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First and second sub-picture element electrodes, a buffer
capacitance, and a first to third TFTs are formed in each
picture element; the first and second TFTs are driven by a
signal supplied to an nth gate bus line; the third TFT is driven
by a signal supplied to an (n+1)th gate bus line; the first
sub-picture element electrode is connected to the first and
third TFTs; the second sub-picture element electrode is con-
nected to the second TFT; a drain electrode of the third TFT is
connected to an upper electrode of the buffer capacitance; and
alower electrode of this buffer capacitance is connected to the
(n+1)th gate bus line.
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LIQUID CRYSTAL DISPLAY DEVICE
INCLUDING SUB-PICTURE ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority of Japanese
Patent Application No. 2005-157641 filed on May 30, 2005,
the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device which includes a plurality of sub-picture element elec-
trodes in one picture element area, and which inhibits a phe-
nomenon in which a screen looks whitish when the screen is
looked at in a diagonal direction.

2. Description of the Prior Art

Liquid crystal display devices are thinner and lighter in
weight, and can be driven with lower voltage, consuming less
power, than CRTs (Cathode Ray Tubes). For this reason,
liquid crystal display devices are used for various electronic
appliances, including television receivers, note PCs (personal
computers), desktop PCs, PDAs (personal digital assistances)
and mobile phones.

In general, each liquid crystal display device is configured
of two substrates and liquid crystal filled in an interstice
between the two substrates. On one substrate, a picture ele-
ment electrode, a thin film transistor (hereinafter referred to
as a “TFT”) and the like are formed in each picture element.
On the other substrate, color filters and a common electrode
common among the picture elements are formed. Hereinafter,
a substrate on which picture electrodes and TFTs are formed
is referred to as a “TFT substrate, and a substrate arranged
opposite to the TFT substrate is referred to as a “facing
substrate.” In addition, a structure where the liquid crystal is
filled in the interstice between the TFT substrate and the
facing substrate is referred to as a “liquid crystal panel.”

TN (twisted nematic)-type liquid crystal display devices
have been heretofore used widely. In the case of the TN-type
liquid crystal display devices, a horizontal alignment type of
liquid crystal (liquid crystal with a positive dielectric anisot-
ropy) is filled in the interstice between the two substrates, and
molecules of the liquid crystal are twisted and aligned. How-
ever, the TN-type liquid crystal display devices have a disad-
vantage that their viewing angle characteristics are poor so
that their contrast and color tones vary greatly when their
screens are looked at in a diagonal direction. For this reason,
MVA (multi-domain vertical alignment)-type liquid crystal
display devices each with a better viewing angle characteris-
tic have been developed, and have been put in practical use.

However, in the case of the conventional type of MVA-type
liquid crystal display devices, a phenomenon in which the
screen looks whitish occurs when the screen are looked at in
a diagonal direction. FIG. 1 is a diagram showing a T-V
(transmittance-voltage) characteristic observed when the
screen is looked at from the front, and a T-V characteristic
observed when the screen is looked at from above at an angle
of 60 degrees to the screen, where the axis of abscissas indi-
cates applied voltage (V) and the axis of ordinates indicates
transmittance. As shown in FIG. 1, when a voltage slightly
higher than a threshold voltage is applied to a picture element
electrode (a part encircled in the figure), transmittance
observed when the screen is looked at in the diagonal direc-
tion is higher than transmittance observed when the screen is
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looked at from the front. In addition, when the applied voltage
becomes higher to some extent, the transmittance observed
when the screen is looked at in the diagonal direction
becomes lower than the transmittance observed when the
screen is looked at from the front. For this reason, the differ-
ence in luminance among the red, green and blue picture
elements which is observed when the screen is looked at in the
diagonal direction becomes smaller. As a result, the phenom-
enon in which the screen looks whitish occurs as described
above. This phenomenon is termed as “wash-out.” The wash-
out occurs not only in the MVA-type liquid crystal display
devices but also in the TN-type liquid crystal display devices.

The specification of U.S. Pat. No. 4,840,460 has proposed
a TN-type liquid crystal display device in which one picture
element is divided into a plurality of sub-picture elements,
and in which these sub-picture elements are capacitance-
coupled to one another. In the case of the liquid crystal display
device of this kind, electric potential is divided depending on
capacitance ratios respectively of the sub-picture elements.
For this reason, mutually different voltages are applicable
respectively to the sub-picture elements. As a result, a plural-
ity of domains which are different from one another in the
threshold value of the T-V characteristic are apparently
present in one picture element. If the plurality of domains
which are different from one another in the threshold value of
the T-V characteristic are present in one picture element in
this manner, T-V characteristics respectively of those
domains are averaged. This inhibits a phenomenon in which
the transmittance observed when the screen is looked at in the
diagonal direction becomes higher than the transmittance
observed when the screen is looked at from the front. As a
result, the phenomenon in which the screen looks whitish
when the screen is looked at in the diagonal direction (wash-
out) is also inhibited. The method of improving the display
characteristic by dividing one picture element into the plural-
ity of domains which are different from one another in the T-V
characteristic is termed as a “HT (halftone grayscale) method.

FIG. 2 is a plan view showing an example of the conven-
tional type of liquid crystal display device realizing the HT
method. FIG. 3 is a cross-sectional view of the conventional
type of liquid crystal display device taken along the I-1 line of
FIG. 2. Incidentally, FIG. 2 shows an area equivalent to one
picture element of the liquid crystal display device.

A plurality of gate bus lines 52 each extending in the
horizontal direction (the X-axis direction) and a plurality of
data bus lines 55 each extending in the vertical direction (the
Y-axis direction) are formed on a glass substrate 51 serving as
the base of the TFT substrate. Each of rectangular areas
defined by the gate bus lines 52 and the data bus lines 55 is a
picture element area. In addition, auxiliary capacitance bus
lines 53 are formed on the glass substrate 51. The auxiliary
capacitance bus lines 53 are arranged in parallel to the gate
bus lines 52. Each of the auxiliary bus lines 53 cuts across the
center of each of the picture element areas.

