of a liquid crystal display which does not employ the
capacitive coupling HT method. FIG. 26C shows the dis-
play of the halftone on a screen of a liquid crystal display
employing the capacitive coupling HT method. As shown in
FIG. 26B, substantially none of the checker pattern was
visually perceived when the halftone was displayed on the
liquid crystal display which did not employ the capacitive
coupling HT method. Luminance was measured along the
line Y-Y" in FIG. 26B, and there was a luminance distribu-
tion as indicated by the line ¢ in FIG. 26D. The sticking rate
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was only 0 to 5%. On the contrary, the checker pattern was
visually perceived as shown in FIG. 26C on the liquid
crystal display employing the capacitive coupling HT
method. Luminance was measured along the line Y-Y' in
FIG. 26C, and there was a luminance distribution as indi-
cated by the line d in FIG. 26D. The sticking rate was 10%
or more. As thus described, substantially no sticking
occurred on the liquid crystal display which did not employ
the capacitive coupling HT method, whereas the liquid
crystal display employing the capacitive coupling HT
method had a problem in that relatively dense sticking
occurred.

[0017] As a result of evaluation and analysis on a char-
acteristic distribution in a pixel of the liquid crystal display
in which sticking occurred, it was revealed that the sticking
occurred at the sub-pixel B having the pixel electrode 117
which was electrically floating. The pixel electrode 117 is
connected to the control electrode 125 through a silicon
nitride film (SiN film) having a very high electrical resis-
tance and is connected to the common electrode 142 through
the liquid crystal layer which also has a very high electrical
resistance. Therefore, an electrical charge in the pixel elec-
trode 117 is not easily discharged once it is charged. An
electrical potential for each frame is written in the pixel
electrode 116 at the sub-pixel A that is electrically connected
to the source electrode 122 of the TFT 120, and the pixel
electrode 116 is connected to the drain bus line 114 through
an active semiconductor layer of the TFT 120 which is very
much lower in electrical resistance than the SiN film and the
liquid crystal layer. Therefore, the electrical charge charged
in the pixel electrode 117 will never become undischarge-
able.

[0018] FIG.27A is a graph showing changes in a capacity
ratio, a voltage ratio, and a liquid crystal dielectric constant
E of the liquid crystal display according to the related art
employing the capacitive coupling HT method. The abscissa
axis of FIG. 27A represents voltages (V) applied to the
liquid crystal layer at sub-pixel A, and the ordinate axis
represents the capacity ratio, voltage ratio, and dielectric
constant. The line e indicates a capacity ratio Cc/Clc2
between the control capacity Cc and the liquid crystal
capacity Clc2. The line f indicates a voltage ratio Vpx2/
Vpx1 between the voltage Vpx1 applied to the liquid crystal
layer at the sub-pixel A and the voltage Vpx2 applied to the
liquid crystal layer at the sub-pixel B. The line g indicates
the dielectric constant € of a negative liquid crystal that is
used in the VA mode liquid crystal display. FIG. 27B shows
changes in the voltage ratio Vpx2/Vpx1 with the ordinate
axis (voltage ratio) drawn on an enlarged scale.

[0019] As shown in FIGS. 27A and 27B, in the liquid
crystal display according to the related art employing the
capacitive coupling HT method, the voltage ratio Vpx2/
Vpx1 decreases as the applied voltage increases. In a liquid
crystal display according to the related art employing the
capacitive coupling HT method, about 50 to 80% of a pixel
as a whole is occupied by the sub-pixel B which is lower in
luminance than the sub-pixel A because a lower voltage is
applied to the liquid crystal layer thereof. For this reason, a
high transmittance can not be achieved at the sub-pixel B
even when a voltage (5.5 to 7 V) for displaying white is
applied to the pixel electrode 116. As a result, the luminance
of the entire pixel is as low as about 40 to 80% of that of a
liquid crystal display which does not employ the capacitive
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coupling HT method. A distortion of luminance transition
occurs in the region of low gradations and medium grada-
tions as shown in FIG. 20. It is therefore idealistic that a
difference between threshold voltages of sub-pixels A and B
is greater when the voltages are low and is smaller when the
voltages are high. An idealistic liquid crystal display which
is excellent in both of viewing angle characteristics and
luminance can be provided, for example, by applying a
voltage Vpx2 as lows as 1.5 to 2 V to the liquid crystal layer
at the sub-pixels B when the voltage Vpx1 applied to the
liquid crystal layer at the sub-pixel A is 2.5 V (that is, there
is a great voltage difference (Vpx1-Vpx2)) and by applying
a voltage Vpx2 as high as 5 to 5.5 V to the liquid crystal
layer at the sub-pixels B when the voltage Vpx1 applied to
the liquid crystal layer at the sub-pixels A is 5.5 V (that is,
there is a small voltage difference (Vpx1-Vpx2)). However,
in a liquid crystal display having a configuration in which
the control capacity Cc and the liquid crystal capacity Clc2
are connected in series as shown in FIGS. 23 to 25, the
voltage ratio Vpx2/Vpx1 is determined by the capacity ratio
Cc/(Cle2+Cc). When the capacity ratio Cc/(Clc2+Cc) is
constant, the voltage ratio Vpx2/Vpxl1 is constant. Then, on
the contrary to the above-described idealistic case, the
voltage difference (Vpx1-Vpx2) will be greater, the higher
the voltages are.

[0020] The above-described problem is made more sig-
nificant by fluctuations of the liquid crystal capacity Clc2.
As will be apparent from the line g shown in FIG. 27A, the
dielectric constant E of the liquid crystal is greater, the
higher the voltage applied thereto. Since the liquid crystal
capacity Clc2 increases with the dielectric constant E, the
capacity ratio Cc/Clc2 becomes smaller, and the voltage
ratio Vpx2/Vpx1 determined by Cc/(Clc2+Cc) also becomes
small. As shown in FIG. 27B, the voltage ratio Vpx2/Vpx1
is 0.72 at low voltages of about 0 to 2 'V, and the voltage ratio
Vpx2/Vpx1 becomes as small as about 0.62 at a voltage of
5 V for displaying white. That is, the voltage difference
(Vpx1-Vpx2) becomes greater at high voltages. Therefore,
liquid crystal displays according to the related art employing
the capacitive coupling HT method have a problem in that
it is difficult to obtain high luminance.

[0021] The relationship between the liquid crystal capac-
ity and the voltage ratio can result in more serious display
irregularities when there is variation of the cell thickness.
The transmittance of a liquid crystal display panel is deter-
mined by the retardation of the liquid crystal layer and, in
general, the transmittance increases with the cell thickness
and decreases with the cell thickness. In the case of a liquid
crystal display according to the related art employing the
capacitive coupling HT method, the liquid crystal capacity
Clc2 decreases as the cell thickness increases, which results
in an increase in the luminance of the pixel as a whole
because the voltage ratio Vpx2/Vpx1 approaches 1. On the
contrary, the liquid crystal capacity Clc2 increases as the cell
thickness decreases, which results in a reduction in the
luminance of the pixel as a whole because the voltage ratio
Vpx2/Vpx1 approaches 0. That is, the liquid crystal display
according to the related art employing the capacitive cou-
pling HT method has a problem in that display irregularities
are highly visible because fluctuation of the cell thickness
results in a synergetic effect between variation of transmit-
tance attributable to variation of the retardation and variation
of transmittance attributable to variation of the voltage ratio.
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[0022] Patent Document 1: JP-A-2-12

[0023] Patent Document 2: U.S. Pat. No. 4,840,460

[0024] Patent Document 3: Japanese Patent No. 3076938

[0025] Patent Document 4: JP-A-8-146464

[0026] Patent Document 5: JP-A-2001-235766
SUMMARY OF THE INVENTION

[0027] TItisan object of the invention to provide a substrate

for a liquid crystal display which allow preferable display
characteristics to be achieved, a liquid crystal display uti-
lizing the substrate, and a method of driving the display.