A first insulating film 54 is formed between a level where
the gate bus lines 52 and the auxiliary capacitance bus lines 53
are formed and a level where the data bus lines 55 are formed.
By the first insulating film 54, the gate bus lines 52 and the
auxiliary capacitance bus lines 53 are electrically separated
from the data bus lines 55.

A TFT 56, a control electrode 57, an auxiliary capacitance
electrode 58, and sub-picture element electrodes 61a and 615
are formed in each of the picture element areas. In the case of
this example, as shown in FIG. 2, a part of the gate bus line 52
is a gate electrode ofthe TFT 56. In addition, as shown in FIG.
3, a semiconductor film 56a which will serves as an active
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layer for the TFT 56 is formed above the gate bus line 52. A
channel protection film 565 is formed on this semiconductor
film 56a.

As shown in FIG. 2, a drain electrode 56d of the TFT 56 is
connected to the data bus line 55, and a source electrode 56s
thereof is arranged in a position opposite to the drain elec-
trode 564 with the gate bus line 52 interposed in between. In
addition, the auxiliary capacitance electrode 58 is arranged in
a position opposite to the auxiliary capacitance bus line 53
with the first insulating film 54 interposed in between. More-
over, the control electrode 57 is electrically connected to the
source electrode 56s and the auxiliary capacitance electrode
58 through an interconnect 59.

The data bus line 55, the TFT 56, the control electrode 57,
the auxiliary capacitance electrode 58 and the interconnect 59
are covered with a second insulating film 60. The sub-picture
element electrodes 61a and 615 are formed on the second
insulating film 60. The sub-picture element electrode 61a is
capacitance-coupled to the control electrode 57 (including a
part of the interconnect 59 under the sub-picture element
electrode 61a) with the second insulating film 60 interposed
in between. In addition, the sub-picture element electrode 615
is electrically connected to the auxiliary capacitance elec-
trode 58 through a contact hole 60a made in the second
insulating film 60. The surfaces respectively of the sub-pic-
ture element electrodes 6la and 615 are covered with an
alignment film 62.

On the other hand, as shown in FIG. 3, color filters 72 are
formed on a surface (on the lower side in FIG. 3) of a glass
substrate 71 serving as the base of a facing substrate. A
common electrode 73 is formed on the color filters 72 (on the
lower surface thereof in FIG. 3). The surface of the common
electrode 73 is covered with an alignment film 74.

The TFT substrate and the facing substrate are arranged
with spacers (not illustrated) interposed in between. Liquid
crystal 80 is filled in the interstice between the TFT substrate
and the facing substrate. Thus, a liquid crystal panel is com-
pleted. Polarizers are arranged on the two sides of this liquid
crystal panel in the thickness direction thereof. A drive circuit
and a backlight (neither of them is illustrated) are attached
thereto. Thus, the liquid crystal display device is completed.

In the case of the liquid crystal display device configured in
this manner, when a scanning signal supplied to the gate bus
line 52 becomes active (“17), the TFT 56 is turned on. Thus,
a display signal supplied to the data bus line 55 is transferred
to the control electrode 57 and the sub-picture element elec-
trode 614. The display signal supplied to the control electrode
57 is transferred to the sub-picture element electrode 61a
through capacitance coupling. In this case, the voltage of the
sub-picture element electrode 61a becomes lower than that of
the sub-picture element electrode 615 by an amount equiva-
lent to the capacitance coupling. For this reason, two domains
which are different from each other in the T-V characteristic
are apparently present in one picture element area. This inhib-
its a phenomenon in which the screen looks whitish when the
screen is looked at in the diagonal direction.

However, in the case of the liquid crystal display device
shown in FIG. 2, ifthe sizes of the control electrode 57 and the
interconnect 59 vary in the photolithography step, a capaci-
tance value between the control electrode 57 (including the
part of the interconnect 59 under the sub-picture element
electrode 61a) and the sub-picture element electrode 61a
changes. Thus, the liquid crystal display device has a problem
that display unevenness occurs.

In addition, the conventional type of liquid crystal display
device shown in FIG. 2 has a problem that image sticking
occurs as well. For example, if a halftone display is made after
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a black-and-white checkered pattern is continuously dis-
played on the entire screen for a certain length of time, the
checkered pattern looks lighter in color due to the image
sticking.

Usually, the image sticking of the liquid crystal display
device stems from the following causes. One cause is that a
direct-current component is present in signals flowing to the
gate bus lines, the data bus lines and the like. The other cause
is that the C and R values (the values respectively of the liquid
crystal capacitance and the liquid crystal resistance) of the
liquid crystal layer during white display are different from
those during black display. Descriptions will be provided
below for the reasons why the image sticking occurs in the
liquid crystal display device as shown in FIGS. 2 and 3.

FIG. 4 is a plan view showing one picture element of the
liquid crystal display device realizing the HT method. FIG.
5A is a schematic cross-sectional view of the picture element
taken along the II-1I line of FIG. 4. FIG. 5B is a schematic
cross-sectional view of the picture element taken along the
III-1IT line of FIG. 4. FIG. 5C is a schematic cross-sectional
view of the picture element taken along the IV-IV line of FIG.
4. FIG. 5D is a schematic cross-sectional view of the picture
element taken along the V-V line of FIG. 4.

In the case of the liquid crystal display device shown in
FIG. 4, as shown in FIG. 5A, C; ., and R, ~, can be regarded
as being connected in parallel between the sub-picture ele-
ment electrode 61a and the common electrode 73. In this
respect, C, .., denotes a capacitance between the sub-picture
element electrode 61a and the common electrode 73, and
R, -, denotes a resistance between the sub-picture element
electrode 61a and the common electrode 73.

In addition, C,,,, and R, rcan be regarded as being con-
nected in parallel between the sub-picture element electrode
61a and the gate bus line 52 as well. In this respect, C,,,»
denotes a capacitance between the sub-picture element elec-
trode 61a and the gate bus line 52, and R, -denotes a resis-
tance between the sub-picture element electrode 61a and the
gate bus line 52.

On the other hand, as shown in FIG. 5B, C, ., and R, -, can
be regarded as being connected in parallel between the sub-
picture element electrode 615 and the common electrode 73
as well. In this respect, C, ., denotes a capacitance between
the sub-picture element electrode 615 and the common elec-
trode 73, and R;., denotes a resistance between the sub-
picture element electrode 615 and the common electrode 73.

Furthermore, C,,,; and R, can be regarded as being
connected in parallel between the sub-picture element elec-
trode 615 and the gate bus line 52 as well. In this respect,
Cgpx1 denotes a capacitance between the sub-picture element
electrode 615 and the gate bus line 52, and R, denotes a
resistance between the sub-picture element electrode 615 and
the gate bus line 52.

A direct-current voltage (V) of approximately -5V to
-10V is applied to the gate bus line 52 for almost all the length
of time in one vertical synchronization period (one field
period) (while the scanning signal is inactive) for the purpose
of keeping the TFT 56 in the OFF state. An electric charge
depending on this direct-current voltage is accumulated in
each of the sub-picture element electrodes 61a and 614
respectively through a group of the capacitance C,,., and the
resistance R, - or a group of the capacitance C,,,, and the
resistance R ;.

Usually, scanning signals applied to each of the gate bus
lines 52 sequentially become active once in each vertical
synchronization period. At this time, the TFT 56 is turned on.
Thus, the sub-picture element electrode 615 and the data bus
line 55 are electrically connected to each other. For this rea-
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son, the electric charge, which has been accumulated in the
sub-picture element electrode 615 while the TFT 56 is off,
flows to the data bus line 55, and thus the direct-current
voltage component does not remain in the sub-picture ele-
ment electrode 615. On the other hand, even if the TFT 56 is
turned on, the electric charge accumulated in the sub-picture
element electrode 61a is held as it is in the sub-picture ele-
ment electrode 61a. For this reason, the direct-current voltage
component remains in the sub-picture electrode 61a.

Furthermore, as shown in FIG. 5C, C,,,, and R;,,,, can be
regarded as being connected in parallel between the sub-
picture element electrode 61a and the data bus line 55. In this
respect, C,,., denotes a capacitance between the sub-picture
element electrode 61a and the data bus line 55, and R .,
denotes a resistance between the sub-picture element elec-
trode 61a and the data bus line 55.

Moreover, as shown in FIG. 5D, C,,,; and R,,,, can be
regarded as being connected in parallel between the sub-
picture element electrode 615 and the data bus line 55 as well.
In this respect, C,,,; denotes a capacitance between the sub-
picture element electrode 615 and the data bus line 55, and
R, denotes a resistance between the sub-picture element
electrode 615 and the data bus line 55.

In the data bus line 55, a direct-current voltage higher than
the electric potential of the common electrode 73 by approxi-
mately 1V to 2V is superimposed on a display signal (alter-
nating current signal) for the purpose of compensating for a
field-through voltage. An electric charge depending on this
direct-current voltage is also accumulated in the sub-picture
element electrodes 61a and 615 respectively through a group
of the capacitance C,,, and the resistance R ., ora group of
the capacitance C,,, and the resistance R ;,,,; .

As described above, the TFT 56 is turned on once in each
vertical synchronization period, and thus the sub-picture ele-
ment electrode 615 and the data bus line 55 are electrically
connected to each other. At this time, the electric charge
accumulated in the sub-picture element 615 flows to the data
bus line 55, and accordingly the direct-current voltage com-
ponent does not remain in the sub-picture element electrode
615. On the other hand, the electric charge accumulated in the
sub-picture element 61a is held as it is in the sub-picture
element 61a, even when the TFT 56 is turned on. For this
reason, the direct-current voltage component remains in the
sub-picture element electrode 61a.

In this manner, almost no direct-current voltage compo-
nent is accumulated in the sub-picture element electrode 615
which is electrically connected to the data bus line 55 through
the TFT 56 in certain periods. By contrast, the electric charge
is accumulated in the sub-picture element electrode 6la
capacitance-coupled to the control electrode 57, and accord-
ingly the direct-current voltage component remains there.

Next, descriptions will be provided for a relationship
between the electric charge accumulated in the sub-picture
element electrode 61a and the image sticking.

‘When the area and cell thickness of the sub-picture element
electrode 61a are denoted respectively by S and d, the capaci-
tance (liquid crystal capacitance) C; -, between the sub-pic-
ture element electrode 61a and the common electrode 73 is
expressed as follows.

Cr=E(S/d)

where € denotes a dielectric constant of the liquid crystal.
The dielectric constant of liquid crystal molecules aligned in
a direction perpendicular to the substrate surface is different
from the dielectric constant of liquid crystal molecules
aligned in the horizontal direction. For this reason, a value of
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the liquid crystal capacitance of a picture element displaying
a white part of a checkered pattern is different from a value of
the liquid crystal capacitance of a picture element displaying
ablack part of the checkered pattern. As a result, a value of the
direct-current voltage component applied to a part of a liquid
crystal layer which corresponds to the white display is differ-
ent from a value of the direct-current voltage component
applied to a part of the liquid crystal layer which corresponds
to the black display. Even if the checkered-pattern display is
switched to a halftone display, the direct-current voltage com-
ponents remaining respectively in the two parts of the liquid
crystal layer do not change quickly. For this reason, the volt-
age applied to the part of the liquid crystal layer in the picture
element displaying white is different from the voltage applied
to the part of the liquid crystal layer in the picture element
displaying black. As a result, the light transmittance of the
picture element displaying white is different from the light
transmittance of the picture element displaying black. This
causes the image sticking. Incidentally, the image sticking
stemming from such a cause decreases in a length of time
depending on a time constant between the sub-picture ele-
ment electrode and a group of the control electrode and the
common electrode. However, for the purpose of enhancing
the display quality, the image sticking needs to be made as
small as possible.