[0028] The above-described object is achieved by a sub-
strate for a liquid crystal display, characterized in that it
comprises:

[0029] a plurality of gate bus lines formed in parallel with
each other on a substrate;

[0030] a plurality of drain bus lines formed across the
plurality of gate bus lines with an insulation film interposed
between them;

[0031] a plurality of storage capacitor bus lines formed in
parallel with the gate bus lines;

[0032] first and second transistors each having a gate
electrode electrically connected to an n-th gate bus line and
a drain electrode electrically connected to the drain bus line;

[0033] a first pixel electrode electrically connected to a
source electrode of the first transistor;

[0034] a second pixel electrode electrically connected to a
source electrode of the second, transistor and separated from
the first pixel electrode;

[0035] a pixel region including a first sub-pixel at which
the first pixel electrode is formed and a second sub-pixel at
which the second pixel electrode is formed;

[0036] a third transistor having a gate electrode electri-
cally connected to an (n+1)-th gate bus line and a source
electrode electrically connected to the second pixel elec-
trode; and

[0037] a buffer capacitor portion including a first buffer
electrode electrically connected to a drain electrode of the
third transistor and a second buffer capacitor electrode
which is disposed opposite to the first buffer capacitor
electrode with an insulation film interposed therebetween
and which is electrically connected to the storage capacitor
bus line.

[0038] The invention makes it possible to provide a liquid
crystal display which can achieve high display characteris-
tics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 shows a schematic configuration of a liquid
crystal display according to a first embodiment of the
present embodiment;

[0040] FIG. 2 shows a configuration of a substrate for a
liquid crystal display according to the first embodiment of
the invention;
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[0041] FIG. 3 is a sectional view showing the configura-
tion of the liquid crystal display according to the first
embodiment of the invention;.

[0042] FIG. 4 shows an equivalent circuit of one pixel of
the liquid crystal display according to the first embodiment
of the invention;

[0043] FIG. 5 shows driving waveforms of the liquid
crystal display according to the first embodiment of the
invention;

[0044] FIGS. 6A to 6C show operations of a TFT 23 and
changes in the voltage at the same in the liquid crystal
display according to the first embodiment of the invention;

[0045] FIG. 7 is a graph showing changes in a voltage
ratio relative to a capacity ratio in the liquid crystal display
according to the first embodiment of the invention and a
liquid crystal display according to the related art;

[0046] FIG. 8 is a graph showing changes in the capacity
ratio, the voltage ratio, and a dielectric constant E of the
liquid crystal in the liquid crystal display according to the
first embodiment of the invention;

[0047] FIG. 9 shows a configuration of an MVA type
liquid crystal display according to the first embodiment of
the invention;

[0048] FIG. 10 is a sectional view showing the configu-
ration of the MVA type liquid crystal display according to
the first embodiment of the invention;

[0049] FIG. 11 is a graph showing changes in a voltage at
each of pixel electrodes of sub-pixels A and B of the MVA
type liquid crystal display according to the first embodiment
of the invention;

[0050] FIG. 12 is a graph showing changes in a voltage
Vpx1 and luminance that occur as time passes;

[0051] FIG. 13 is a graph showing changes in the voltage
Vpx1 and luminance that occur as time passes;

[0052] FIG. 14 shows a configuration of a liquid crystal
display according to a second embodiment of the invention;

[0053] FIGS. 15A to 15D show a configuration of a buffer
capacity Cb;

[0054] FIG. 16 shows a configuration of a liquid crystal
display according to a third embodiment of the invention;

[0055] FIG. 17 shows a modification of the configuration
of the liquid crystal display according to the third embodi-
ment of the invention;

[0056] FIG. 18 shows a configuration of a liquid crystal
display according to a fourth embodiment of the invention;

[0057] FIG. 19 shows an equivalent circuit of one pixel of
the liquid crystal display according to the fourth embodi-
ment of the invention;

[0058] FIG. 20 is a graph showing T-V characteristics of
a VA mode liquid-crystal display;

[0059] FIGS. 21A and 21B show how an image displayed
on a display screen varies in its view;

[0060] FIGS. 22A to 22C show gradation histograms of
red (R), green (G), and blue (B) in a reddish image;
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[0061] FIG. 23 shows a basic configuration of a liquid
crystal display based on the known techniques;

[0062] FIG. 24 is a sectional view showing the basic
configuration of the liquid crystal display based on the
known techniques;

[0063] FIG. 25 shows a basic equivalent circuit of the
liquid crystal display based on the known techniques;

[0064] FIGS. 26A to 26D are illustrations for explaining
a sticking phenomenon that occurs when the halftone
method based on capacitive coupling is used;

[0065] FIGS. 27A and 27B are graphs showing changes
in a capacity ratio, a voltage ratio, and a dielectric constant
E of the liquid crystal in a liquid crystal display employing
the halftone method based on capacitive coupling; and

[0066] FIG. 28 shows an equivalent circuit of one pixel of
a liquid crystal display according to a fifth embodiment of
the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0067] A description will now be made with reference to
FIGS. 1 to 13 on a substrate for a liquid crystal display, a
liquid crystal display having the substrate, and a method of
driving the display according to a first embodiment of the
invention. FIG. 1 shows a schematic configuration of the
liquid crystal display of the present embodiment. As shown
in FIG. 1, the liquid crystal display includes a TFT substrate
2 having gate bus lines and drain bus lines formed across
each other with an insulation film interposed between them
and a TFT and a pixel electrode formed at each pixel. The
liquid crystal display also includes an opposite substrate 4
having color filters and a common electrode formed thereon
and a liquid crystal 6 (not shown in FIG. 1) having, for
example, negative dielectric constant anisotropy sealed
between the substrates 2 and 4.

[0068] A gate bus line driving circuit 80 loaded with a
driver IC for driving the plurality of gate bus lines and a
drain bus line driving circuit 82 loaded with a driver IC for
driving the plurality of drain bus lines are connected to the
TFT substrate 2. The driving circuits 80 and 82 output a scan
signal and a data signal to a predetermined gate bus line and
drain bus line based on predetermined signals output by a
control circuit 84. A polarizer 87 is disposed on the surface
of the TFT substrate 2 opposite to the surface on which the
TFT elements are formed, and a polarizer 86 is disposed on
the surface of the opposite substrate 4 opposite to the surface
on which the common electrode is formed, the polarizer 86
being in a crossed Nicols relationship with the polarizer 87.
A backlight unit 88 is disposed on the surface of the
polarizer 87 opposite to the surface thereof facing the TFT
substrate 2.