SUMMARY OF THE INVENTION

With the foregoing matters taken into consideration, an
object of the present invention is to provide a liquid crystal
display device which makes it possible to inhibit wash-out, to
avoid occurrence of display unevenness or image sticking,
and to exhibit better display quality.

The above-described problems are solved by a liquid crys-
tal display device which is configured of first and second
substrates arranged opposite to each other as well as liquid
crystal filled in an interstice between the first and second
substrates, and which includes a plurality of picture elements
arrayed in a matrix. The liquid crystal display device is char-
acterized by including: a plurality of gate bus lines each for
supplying a scanning signal to each of the picture elements; a
plurality of data bus lines each for supplying a display signal
to each of the picture elements; a first and second sub-picture
element electrodes formed in each of the picture elements; a
buffer capacitance formed in each of the picture elements; a
first transistor which is driven by a scanning signal of an nth
gate bus line (n is an integer), and which transfers a display
signal of an mth data bus line (m is an integer) to the first
sub-picture element electrode in an nth row and an mth col-
umn while the first transistor is on; a second transistor which
is driven by the scanning signal of the nth gate bus line, and
which transfers the display signal of the mth data bus line to
the second sub-picture element electrode in the nth row and
the mth column while the second transistor is on; and a third
transistor which is connected between the first sub-picture
element electrode in the nth row and the mth column and the
buffer capacitance, and which is driven by a scanning signal
of'a (n+1)th gate bus line.

The liquid crystal display device according to the present
invention includes the first and second sub-picture element
electrodes, the buffer capacitance, and the first to third tran-
sistors in each of the picture elements. The first sub-picture
element electrode is connected to the first and third transis-
tors. The second sub-picture element electrode is connected
to the second transistor. In addition, the buffer capacitance is
connected between the third transistor and any one of, for
example, the (n+1)th gate bus line, the mth data bus line, the
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(m+1)th data bus line and the common electrode. In this
respect, it is supposed that the buffer capacitance is connected
between the third transistor and the (n+1)th gate bus line for
the purpose of making descriptions simple.

The first and second transistors are turned on when the
scanning signal supplied to the nth gate bus line becomes
active. Thus, the display signal is transferred to each of the
first and second sub-picture element electrodes. Subse-
quently, the scanning signal supplied to the nth gate bus line
becomes inactive, and thus the first and second transistors are
turned off. At this time, equal voltages are held respectively in
the first and second sub-picture element electrodes.

Thereafter, when the scanning signal supplied to the (n+1)
th gate bus line becomes active and thus the third transistor is
turned on, an electric charge is injected to the first sub-picture
element electrode from the (n+1)th gate bus line through the
buffer capacitance and the third transistor. As a result, the
voltage of the first sub-picture element electrode changes
slightly. Thereby, the voltages respectively of the first and
second sub-picture element electrodes become different from
each other. As in the case of the HT method, two domains
which are different from each other in the T-V characteristic
are apparently present in one picture element area. This inhib-
its the phenomenon in which a screen looks whitish when the
screen is looked at in a diagonal direction (the wash-out).

In a case where the buffer capacitance is connected to any
one of the mth data bus line, the (m+1)th data bus line and the
common electrode instead of being connected to the nth gate
bus line, when the scanning signal of the (n+1)th gate bus line
becomes active, the voltage of the first sub-picture element
electrode changes as well. This inhibits the phenomenon in
which the screen looks whitish when the screen is looked at in
the diagonal direction (the wash-out).

In addition, in the case of the present invention, when the
scanning signal supplied to the nth gate bus line becomes
active, both of the first and second sub-picture element elec-
trodes are connected to the data bus line. For this reason, the
electric charges which are direct-current voltage components
accumulated in the first and second sub-picture electrodes
due to the signals flowing to the gate bus line and the data bus
line while the first and second transistors are off flow to the
data bus line respectively through the first and second tran-
sistors. This makes it possible to prevent the image sticking
from occurring.

Incidentally, a liquid crystal display device having a plu-
rality of sub-picture element electrodes and a plurality of
transistors in each picture element is described in Japanese
Patent Laid-open Official Gazette No. 2002-333870. How-
ever, the liquid crystal display device described in Japanese
Patent Laid-open Official Gazette No. 2002-333870 is not
provided with a digital/analog converter circuit, and makes
halftone display on the basis of digital image signals. Voltages
depending on digital values are independently applied to the
sub-picture elements respectively. As a result, unlike the lig-
uid crystal display device according to the present invention,
the liquid crystal display device described in Japanese Patent
Laid-open Official Gazette No. 2002-333870 is incapable of
inhibiting the wash-out.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram showing a T-V (transmittance-voltage)
characteristic which is observed when a screen is looked at
from the front, and a T-V characteristic which is observed
when the screen is looked at from above at an angle of 60
degrees to the screen.

40

45

60

8

FIG.2is aplan view showing an example of a conventional
type of liquid crystal display device realizing an HT method.

FIG. 3 is a cross-sectional view of the conventional type of
liquid crystal display device taken along the I-1line of FIG. 2.

FIG. 4 is a plan view showing one picture element of the
liquid crystal display device realizing the HT method.

FIG. 5A is a schematic cross-sectional view of the picture
element taken along the II-II line of FIG. 4. FIG. 5B is a
schematic cross-sectional view of the picture element taken
along the III-11I line of FIG. 4. FIG. 5C is a schematic cross-
sectional view of the picture element taken along the IV-IV
line of FIG. 4. FIG. 5D is a schematic cross-sectional view of
the picture element taken along the V-V line of FIG. 4.

FIG. 6 is a block diagram showing an overall configuration
of a liquid crystal display device according to a first embodi-
ment of the present invention.

FIG. 7 is a plan view showing one picture element of the
liquid crystal display device according to the first embodi-
ment.

FIG. 81is a cross-sectional view of the picture element taken
along the VI-VI line of FIG. 7.

FIG. 9 is a cross-sectional view of a TFT substrate taken
along the VII-VII line of FIG. 7.

FIGS. 10A to 10E are diagrams each showing a method of
manufacturing the liquid crystal display device according to
the first embodiment.

FIG. 11 is a plan view of a liquid crystal display device
according to a second embodiment of the present invention.

FIG. 12 is a cross-sectional view of the liquid crystal dis-
play device taken along the VIII-VIII line of FIG. 11.

FIGS. 13A and 13B are schematic diagrams each showing
a method of driving the liquid crystal display device (polari-
ties of a picture element).

FIG. 14 is a plan view showing a modified example of the
second embodiment.

FIG. 15 is a cross-sectional view of the modified example
taken along the IX-IX line of FIG. 14.

FIG. 16 is a plan view showing a liquid crystal display
device according to a third embodiment of the present inven-
tion.

FIG. 17 is a cross-sectional view of the liquid crystal dis-
play device taken along the IX-IX line of FIG. 16.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, detailed descriptions will be provided for the
present invention.

First Embodiment

FIG. 6 is a block diagram showing an overall configuration
of'a liquid crystal display device according to a first embodi-
ment of the present invention. Incidentally, this embodiment
shows an example where the present invention is applied to an
MVA (Multi-domain Vertical Alignment)-type liquid crystal
display device.

A liquid crystal display device 100 according to this
embodiment is configured of a control circuit 101, a data
driver 102, a gate driver 103 and a liquid crystal panel 104.
Signals, including digital display signals R, G and B, hori-
zontal synchronization signals Hsync and vertical synchroni-
zation signals Vsync, are supplied to this liquid crystal dis-
play device 100 from an external apparatus (not illustrated),
such as a computer.

A plurality of picture elements 105 are arrayed in a matrix
on the liquid crystal panel 104. In addition, a plurality of data
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bus lines 115 each extending in the vertical direction and a
plurality of gate bus lines 111 each extending in the horizontal
direction are provided onto the liquid crystal panel 104. In the
case of the liquid crystal display device according to this
embodiment, the gate bus lines 111 and the data bus lines 115
constitute boundaries of each of the picture elements 105.
Detailed descriptions will be provided later for the picture
elements 105.

The control circuit 101 receives a horizontal synchroniza-
tion signal Hsync and a vertical synchronization signal
Vsync, and thus outputs a data start signal DSI, a data clock
DCLK, a gate start signal GSI and a gate clock GCLK. The
data start signal DSI becomes active when a horizontal syn-
chronization period starts. The data clock DCLK divides the
horizontal synchronization period at certain intervals. The
gate start signal GSI becomes active when a vertical synchro-
nization period starts. The gate clock GCLK divides the ver-
tical synchronization period at certain intervals.

The data driver 102 converts the digital display signals R,
G and B received from the external apparatus to analog dis-
play signals. Thus, the data driver 102 supplies the analog
display signals to each of data bus lines 115 in each horizontal
synchronization period with timings based on the data start
signal DSI and the data clock DCLK which have been
received from the control circuit 101. These analog display
signals are alternating current signals whose polarities alter-
nate, for example, in each frame (each vertical synchroniza-
tion period).

On the other hand, the gate driver 103 sequentially makes
a scanning signal active in one vertical synchronization
period on the basis of the gate start signal GSI and the gate
clock GCLK which have been received from the control
circuit 101. The scanning signal is supplied to each of the gate
bus lines 111. When the scanning signal is inactive, the volt-
age is approximately -5V to —10V. When the scanning signal
is active, the voltage is approximately 15V to 30V.

FIG. 7 is a plan view showing one picture element of the
liquid crystal display device according to this embodiment.
FIG. 8 is a cross-sectional view of the picture element taken
along the VI-VIline of FIG. 7. FIG. 9 is a cross-sectional view
of the TFT substrate taken along the VII-VII line of FIG. 7.
Incidentally, an illustration of alignment films is omitted in
FIG. 9.

As shown in FIG. 8, the liquid crystal panel 104 is config-
ured ofa TFT substrate 110, a facing substrate 130, and liquid
crystal 140 which is filled in an interstice between the sub-
strates. The dielectric anisotropy of the liquid crystal 140 is
negative. A first polarizer 141a is arranged on the back sur-
face of the liquid crystal panel 104 (on the lower surface
thereof'in FIG. 8), and a second polarizer 1415 is arranged on
the front surface of the liquid crystal panel 104 (on the upper-
most surface thereof in FIG. 8). These polarizers 141a and
1415 are arranged in a way that absorption axes respectively
ofthe two polarizers are orthogonal to each other. In addition,
a backlight (not illustrated) is arranged at the side of the back
surface of the liquid crystal panel 104.

As shown in FIG. 7, the plurality of gate bus lines 111 each
extending in the horizontal direction and the plurality of data
bus lines 115 each extending in the vertical direction are
formed on the TFT substrate 110. Each of rectangular areas
defined by these gate bus lines 111 and these data bus lines
115 is a picture element area. In addition, auxiliary capaci-
tance bus lines 112 are formed on the TFT substrate 110. The
auxiliary capacitance bus lines 112 are arranged in parallel
with the gate bus lines 111. Each of the auxiliary bus lines 112
cuts across the center of each of the picture element areas.
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The gate bus lines 111 and the auxiliary capacitance bus
lines 112 are formed on a glass substrate 110a serving as the
base of the TFT substrate 110. A first insulating film 113 is
formed over the gate bus lines 111 and the auxiliary capaci-
tance bus lines 112. The data bus lines 115 are formed on the
first insulating film 113.