[0069] FIG. 2 shows a configuration of one pixel of the
TFT substrate 2 as a substrate for a liquid crystal display
according to the present embodiment. FIG. 3 shows a
sectional configuration of the liquid crystal display taken in
a position corresponding to the line C-C in FIG. 2. FIG. 4
shows an equivalent circuit of the one pixel of the liquid
crystal display of the present embodiment. As shown in
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FIGS. 2 to 4, the TFT substrate 2 includes a plurality of gate
bus lines 12 formed on a glass substrate 10 and a plurality
of drain bus lines 14 formed across the gate bus lines 12, an
insulation film 30 constituted by a SiN film being interposed
between the bus lines. The plurality of gate bus lines 12 are
scanned, for example, on a line sequential basis, and FIGS.
2 and 4 show an n-th gate bus line 127 which is the n-th line
scanned and an (n+1)-th gate bus line 12(n+1) which is the
(n+1)-th line scanned. A first TFT 21 and a second TFT 22
are disposed adjacent to each other at each pixel in the
vicinity of an intersection between a gate bus line 12 and a
drain bus line 14. A part of the gate bus line 12 serves as gate
electrodes of the TFTs 21 and 22. Active semiconductor
layers (not shown) of the TFTs 21 and 22 are formed, for
example, integrally with each other, above the gate bus line
12 with an insulation film 30 interposed between them.
Channel protection films 214 and 22d are formed, for
example, integrally with each other, on the active semicon-
ductor layers. Above the channel protection film 214 of the
TFT 21, a drain electrode 21a accompanied by an n-type
impurity semiconductor layer (not shown) underlying the
same and a source electrode 215 accompanied by an n-type
impurity semiconductor layer (not shown) underlying the
same are formed in a face-to-face relationship with a pre-
determined gap left between them. Above the channel pro-
tection film 22d of the TFT 22, a drain electrode 22a
accompanied by an n-type impurity semiconductor layer
(not shown) underlying the same and a source electrode 225
accompanied by an n-type impurity semiconductor layer
(not shown) underlying the same are formed in a face-to-
face relationship with a predetermined gap left between
them. Each of the drain electrode 21a of the TFT 21 and the
drain electrode 22a of the TFT 22 is electrically connected
to the drain bus line 14. The TFTs 21 and 22 are disposed in
parallel with each other.

[0070] Storage capacitor bus lines 18 extending in parallel
with the gate bus lines 12 are formed across pixel regions
defined by the gate bus lines 12 and the drain bus lines 14.
FIGS. 2 and 4 show a storage capacitor bus line 18z which
is disposed between the gate bus line 127 and the gate bus
line 12(n+1). A storage capacitor electrode 19 is formed
above the storage capacitor bus line 18» with the insulation
film 30 interposed between them, a storage capacitor elec-
trode 19 being provided at each pixel. The storage capacitor
electrode 19 is electrically connected to the source electrode
215 of the TFT 21 through a connection electrode 25. A first
storage capacity Csl is formed between the storage capaci-
tor bus line 187 and the storage capacitor electrode 19 facing
each other with the insulation film 30 interposed between
them.

[0071] The pixel regions defined by the gate bus lines 12
and the drain bus lines 14 are divided into a sub-pixel A and
a sub-pixel B. In FIG. 2, the sub-pixel A, which has, for
example, a trapezoidal shape, is disposed on the left side of
a middle part of the pixel region, and the sub-pixel B is
disposed to occupy an upper part, a lower part, and the right
end of the middle part of the pixel region except the region
occupied by the sub-pixel A. For example, the sub-pixels A
and B are disposed in the pixel region in a substantially line
symmetrical relationship about the storage capacitor bus line
18#n. A pixel electrode 16 is formed at the sub-pixel A, and
a pixel electrode 17 is formed at the sub-pixel B separately
from the pixel electrode 16. Both of the pixel electrodes 16
and 17 are constituted by transparent conductive films such
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as ITO. In order to achieve high viewing angle character-
istics, it is desirable that the areal ratio of the sub-pixel B to
the sub-pixel A is in the range from ' to 4, inclusive. The
pixel electrode 16 is electrically connected to the storage
capacitor electrode 19 and the source electrode 215 of the
TFT 21 through a contact hole 24 which is an opening in a
protective film 32. The pixel electrode 17 is electrically
connected to the source electrode 225 of the TFT 22 through
a contact hole 26 which is an opening in the protective film
32. The pixel electrode 17 includes a region which overlaps
the storage capacitor bus line 18» with the protective film 32
and the insulation film 30 interposed. A second storage
capacity Cs2 is formed in that region between the pixel
electrode 17 and the storage capacitor bus line 18 facing
each other with the protective film 32 and the insulation film
30 interposed between them.

[0072] A third TFT 23 is disposed in the lower part of the
pixel region in FIG. 2. A gate electrode 23¢ of the TFT 23
is electrically connected to the gate bus line 12(n+1) next to
that pixel. An active semiconductor layer 23e is formed
above the gate electrode 23¢ with the insulation film 30
interposed between them. A channel protection film 23d is
formed on the active semiconductor layer 23e. Above the
channel protection film 23d, a drain electrode 23a accom-
panied by an n-type impurity semiconductor layer 23/ under-
lying the same and a source electrode 235 accompanied by
an n-type impurity semiconductor layer 23/ underlying the
same are formed in a face-to-face relationship with a pre-
determined gap left between them. The source electrode 235
is electrically connected to the pixel electrode 17 through a
contact hole 27. In the vicinity of the TFT 23, a buffer
capacitor electrode 28 is disposed in electrical connection
with the storage capacitor bus line 187 through a connection
electrode 35. A buffer capacitor electrode 29 is disposed
above the buffer capacitor electrode 28 with the insulation
film 30 interposed between them. The buffer capacitor
electrode 29 is electrically connected to the drain electrode
23a. A buffer capacity Cb is formed between the buffer
capacitor electrodes 28 and 29 facing each other with the
insulation film 30 interposed between them.

[0073] The opposite substrate 4 has a CF resin layer 40
formed on a glass substrate 11 and a common electrode 42
formed on the CF resin layer 40. A liquid crystal capacity
Clel is formed between the pixel electrode 16 of the
sub-pixel A and the common electrode 42 which face each
other with a liquid crystal 6 interposed between them, and a
liquid crystal capacity Clc2 is formed between the pixel
electrode 17 of the sub-pixel B and the common electrode
42. An alignment film (vertical alignment film) 36 is formed
at the interface between the TFT substrate 2 and the liquid
crystal 6, and an alignment film 37 is formed at the interface
between the opposite substrate 4 and the liquid crystal 6.
Thus, the liquid crystal 6 in a state in which no voltage is
applied is aligned substantially perpendicularly to the sur-
faces of the substrates.

[0074] The factor for the occurrence of relatively dense
sticking in a liquid crystal display according to the related art
employing the capacitive coupling HT method is the fact
that a pixel electrode of a sub-pixel B is connected to each
of a control electrode and a common electrode with a very
high electrical resistance which disallows an electrical
charge accumulated in the pixel electrode to be discharged
easily. On the contrary, in the present embodiment, the pixel
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electrode 17 at the sub-pixel B is connected to the drain bus
line 14 through the TFT 22. The electrical resistance of the
active semiconductor layer of the TFT 22 is very much
lower than the electrical resistance of the insulation film 30
and the protective film 32 even in an off-state. Therefore, an
electrical charge accumulated in the pixel electrode 17 can
be easily discharged. In the present embodiment, therefore,
no dense sticking will occur even through the halftone
method is employed.