In addition, TFTs 116, 117 and 118, an auxiliary capaci-
tance electrode 120, sub-picture element electrodes 122a and
1225, a buffer capacitance lower electrode 1115 and a buffer
capacitance upper electrode 118¢ are formed in each of the
picture element areas on the TFT substrate 110. In the case of
this embodiment, as shown in FIG. 7, parts of an nth gate bus
line 111 are respectively gate electrodes of the TFT 116 and
117 (n is an integer). An interconnect 111a extending from a
(n+1)th gate bus line 111 is a gate electrode of the TFT 118.
Moreover, the buffer capacitance lower electrode 1115 is
connected to the (n+1)th gate bus line 111.

A semiconductor film (a silicon film or the like) 114a
which is an active film for the TFTs 116, 117 and 118 is
formed over each of predetermined areas respectively of the
gate bus line 111 and the interconnect 111a. Channel protec-
tion films 1145 and 114¢ are formed on areas serving as
channels respectively of the semiconductors film 114a. A
drain electrode 1164 and a source electrode 1165 of the TFT
116 are arranged respectively in positions opposite to each
other with the channel protection film 1144 interposed in
between. Similarly, a drain electrode 1174 and a source elec-
trode 1175 of the TFT 117 are also arranged respectively in
positions opposite to each other with the channel protection
film 1145 interposed in between. Furthermore, a drain elec-
trode 1184 and a source electrode 1185 of the TFT 118 are
arranged respectively in positions opposite to each other with
the channel protection film 114c¢ interposed in between. As
well, both of the drain electrodes 116a and 117a respectively
ofthe TFTs 116 and 117 are connected to an mth data bus line
115 (m is an integer).

The auxiliary capacitance electrode 120 is arranged in a
position opposite to the auxiliary capacitance bus line 112
with the first insulating film 113 interposed in between. An
auxiliary capacitance is configured of the auxiliary capaci-
tance electrode 120, the auxiliary capacitance bus line 112,
and the first insulating film 113 in between. This auxiliary
capacitance electrode 120 is connected to the source elec-
trode 1164 of the TFT 116 through an interconnect 119.

In addition, the buffer capacitance upper electrode 118¢ is
arranged in a position opposite to the buffer capacitance lower
electrode 1115 with the first insulating film 113 interposed in
between. The buffer capacitance upper electrode 118c¢ is con-
nected to the drain electrode 118a of the TFT 118. A buffer
capacitance 126 is configured of the buffer capacitance upper
electrode 118c¢, the buffer capacitance lower electrode 1115,
and the first insulating film 113 in between.

A second insulating film 121 is formed over the data bus
line 115, the TFTs 116, 117 and 118, the interconnect 119, the
auxiliary capacitance electrode 120 and the buffer capaci-
tance upper electrode 118¢. Sub-picture element electrodes
1224 and 12254 are formed on the second insulating film 121.
The sub-picture element electrodes 122a and 1224 are
formed of a transparent electric conductor, such as ITO (in-
dium-tin oxide), and are separated from each other by a slit
124. The slit 124 includes a part extending in a direction
diagonal to the data bus lines 115 and the other part extending
in a direction parallel to the data bus lines 115. In addition, the
slit 124 is formed in symmetry on upper and lower sides of the
center line of the picture element, the center line being par-
allel to the gate bus lines 111. This slit 124 functions as an
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alignment controlling structure for controlling directions in
which liquid crystal molecules tilt when voltage is applied.

The sub-picture element electrode 122a is electrically con-
nected to the source electrode 1175 of the TFT 117 and the
source electrode 1185 of the TFT 118 respectively through
contact holes 121a and 121¢ made in the second insulating
film 121. In addition, the sub-picture element electrode 1225
is electrically connected to the auxiliary capacitance elec-
trode 120 through a contact hole 1215 made in the second
insulating film 121. A vertical alignment film 125 made of
polyimide or the like is formed over these sub-picture element
electrodes 1224 and 1225.

On the other hand, as shown in FIG. 8, the facing substrate
130 is configured of a glass substrate 130a, black matrixes
(light blocking films) 131, color filters 132, a common elec-
trode 133 and protrusions 134. The glass substrate 130a
serves as the base of the facing substrate 130. The black
matrixes 131 are formed on a surface of the glass substrate
130a (the lower surface thereofin FIG. 8). The black matrixes
131 are arranged in positions opposite to the gate bus lines
111, the data bus lines 115, and the TFTs 116,117 and 118, on
the TFT substrate 110. The width of each of the black
matrixes 131 is set up to be slightly wider than the width of
each of the gate bus lines 111 and the data bus lines 115.

There are three types of color filters 132; red (R), green (G)
and blue (B). One color filter with any one of red (R), green
(G) and blue (B) is arranged in each of the picture elements.
In the case of this embodiment, a group of red, green and blue
picture elements neighboring in the horizontal direction con-
stitutes one pixel, and thus makes it possible to display vari-
ous colors.

The surface of the color filter 132 is covered with the
common electrode 133 made of a transparent electric conduc-
tor such as ITO. In addition, as shown in FIG. 8, bank-shaped
protrusions 134 are formed respectively as alignment control-
ling structures on the common electrode 133 (on the lower
surface thereof in FIG. 8). These protrusions 134 are formed,
for example, of a dielectric material such as photoresist. The
protrusions 134 are arranged in positions away from the slit
124, which are almost in parallel with the slit 124, as shown
by a long dashed double-short dashed line in FIG. 7. The
surfaces respectively of the common electrode 133 and the
protrusions 134 are covered with a vertical alignment film
135 made of polyimide.

Descriptions will be provided below for an operation of the
liquid crystal display device according to this embodiment.
Incidentally, descriptions will be provided for a picture ele-
ment in an nth row and an mth column shown in FIG. 7. The
liquid crystal molecules are aligned in a direction perpendicu-
lar to the surfaces respectively of the alignment films 125 and
135 while in an initial state (in a state where voltage is applied
to none of the sub-picture element electrodes 122a and 1225).

In the case of the liquid crystal display device according to
this embodiment, when a scanning signal supplied to the nth
gate bus line 111 becomes active, the TFTs 116 and 117 are
turned on. Thus, a display signal supplied to the mth data bus
line 115 is transferred to the auxiliary capacitance electrode
120 and the sub-picture element electrodes 122a and 1225.
Subsequently, when the scanning signal becomes inactive
and thus the TFTs 116 and 117 are turned off, the voltage
depending on the display signal is held in each of the sub-
picture element electrodes 1224 and 12254. Thus, the liquid
crystal molecules are tilted at an angle depending on the
voltage held in each of the sub-picture element electrodes
122a and 122b6. An amount of light depending on the tilt angle
of the liquid crystal molecules is transmitted through the
picture element. In this case, liquid crystal molecules on one
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side of each of the slit 124 and the protrusions 134 are tilted in
a direction reverse to a direction in which liquid crystal mol-
ecules on the other side of each of the slit 124 and the protru-
sions 134 are tilted. Thus, what is termed as alignment divi-
sion (multi-domain) is achieved, and accordingly a desirable
viewing angle characteristic can be obtained.

Next, when a scanning signal supplied to the (n+1)th gate
bus line 111 becomes active, the TFT 118 is turned on. An
electric charge is injected to the sub-picture element 122a
from the (n+1)th gate bus line 111 through the buffer capaci-
tance 126 and the TFT 118. Thereby, the voltage held in the
sub-picture element 122a becomes slightly higher than the
voltage held in the sub-picture element 1225. As a result, in
common with the foregoing HT method, two domains (a
domain in which the sub-picture element electrode 122a is
arranged and a domain in which the sub-picture element
electrode 12254 is arranged) which are different from each
other in T-V characteristic are present in the single picture
element. This inhibits a phenomenon in which the screen
looks whitish when the screen is looked at in a diagonal
direction (wash-out). Incidentally, an amount of voltage
build-up in the sub-picture element electrode 122a depends
on the voltage of the display signal and a capacitance value of
the buffer capacitance 126.

In the case of the conventional type of liquid crystal display
device shown in FIG. 2, voltage is applied to the sub-picture
element 61a through the capacitance between the control
electrode 57 (including a part of the interconnect 59 under the
sub-picture element electrode 61a) and the sub-picture ele-
ment electrode 61a. For this reason, the size of the control
electrode 57 needs to be made relatively large. By contrast, in
the case of the liquid crystal display device according to this
embodiment, the display signal (display voltage) is applied to
the sub-picture element electrode 122a through the TFT 117,
and thereafter the voltage held in the sub-picture element
electrode 122a is just slightly changed by means of the TFT
118 and the buffer capacitance 126. For this reason, it suffices
that the size of each of the electrodes (the lower electrode
11154 and the upper electrode 118¢) of the buffer capacitance
is smaller than the size of the control electrode 57 (including
the part of the interconnect 59 under the sub-picture element
electrode 61a) of the liquid crystal display device shown in
FIG. 2. As a result, the aperture ratio of the liquid crystal
display device according to this embodiment is larger than
that of the conventional type of liquid crystal display device
shown in FIG. 2. This also brings about an advantage that the
liquid crystal display device according to this embodiment
can make a brighter display. Moreover, in the case of the
liquid crystal display device according to this embodiment,
the change in the voltage held in the sub-picture element
1224, which stems from variation in the capacitance value of
the buffer capacitance 126, is relatively small. For this reason,
the liquid crystal display device according to this embodi-
ment has an advantage that display unevenness stemming
from the photolithography step is inhibited from occurring in
comparison with the conventional liquid crystal display
device shown in FIG. 2.

Inthe case of this embodiment, while the TFTs 116 and 117
are off, an electric charge which is a direct-current voltage
component is accumulated in the sub-picture element elec-
trodes 122a and 1225 as well, by the signals supplied respec-
tively to the gate bus line 111 and the data bus line 115. In the
case of this embodiment, however, the TFTs 116 and 117 are
turned on, and thus both of the sub-picture element electrodes
1224 and 1226 are electrically connected to the data bus line
115, in each frame (each vertical synchronization period). For
this reason, the electric charge which is the direct-current
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component accumulated in each of the sub-picture element
electrodes 122a and 1225 flows to the data bus line 115, and
thus image sticking is avoided. This brings about an effect that
a desirable display quality can be obtained.

Descriptions will be provided below for a method of manu-
facturing the liquid crystal display device according to this
embodiment.

First of all, descriptions will be provided for a method of
manufacturing the TFT substrate with reference to FIG. 7 and
FIG.10A to 10E. Incidentally, FIGS. 10A to 10E respectively
show cross-sections of the TFT substrate 110 taken along the
VII-VII line of FIG. 7.

To begin with, a first metal film, for example, with an Al
(aluminum)-MoN (molybdenum nitride)-Mo (molybdenum)
lamination structure, is formed on the glass substrate 110a by
means of the sputtering method. The glass substrate 110a
serves as the base of the TFT substrate 110. Subsequently, the
first metal film is patterned by means of the photolithography
method. Thereby, the gate bus line 111, the interconnect
111a, the buffer capacitance lower electrode 1115 and the
auxiliary capacitance bus line 112 are formed as shown in
FIGS. 7 and 10A.