[0075] Operations of the liquid crystal display of the
present embodiment will now be described. In FIG. 5, (a) to
(C) show driving waveforms of the liquid crystal display of
the present embodiment. In FIG. 5, (a) shows a waveform
of a data voltage applied to the drain bus line 14 connected
to the drain electrodes 21a and 224 of the TFTs 21 and 22
of a certain pixel. In FIG. 5, (b) shows a waveform of a gate
voltage applied to the n-th gate bus line 12x connected to the
gate electrodes of the TFTs 21 and 22 of the pixel. In FIG.
5, (c) shows a waveform of a gate voltage applied to the
(n+1)-th gate bus line 12(n+1) connected to the gate elec-
trode 23c¢ of the TFT 23 of the pixel. Time is plotted in the
horizontal direction in (a) to (¢) of FIG. 5, and voltage levels
are plotted in the vertical direction. FIGS. 6 A and 6C show
operations of the TFT 23 of the pixel and changes in the
voltage at the same. The sum of the liquid crystal capacity
Clc2 of the sub-pixel B and the storage capacity Cs2 will be
referred to as a capacity C1, and the buffer capacity Cb will
be referred to as a capacity C2.

[0076] FIG. 6A represents the state 1 shown in FIG. 5. As
shown in FIG. 6A, in the state 1 in which both of the gate
bus lines 12 and 12(n+1) are unselected, the capacities C1
and C2 are at the same voltage V1 (e.g., 0 v). At this time,
an electrical charge Q1 accumulated in the capacity C1
equals C1xV1, and an electrical charge Qb1 accumulated in
the capacity C2 equals C2xV1. The TFT 23 is in the off-state
because the gate bus line 12(n+1) is unselected.

[0077] FIG. 6B represents the state 2 shown in FIG. 5. As
shown in FIG. 6B, in the state 2 in which the gate bus line
127 is selected, the TFTs 21 and 22 are in an on-state. As a
result, the capacity C1 has a voltage V2 (e.g., V2 s V1). At
this time, an electrical charge Q2 accumulated in the capac-
ity C1 equals C1xV2. Since the TFT 23 is in the off-state, the
voltage V1 at the capacity C2 remains as it is, and the
electrical charge Qb1 is kept accumulated in the capacity
C2. Although not shown, the liquid crystal capacity Clc1 and
the storage capacity Csl at the sub-pixel A also have the
voltage V2 similarly to the capacity C1.

[0078] FIG. 6C represents the state 3 shown in FIG. 5. As
shown in FIG. 6C, in the state 3 in which the gate bus line
127 is unselected and the next gate bus line 12(n+1) is
selected, the TFTs 21 and 22 are in the off-state, and the TFT
23 is in the on-state. When the TFT 23 is in the on-state,
electrical charges are redistributed such that the voltage at
the capacity C1 equals the voltage at the capacity C2. The
sum Q3+Qb2 of the electrical charges accumulated in the
capacities C1 and C2 in the state 3 equals the sum Q2+Qb1
of the electrical charges which have been accumulated in the
capacities C1 and C2 in the state 2 (Q3+Qb2=Q2+Qbl).
When normal driving is employed in which the polarity of
the applied voltage is inverted for each frame, the polarity of
a new electrical charge that flows into the capacity C2 is the
reverse of the polarity of the electrical charge Q2 which has
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been accumulated. Therefore, the total amount of electrical
charge decreases to result in a reduction of the voltage. Thus,
the capacities C1 and C2 have a voltage V3 expressed as
follows.

V3=03/C1=0b2/C2
Let us assume that C2/Cl=c. Then, we obtain:
V3=1/(1+a)x 2+a/(1+a)x V1

[0079] Since such a phenomenon does not occur in the
sub-pixel A, the voltage V2 at the liquid crystal capacity
Clcl of the sub-pixel A remains as it is. As a result, there will
be a difference between the voltage V2 at the liquid crystal
capacity Clcl of the sub-pixel A and the voltage V3 at the
liquid crystal capacity Clc2 of the sub-pixel B. After the
voltages of both of the capacities C1 and C2 become the
voltage V3 in the state 3, the TFT 23 turns off and enters the
same state as the state 1. Thereafter, the states 1, 2, 3, and
1 repeat in the order listed in each frame period.

[0080] The most significant feature of the liquid crystal
display of the present embodiment in comparison to liquid
crystal displays according to the related art employing the
capacitive coupling HT method is the fact that the capacity
for decreasing the voltage at the sub-pixel B below the
voltage at the sub-pixel A is connected in parallel with the
liquid crystal capacity Clc2 instead of being series con-
nected. As a result, fluctuation of the voltage ratio in
response to fluctuation of the liquid crystal capacity Clc2 has
a tendency that is completely the reverse of the tendency in
the related art. FIG. 7 is a graph showing changes in the
voltage ratio relative to the capacity ratio in the liquid crystal
display of the present embodiment and a liquid crystal
display according to the related art. The abscissa axis
represents the capacity ratio Cc/Clc2 between the control
capacity Cc and the liquid crystal capacity Clc2 of the liquid
crystal display according to the related art employing the
capacitive coupling HT method and the capacity ratio
Cb/Clc2 between the buffer capacity Cb and the liquid
crystal capacity Clc2 of the liquid crystal display of the
present embodiment. The ordinate axis represents the volt-
age ratio Vpx2/Vpx1 between the voltage Vpx1 applied to
the liquid crystal layer at the sub-pixel A and the voltage
Vpx2 applied to the liquid crystal layer at the sub-pixel B.
The line h indicates changes in the voltage ratio in the liquid
crystal display according to the related art, and the line i
indicates changes in the voltage ratio in the liquid crystal
display of the present embodiment. As already described, the
liquid crystal capacity Clc2 decreases as the applied voltage
decreases and increases as the applied voltage increases.
Therefore, the right side of the graph showing high capacity
ratios Cc/Clc2 or Cb/Clc2 represents a state in which low
voltages are applied, and the left side of the graph showing
low capacity ratios Cc/Clc2 or Cb/Clc2 represents a state in
which high voltages are applied.

[0081] As shown in FIG. 7, in the liquid crystal display
according to the related art employing the capacitive cou-
pling HT method, the voltage ratio Vpx2/Vpx1 approaches
0 as the voltages applied to the liquid crystal layers increase,
which results in a voltage difference (Vpx1-Vpx2) that is
greater than required. It has been therefore difficult to obtain
a liquid crystal display having high luminance according to
the related art. On the contrary, in the liquid crystal display
of the present embodiment, since the voltage ratio Vpx2/
Vpx1 approaches 1 as the voltages applied to the liquid
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crystal layers increase, the voltage difference (Vpx1-Vpx2)
is relatively small when high voltages are applied.

[0082] FIG. 8 is a graph showing changes in the capacity
ratio, the voltage ratio, and the dielectric constant E of the
liquid crystal in the liquid crystal display of the present
embodiment. The abscissa axis of FIG. 8 represents the
voltage (V) applied to the liquid crystal layer at the sub-pixel
A, and the ordinate axis represents the capacity ratio, the
voltage ratio, and the dielectric constant. The line j indicates
the capacity ratio Cb/Clc2; the line k indicates the voltage
ratio Vpx2/Vpx1; and the line 1 indicates the dielectric
constant e of the liquid crystal that is a negative type. As
indicated by the line k in FIG. 8, the voltage ratio Vpx2/
Vpx1 increases as the applied voltage increases. The voltage
ratio Vpx2/Vpx1 is 0.72 when the applied voltage is about
2 V or less, whereas the voltage ratio Vpx2/Vpx1 is 0.78
when the applied voltage is about 5 V. Therefore, when a
voltage for displaying white is applied to the liquid crystal
layer at the sub-pixel A, a relatively high voltage is applied
to the liquid crystal layer at the sub-pixel B. Since a
relatively high transmittance can therefore be obtained at the
sub-pixel B, the luminance of the pixel as a whole is
significantly improved. Thus, the present embodiment
makes it possible to provide a liquid crystal display having
high luminance.

[0083] FIG.9 shows a configuration of a pixel of an MVA
(Multi-domain Vertical Alignment) type liquid crystal dis-
play employing the present embodiment. FIG. 10 shows a
sectional configuration of the liquid crystal display taken
along the line D-D in FIG. 9. As shown in FIGS. 9 and 10,
linear protrusions 44 extending obliquely to edges of a pixel
region are formed on an opposite substrate 4 using such as
a photosensitive resin. The linear protrusions 44 serve as
alignment regulating structures for regulating the alignment
of a liquid crystal 6. Alternatively, slits may be provided on
a common electrode (opposite electrode) 42 instead of the
linear protrusions 44 as alignment regulating structures. A
linear slit 46 that separates a pixel electrode 16 and a pixel
electrode 17 from each other extends in parallel with the
linear protrusions 44 obliquely to the edges of the pixel
region. The slit 46 also serves as an alignment regulating
structure on the side of a TFT substrate 2.

[0084] Tt is known that a liquid crystal display employing
the capacitive coupling HT method has high viewing angle
characteristics when the voltage ratio Vpx2/Vpx1 is in the
range from about 0.9 to about 0.5. As shown in FIG. 7, the
range of the capacity ratio Cb/Clc2 (the capacity ratio
Cb/(Clc2+Cs2) in a configuration including the storage
capacity Cs2) that allows a voltage ratio Vpx2/Vpx1 within
such a range is substantially from 0.05 to 0.6, inclusive. In
the present example, a capacity ratio Cb/Clc2 of 0.2 has been
chosen to set the voltage ratio Vpx2/Vpx1 at substantially
0.72 as an optimum condition.

[0085] FIG. 11 is a graph showing changes in voltages at
the pixel electrodes 16 and 17 of the pixel shown in FIG. 9
observed when a voltage of 0 V is applied to the pixel
electrode 16 in a 0-th frame to display black; voltages of +5
V are applied to the pixel electrode 16 in first to tenth frames
to display white; and a voltage of 0 V is applied to the pixel
electrode 16 in eleventh to twentieth frames to display black.
The abscissa axis of the graph represents the frame numbers,
and the ordinate axis represents the applied voltages (V).
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The line m indicates the voltage Vpx1 that is applied to the
pixel electrode 16, and the line n indicates the voltage Vpx2
that is applied to the pixel electrode 17. The broken lines in
the graph are plotted by connecting points representing
values that are 0.72 times the voltage Vpx1 on the sides of
the positive and negative polarities, respectively. As shown
in FIG. 11, the voltage Vpx2 applied to the pixel electrode
17 at the sub-pixel B of the liquid crystal display of the
present embodiment has characteristics as descried below.

[0086] In the second to tenth frames and the eleventh to
twentieth frames, the voltage Vpx2 is stable at the value that
is substantially 0.72 times the voltage Vpx1. In the first and
the eleventh frames at which the voltage Vpx1 greatly
fluctuates from the values in the preceding frames, the
magnitude of the voltage Vpx2 is greater than 0.72 times the
voltage Vpx1. The reason is that the amount of electric
charge accumulated in the buffer capacity Cb in a frame is
determined by the gradation of the preceding frame. When
driving is performed by inverting the polarity of the voltage
at each frame, in the second to tenth frames, the voltage
Vpx2 is decreased because an electrical charge of the reverse
polarity is accumulated in the buffer capacity Cb. On the
contrary, in the first frame that is preceded by a frame
displaying black, the electrical charge accumulated in the
buffer capacity Cb is substantially 0, which results in an
overshoot, i.e., a somewhat greater magnitude of the voltage
Vpx2. In the eleventh frame that is preceded by a frame
displaying white, the amount of the electrical charge of the
reverse polarity accumulated in the buffer capacity Cb is
great, which results in an overshoot, i.e., a somewhat greater
magnitude of the voltage Vpx2.

[0087] FIG. 12 is a graph showing changes, which occur
as time passes, in the voltage Vpx1 applied to the pixel
electrode 16 of the pixel of interest in the first to fifth frames,
the graph also showing luminance. Time is plotted in the
horizontal direction, and voltage levels and luminance levels
are plotted in the vertical direction. The line o indicates the
voltage Vpx1, and the line p indicates luminance. As shown
in FIG. 12, when the response of the liquid crystal is
sufficiently quick, luminance in only the first frame (1f)
encircled in the figure is higher than desired luminance if
there is an overshoot. Specifically, there is a possibility of
the phenomenon of over-highlighting of edges when a
dynamic image is displayed.

[0088] FIG. 13 is a graph showing changes in the voltage
Vpx1 and luminance which occur as time passes when the
method of driving a liquid crystal display according to the
present embodiment is used. For example, a control unit of
a liquid crystal display compares input gradation data of two
frames (input gradation data Gm of an m-th frame and input
gradation data G(m+1) of an (m+1)-th frame) stored in a
frame memory for each pixel. When Gm <G(m+1), as
shown in FIG. 13, output gradation data G'(m+1) of the
(m+1)-th frame is corrected such that it stays in a range
expressed by Gm<G'(m+1)<G(m+1) to perform under-drive
type driving in which a somewhat lower voltage is applied
to the liquid crystal layer in the (m+1)-th frame. Although
not shown, when Gm>Gm(m+1), the output gradation data
G'(m+1) of the (m+1)-th frame is corrected such that it stays
in a range expressed by Gm>G'(m+1)>G(m+1) to perform
over-drive type driving in which a somewhat higher voltage
is applied to the liquid crystal layer in the (m+1)-th frame.
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[0089] An overshoot as described above is a new phenom-
enon which has occurred in the liquid crystal display of the
present embodiment, and it does not occur in a liquid crystal
display according to the related art employing the capacitive
coupling HT method. Therefore, the method of driving a
liquid crystal display according to the present invention for
eliminating an overshoot is a novel technique which has
been disclosed for the first time by the present embodiment.

[0090] In general, it has been difficult to put liquid crystal
displays according to the related art employing the capaci-
tive coupling HT method in practical use because of the
occurrence of sticking, although they have quite high view-
ing angle characteristics. The present embodiment is differ-
ent in configuration from the related art in that neither the
pixel electrode 16 at the sub-pixel A having a lower thresh-
old voltage nor the pixel electrode 17 at the subs-pixel B
having a higher threshold voltage is in a floating state and in
that the pixel electrodes 16 and 17 are connected to the drain
bus line 14 through the TFTs 21 and 22, respectively. As a
result, a liquid crystal display having good display charac-
teristics and no image sticking can be provided. In the
present embodiment, the buffer capacity Cb for decreasing
the voltage applied to the liquid crystal layer at the sub-pixel
B is connected in parallel with the liquid crystal capacity
Clc2 and the storage capacity Cs2. Since the voltage ratio
Vpx2/Vpx1 thus becomes closer to 1 as the voltage applied
to the liquid crystal layer increases, the voltage difference
(Vpx1-Vpx2) becomes relatively small when a high voltage
is applied. It is therefore possible to provide a liquid crystal
display which has high viewing angle characteristics and
luminance and in which display irregularities attributable to
fluctuation of the cell thickness are less likely to occur.

Second Embodiment

[0091] A description will now be made with reference to
FIGS. 14 to 15D on a liquid crystal display according to a
second embodiment of the invention. In the liquid crystal
display of the first embodiment of the invention, although a
relatively high light transmittance can be achieved even at a
sub-pixel B, luminance may not be improved so much
because of a reduction in the aperture ratio of the pixels. As
shown in FIG. 9, the most significant factor reducing the
aperture ratio is the TFT 23. FIG. 14 shows a configuration
of the liquid crystal display of the present embodiment. As
shown in FIG. 14, in the present embodiment, a TFT 23 is
disposed such that it extends across a gate bus line 12(n+1)
that belongs to the next pixel. As a result, the area occupied
by the TFT 23 in the pixel region of interest is reduced to
improve the aperture ratio of the same.

[0092] However, when the TFT 23 is disposed so as to
extend across the next gate bus line 12(n+1), either drain
electrode 23a or source electrode 234 is disposed in the
adjacent or next pixel region. For example, let as assume that
the drain electrode 23a and a buffer capacity Cb are disposed
in the next pixel region and that a configuration is employed
in which a connection electrode 35 for connecting a buffer
capacitor electrode 28 and a storage capacitor bus line 18»
will extend across the gate bus line 12(n+1) again. The
configuration is not desirable because it results in a reduc-
tion in the aperture ratio. Under the circumstance, a con-
figuration is employed in which the buffer capacitor elec-
trode 28 is connected through the connection electrode 35 to
a storage capacitor bus line 18(n+1) disposed between the
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gate bus line 12(n+1) and a gate bus line 12(n+2). Since
storage capacitor bus lines 18 are all at the same electrical
potential, no problem occurs even when a buffer capacitor
electrode 28 is connected to the next storage capacitor bus
line 18(n+1).

[0093] FIGS. 15A to 15D show a configuration of the
buffer capacity Cb. As shown in FIG. 15A, the buffer
capacity Cb is formed by overlapping the buffer capacitor
electrode 28 that is in the same layer as the storage capacitor
bus lines 18 with a buffer capacitor electrode 29 that is in the
same layer as the drain electrode 23a while interposing an
insulation layer 30 between them. As shown in FIG. 7, for
example, a voltage ratio Vpx2/Vpx1 of 0.72 can be achieved
by setting the capacity ratio Cc/Clc2 at about 2.5 according
to the related art. On the contrary, the capacity ratio Cb/Clc2
must be smaller, i.e., about 0.2 in the present embodiment.
In the present embodiment, the range of capacity ratios
Cb/Clc2 that provide a desirable voltage ratio Vpx2/Vpx1
(e.g., in the range from 0.5 to 0.9) is smaller, and the voltage
ratio Vpx2/Vpx1 varies more significantly in response to
fluctuation of the capacity ratio Cb/Clc2. In the present
embodiment, in order to suppress display irregularities of
the liquid crystal display, it is therefore particularly impor-
tant to keep the value of the buffer capacities Cb constant
between the pixels. However, when the buffer capacitor
electrodes 28 and 29 are designed with substantially the
same shape and size as shown in FIG. 15A, the area of the
overlap between the electrodes can fluctuate because of
irregularities in the widths of the buffer capacitor electrodes
28 and 29 and positional deviations at the time of patterning
of'the electrodes. A problem therefore arises in that the value
of the buffer capacity Cb may become uneven between the
pixels to increase the possibility of display irregularities.

[0094] FIGS. 15A to 15D show examples of configura-
tions of the buffer capacitor electrodes 28 and 29 which
allow display irregularities to be suppressed. In the configu-
ration shown in FIG. 15B, the buffer capacitor electrode 28
is designed with a width greater than that of the buffer
capacitor electrode 29. As a result, fluctuation of the over-
lapping area is less likely to occur even when there is a
relative positional deviation between the buffer capacitor
electrodes 28 and 29 during formation of the same. Fluc-
tuation of the overlapping area is also less likely to occur
even when there is an irregularity in the width of the buffer
capacitor electrode 28 which is designed with a greater
width. In the configuration shown in FIG. 15C, the buffer
capacitor electrode 29 is designed with a width greater than
that of the buffer capacitor electrode 28. As a result, fluc-
tuation of the overlapping area is less likely to occur even
when there is a relative positional deviation between the
buffer capacitor electrodes 28 and 29 during formation of the
same. Fluctuation of the overlapping area is also less likely
to occur even when there is an irregularity in the width of the
buffer capacitor electrode 29 which is designed with a
greater width. In the configuration shown in FIG. 15D, the
buffer capacitor electrodes 28 and 29 have a band-like
(rectangular) shape and are designed such that they extend
across each other in their longitudinal directions. Therefore,
fluctuation of the overlapping area is less likely to occur
even when there is a relative positional deviation between
the buffer capacitor electrodes 28 and 29 during formation of
the same. Fluctuation of the overlapping area is also less
likely to occur even when there are irregularities in the
widths of the buffer capacitor electrodes 28 and 29 in the
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longitudinal direction thereof. As apparent from above, by
forming the buffer capacitor electrodes 28 and 29 in the
configurations shown in FIGS. 15B to 15D, a liquid crystal
display having high display characteristics and no display
irregularity can be provided.

Third Embodiment

[0095] A description will now be made with reference to
FIGS. 16 and 17 on a liquid crystal display according to a
third embodiment of the invention. A factor that reduces the
yield of manufacture of liquid crystal displays according to
the second embodiment as shown in FIG. 14 is shorting
defect between the drain bus line 14 and the connection
electrode 25. Since the drain bus line 14 and the connection
electrode 25 are formed in the same layer and are extended
a relatively long distance in proximity to each other, a
shorting defect attributable to such as dust is likely to occur
at a photolithographic process. When the connection elec-
trode 25 and the pixel electrode 17 of the sub-pixel B are
disposed in an overlapping relationship, a capacity formed
between the connection electrode 25 and the pixel electrode
17 will decrease the voltage at the pixel electrode 16 of the
sub-pixel A, which results in a reduction of the luminance of
the pixel as a whole. When the interval between the drain
bus line 14 and the connection electrode 25 is increased, an
increase in the interval between the pixel electrode 16 and
the drain bus line 14 is required, which results in a reduction
of the aperture ratio of the pixel. It is therefore sometimes
difficult to improve the yield of manufacture of liquid crystal
displays as shown in FIG. 14.

[0096] FIG. 16 shows a configuration of a pixel of a liquid
crystal display according to the present embodiment. As
shown in FIG. 16, a sub-pixel A of the present embodiment
is disposed in a position shifted upward in the pixel region
when compared with that in the liquid crystal display of the
second embodiment. Both of upper edges of pixel electrodes
16 and 17 in the figure face a gate bus line 12x. The pixel
electrode 16 is adjacent to a TFT 21, and the pixel electrode
17 is adjacent to a TFT 22. The pixel electrode 16 is
electrically connected to a source electrode 215 of the TFT
21 through a contact hole 31. A storage capacitor electrode
19 is electrically connected to the pixel electrode 16 through
a contact hole 24. Since the pixel electrode 16 is shifted
upward in the pixel region, a slit 46 is also shifted upward,
and linear protrusions 44 are consequently disposed upward.
In the present embodiment, since there is no need for the
connecting electrode 25 for electrically connecting the
source electrode 215 with the storage capacitor electrode 19
and the pixel electrode 16, it is possible to suppress any
reduction in the yield of manufacture of liquid crystal
displays attributable to shorting defects.

[0097] In the liquid crystal display of the second embodi-
ment shown in FIG. 14, the storage capacitor bus line 18
(along with the storage capacitor electrode 19) is disposed
such that it overlaps bent parts 44a of the linear protrusions
44 that are bent substantially at right angles. The storage
capacitor bus line 18 is disposed in such a region because the
liquid crystal 6 has alignments in different directions which
are bounded by a straight line which passes through the bent
parts 44a and extends in parallel with the gate bus lies 12.
Even if the storage capacitor bus line 18 is not provided, a
reduction in light transmittance can occur due to disturbance
in the alignment of the liquid crystal 6 in that region. By
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disposing the storage capacitor bus line 18 that is required
for maintaining the pixel potential for one frame period in
the region, it is possible to minimize a reduction in lumi-
nance attributable to the shading effect of the storage capaci-
tor bus line 18.

[0098] In the configuration shown in FIG. 16, two bent
parts 44a and 44b, which are not on the straight line in
parallel with the gate bus lines 12, are disposed in one pixel
because of pixel pitch. That is, there is another boundary
between liquid crystal alignments which passes through the
bent part 446 and which extends in parallel with the gate bus
lines 12, in addition to the boundary of liquid crystal
alignments which passes through the bent part 44a and
which overlaps the storage capacitor bus line 18.

[0099] FIG. 17 shows a modification of the configuration
of the liquid crystal display of the present embodiment. As
shown in FIG. 17, in the present modification, a storage
capacitor bus line 187 overlapping the bent part 44a and
extending in parallel with the gate bus lines 12 and a storage
capacitor bus line 18#' overlapping the bent part 445 and
extending in parallel with the gate bus lines 12 are disposed
between the gate bus line 12% and the gate bus line 12(n+1).
A storage capacitor electrode 19' is formed above the storage
capacitor bus line 187" with the insulation film 30 interposed
between them. The storage capacity Cs2 is formed between
the storage capacitor bus line 187" and the storage capacitor
electrode 19' facing each other with the insulation film 30
interposed. The storage capacitor bus line 18#' is electrically
connected to the storage capacitor bus line 18» through a
connection electrode 38. The width of the storage capacitor
bus lines 18# and 18#' (the storage capacitor electrodes 19
and 19') is smaller than the width of the storage capacitor bus
line 18# (the storage capacitor electrode 19) in the configu-
ration shown in FIG. 16. When a plurality of bent parts that
are not on the straight line in parallel with the gate bus lines
12 are disposed in one pixel as thus described, a plurality of
storage capacitor bus lines 18 are disposed such that they
overlap at least two of the plurality of bent parts respec-
tively, and the plurality of storage capacitor bus lines 18 are
connected in the form of a ladder through the connection
electrode 38. The present modification makes it possible to
provide a liquid crystal display in which no panel failure
occurs even when there is a breakage defect on the storage
capacitor bus lines 18. According to the present modifica-
tion, since the width of the storage capacitor bus lines 18»
and 18#' and the storage capacitor electrodes 19 and 19' can
be small, the substantial aperture ratio of the pixel is
improved. Further, the value of the storage capacity Cs2 can
be increased easily according to the present modification.

Fourth Embodiment

[0100] A description will now be made with reference to
FIGS. 18 and 19 on a liquid crystal display according to a
fourth embodiment of the invention. As shown in FIGS. 18
and 19, in the present embodiment, a source electrode 234
of a third TFT 23 is electrically connected to a buffer
capacitor electrode 29. The buffer capacitor electrode 29 is
disposed so as to overlap a region that is a part of a pixel
electrode 17 of a sub-pixel B. In that region, the pixel
electrode 17 serves as a buffer capacitor electrode, and a
buffer capacity Cb is formed between the electrode and the
buffer capacitor electrode 29 facing the same with a protec-
tive film 32 constituted by such as a SiN film interposed
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therebetween. Alternatively, a separate buffer capacitor elec-
trode electrically connected to the pixel electrode 17 may be
provided, and the buffer capacitor electrode and the buffer
capacitor electrode 29 may be disposed in an overlapping
relationship with an insulation film interposed between
them. In this case, the buffer capacity Cb is formed between
the separately provided buffer capacitor electrode and the
buffer capacitor electrode 29.

[0101] A drain electrode 23a of the TFT 23 is electrically
connected to a relay electrode 52 through a contact hole 50
that is an opening formed in the protective film 32. The relay
electrode 52 is formed in the same layer as the pixel
electrodes 16 and 17. The relay electrode 52 is electrically
connected to a connection electrode 35 and a storage capaci-
tor bus line 18» through a contact hole 51 which is an
opening formed in the protective film 32 and the insulation
film 30. That is, the drain electrode 23a of the TFT 23 is
electrically connected to the storage capacitor bus line 18.
Just as in the configuration shown in FIG. 14, the TFT 23
may be disposed so as to extend across a gate bus line
12(n+1) belonging to the next pixel to electrically connect
the drain electrode 23a to a storage capacitor bus line
18(n+1).

[0102] The present embodiment provides advantages
similar to those in the first embodiment. In the present
embodiment, however, since relaying must be performed
using the relay electrode 52 to electrically connect the drain
electrode 23a and the connection electrode 35 which are
formed in layers different from each other. Therefore, there
may be some reduction in the aperture ratio of the pixel.

Fifth Embodiment

[0103] Aliquid crystal display according to a fifth embodi-
ment of the invention will now be described with reference
to FIG. 28. While a pixel electrode is divided into two
regions A and B in the above-described embodiments by
way of example, a pixel electrode may be divided into a
greater number of regions A, B, C, and so on in order to
achieve higher viewing angle characteristics. FIG. 28 shows
an example employing three divisions in which reference
symbols Clc3 and Cs3 shown in addition to those in FIG. 4
represent a pixel capacity (liquid crystal capacity) and an
auxiliary capacity (storage capacity), respectively. A buffer
capacity Cb2 is also provided as a structure for providing a
potential difference. The sub-pixel C is connected to a drain
bus line through a fourth TFT 54 and is further connected to
the buffer capacity Cb2 through a fifth TFT 55.

[0104] Inthis case, there must be a voltage difference from
sub-pixel to sub-pixel, and ratios (Cb1/Clc2+Cs2) and Cb2
(Cle3+Cs3) are different values.

[0105] The case in which a pixel is divided into 4 or more
can be configured in a similar manner.

[0106] A sticking test was conducted by continuously
displaying a black-and-white checker pattern for 48 hours on
the display screens of the liquid crystal displays of the first
to the fifth embodiments described above under a tempera-
ture condition of 50° C. As a result, it was confirmed that the
liquid crystal displays of the embodiments had no sticking as
encountered on liquid crystal displays according to the
related art employing the capacitive coupling HT method at
all. An improvement in luminance by 10% was observed in
the case of the same aperture ratio as those of the liquid
crystal displays according to the related art.
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[0107] The invention is not limited to the above-described
embodiments and may be modified in various ways.

[0108] For example, while VA mode liquid crystal dis-
plays including the MVA type have been described by way
of example in the above embodiments, the invention is not
limited to them and may be applied to liquid crystal displays
of other types including TN mode types.

[0109] While transmissive liquid crystal displays have
been described by way of example in the above embodi-
ments, the invention is not limited by them and may be
applied to other types of liquid crystal displays such as
reflective and transflective types.

[0110] Further, while liquid crystal displays in which color
filters are formed on an opposite substrate provided opposite
to a TFT substrate have been described by way of example
in the above embodiments, the invention is not limited to
them and may be applied to liquid crystal displays, in which
color filters are formed on a TFT substrate, having the
so-called CF-on-TFT structure.

1. A substrate for a liquid crystal display, comprising:

a plurality of gate bus lines formed in parallel with each
other on a substrate;

a plurality of drain bus lines formed across the plurality of
gate bus lines with an insulation film interposed
between them;

a plurality of storage capacitor bus lines formed in parallel
with the gate bus lines;

first and second transistors each having a gate electrode
electrically connected to an n-th gate bus line and a
drain electrode electrically connected to the drain bus
line;

a first pixel electrode electrically connected to a source
electrode of the first transistor;

a second pixel electrode electrically connected to a source
electrode of the second transistor and separated from
the first pixel electrode;

a pixel region including a first sub-pixel at-which the first
pixel electrode is formed and a second sub-pixel at
which the second pixel electrode is formed;

a third transistor having a gate electrode electrically
connected to an (n+1)-th gate bus line and a source
electrode electrically connected to the second pixel
electrode; and

a buffer capacitor portion including a first buffer capacitor
electrode electrically connected to a drain electrode of
the third transistor and a second buffer capacitor elec-
trode which is disposed opposite to the first buffer
capacitor electrode with an insulation film interposed
therebetween and which is electrically connected to the
storage capacitor bus line.

2. A substrate for a liquid crystal display according to
claim 1, wherein the second buffer capacitor electrode is
electrically connected to the storage capacitor bus line
disposed between the n-th gate bus line and the (n+1)-th gate
bus line.

3. A substrate for a liquid crystal display according to
claim 1, wherein:

the buffer capacitor portion is disposed in a side of a next
pixel region adjacent thereto across the (n+1)-th gate
bus line; and
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the second buffer capacitor electrode is electrically con-
nected to the storage capacitor bus line disposed
between the (n+1)-th gate bus line and an (n+2)-th gate
bus line.

4. A substrate for a liquid crystal display according to
claim 3, wherein the drain electrode of the third transistor is
disposed in the side of the next pixel region.

5. A substrate for a liquid crystal display, comprising:

a plurality of gate bus lines formed in parallel with each
other on a substrate;

a plurality of drain bus lines formed across the plurality of
gate bus lines with an insulation film interposed
between them;

a plurality of storage capacitor bus lines formed in parallel
with the gate bus lines;

first and second transistors each having a gate electrode
electrically connected to an n-th gate bus line and a
drain electrode electrically connected to the drain bus
line;

a first pixel electrode electrically connected to a source
electrode of the first transistor;

a second pixel electrode electrically connected to a source
electrode of the second transistor and separated from
the first pixel electrode;

a pixel region including a first sub-pixel at which the first
pixel electrode is formed and a second sub-pixel at
which the second pixel electrode is formed;

a third transistor having a gate electrode electrically
connected to an (n+1)-th gate bus line and a drain
electrode electrically connected to the storage capacitor
bus line; and

a buffer capacitor portion including a first buffer capacitor
electrode electrically connected to a source electrode of
the third transistor and a second buffer capacitor elec-
trode which is disposed opposite to the first buffer
capacitor electrode with an insulation film interposed
therebetween and which is electrically connected to the
second pixel electrode.

6. A substrate for a liquid crystal display according to
claim 5, wherein the drain electrode of the third transistor is
electrically connected to the storage capacitor bus line
disposed between the n-th gate bus line and the (n+1)-th gate
bus line.

7. A substrate for a liquid crystal display according to
claim 5, wherein:

the drain electrode of the third transistor is electrically
connected to the storage capacitor bus line disposed
between the (n+1)-th gate bus line and an (n+2)-th gate
bus line.

8. A substrate for a liquid crystal display according to
claim 7, wherein the drain electrode of the third transistor is
disposed in the side of the next pixel region adjacent thereto
across the (n+1)-th gate bus line.

9. A substrate for a liquid crystal display according to
claim 1, wherein:

the first pixel electrode is disposed substantially adjacent
to the first transistor; and

the second pixel electrode is disposed substantially adja-
cent to the second transistor.
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10. A substrate for a liquid crystal display according to
claim 1, wherein either of the first and second buffer
capacitor electrodes is formed with a width greater than that
of the other.

11. A substrate for a liquid crystal display according to
claim 1, wherein both of the first and second buffer capacitor
electrodes have a band-like shape and are disposed such that
they extend across each other in their longitudinal direc-
tions.

12. A substrate for a liquid crystal display according to
claim 1, wherein the areal ratio of the second sub-pixel to the
first sub-pixel is %2 or more.

13. A substrate for a liquid crystal display according to
claim 12, wherein the areal ratio is 4 or less.

14. A liquid crystal display comprising a pair of substrates
provided opposite to each other and a liquid crystal sealed
between the pair of substrates, wherein a substrate for a
liquid crystal display according to claim 1 is used as either
of the pair of substrates.

15. A liquid crystal display according to claim 14,
wherein:

the other of the pair of substrates includes a common
electrode; and

the ratio of the capacity of the buffer capacitor portion to
the sum of a liquid crystal capacity formed between the
second pixel electrode and the common electrode and
a storage capacity connected in parallel with the liquid
crystal capacity is 0.05 or more.

16. Aliquid crystal display according to claim 15, wherein
the capacity ratio is 0.6 or less.

17. Aliquid crystal display according to claim 14, wherein
the liquid crystal has negative dielectric constant anisotropy
and is aligned substantially perpendicular to a surface of the
substrates when no voltage is applied.

18. A liquid crystal display according to claim 14, further
comprising a linear alignment regulating structure for regu-
lating the alignment of the liquid crystal, wherein the
alignment regulating structure includes a plurality of bent
parts in one pixel region, the bent parts being out of a
straight line in parallel with the gate bus lines, wherein the
storage capacitor bus line is disposed so as to overlap each
of at least two of the plurality of bent parts.

19. A liquid crystal display according to claim 14, com-
prising a linear slit portion for separating the first and second
pixel electrode from each other, wherein the alignment
regulating structure is disposed in parallel with the slit
portion.

20. A method of driving a liquid crystal display compris-
ing the steps of:

comparing input gradation data Gm of an m-th frame and
input gradation data G(m+1) of an (m+1)-th frame for
each pixel; and

correcting output gradation data G'(m+1) of the (m+1)-th
frame such that it stays in a range expressed by
Gm<G'(m+1)<G(m+1) when Gm<Gm(m+1).

21. A method of driving a liquid crystal display according
to claim 20, comprising the step correcting the output
gradation data G'(m+1) of the (m+1)-th frame such that it
stays in a range expressed by Gm>G'(m+1)>G(m+1) when
Gm>G(m+1).
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