Subsequently, as shown in FIG. 10B, the first insulating
film (gate insulating film) 113 made, for example, of SiO, is
formed on the entire upper surface of the glass substrate 110a
by means of the CVD (Chemical Vapor Deposition) method.
After that, the semiconductor film 114a which serves as an
active layer for the TFTs 116, 117 and 118 is formed on a
predetermined area of the first insulating film 113. Thereafter,
for example, a SiN film is formed on the entire upper surface
of the resultant glass substrate 110a, and this SiN film is
patterned by means of the photolithography method. Thus,
the channel protection films 1145 and 114¢ are formed on
areas which serve respectively as channels of the semicon-
ductor film 114a.

Subsequently, a second metal film, for example, with a Ti
(titanium)-Al—Ti lamination structure is formed on the
entire upper surface of the glass substrate 110a. The second
metal film is patterned by means of the photolithography
method. Thus, as shown in FIGS. 7 and 10C, the data bus line
115, the drain electrodes 116a, 117a and 118a, the source
electrodes 1165, 1175 and 1184, the buffer capacitance upper
electrode 118c¢, the interconnect 119 and the auxiliary capaci-
tance electrode 120 are formed.

Thereafter, as shown in FIG. 10D, the second insulating
film 121 made, for example, of SiO,, SiN or resin is formed
on the entire upper surface of the resultant glass substrate
110a. Subsequently, the contact holes 121a, 1215 and 121¢
are formed in the second insulating film 121 by means of the
photolithography method. The contact hole 121a reaches the
source electrode 1175 of the TFT 117. The contact hole 1215
reaches the auxiliary capacitance electrode 120. The contact
hole 121c¢ reaches the source electrode 1185 of the TFT 118.

Thereafter, the ITO film (or another electric conductor
film) is formed on the entire upper surface of the resultant
glass substrate 110a by means of the sputtering method.
Subsequently, the ITO film is patterned by the photolithog-
raphy method. Thus, as shown in FIGS. 7 and 10E, the sub-
picture element electrodes 122a and 1224 are formed. The
sub-picture element electrode 122a is electrically connected
to the source electrode 1175 of the TFT 117 and the source
electrodes 1186 of the TFT 118 respectively through the
contact holes 121a and 121c¢. In addition, the sub-picture
element electrode 1225 is electrically connected to the aux-
iliary capacitance electrode 120 through the contact hole
1215
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Thereafter, for example, polyimide is applied to the entire
upper surface of the resultant glass substrate 110a. Thus, the
vertical alignment film 125 to cover the surfaces respectively
of the sub-picture element electrodes 122a and 1224 are
formed. Thereby, the TFT substrate 110 is completed.

Next, descriptions will be provided for a method of manu-
facturing the facing substrate 130 with reference to FIG. 8.
First of all, the black matrixes 131 are formed of a metal such
as Cror a black resin on the glass substrate 130a (on the lower
surface thereof in FIG. 8) which serves as the base of the
facing substrate 130. These black matrixes 131 are formed in
positions opposite to the gate bus line 111, the data bus line
115 and the TFTs 116,117 and 118, on the TFT substrate 110.
The width of each of these black matrixes 131 is slightly
wider than those respectively of the gate bus line 111 and the
data bus line 115.

Subsequently, the color filters 132 are formed of red, green
and blue photosensitive resins on the resultant glass substrate
130a. One color filter 132 with any one of red, green and blue
is arranged in each picture element area.

Thereafter, the common electrode 133 made of an electri-
cal conductor such as ITO is formed on the color filter 132 (on
the lower surface thereofin FIG. 8) by means of the sputtering
method. Subsequently, photoresist is applied to the top of the
common electrode 133. Thus, a photoresist film is formed.
This photoresist film is exposed by means of a predetermined
exposure mask, and thereafter is caused to undergo the devel-
opment process. Thus, the protrusions 134 are formed.

Subsequently, for example, polyimide is applied to the
entire upper surface of the resultant glass substrate 130a. The
vertical alignment film 135 to cover the surfaces respectively
of the common electrode 133 and the protrusions 134 is
formed. Thereby, the facing substrate 130 is completed.

The TFT substrate 110 and the facing substrate 130 which
have been manufactured in such a manner are arranged oppo-
site to each other with spacers (not illustrated) interposed in
between, and the liquid crystal 140 is filled in the interstice
between the substrates. The dielectric anisotropy of the liquid
crystal 140 is negative. Subsequently, the polarizers 141a and
14154 are joined to the two sides of the liquid crystal panel 140,
and a drive circuit and the backlight (not illustrated) are
additionally attached thereto. Thus, the liquid crystal display
device according to this embodiment is completed.

Second Embodiment

FIG. 11 is a plan view showing a liquid crystal display
device according to a second embodiment of the present
invention. FIG. 12 is a cross-sectional view of the liquid
crystal display device taken along the VIII-VIII line of FIG.
11. Incidentally, what makes this embodiment different from
the first embodiment is the difference between the structures
of the buffer capacitances respectively according to the two
embodiments. The rest of the configuration according to this
embodiment is basically similar to that according to the first
embodiment. For this reason, in FIGS. 11 and 12, the same
reference numerals will be used to denote the same or similar
components as those shown in FIGS. 7 and 9, and thus the
detailed descriptions will be omitted.

In the case of this embodiment, a buffer capacitance 210 is
configured of a buffer capacitance lower electrode 211, a
buffer capacitance upper electrode 212 and a second insulat-
ing film 121. The buffer capacitance lower electrode 211 and
adrain electrode 118a ofa TFT 118 are formed integrally. The
buffer capacitance upper electrode 212 is formed at the same
time as sub-picture element electrodes 1224 and 1224 are
formed, and is made of a transparent electric conductor such
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as ITO. The second insulating film 121 is interposed between
the buffer capacitance lower electrode 211 and the buffer
capacitance upper electrode 212. The buffer capacitance
upper electrode 212 is connected to a (m+1)th data bus line
115 through a contact hole 213 made in the second insulting
film 121.

Descriptions will be provided below for the liquid crystal
display device according to this embodiment. It should be
noted that there are various methods, including the following
methods, for driving the liquid crystal display device. For
example, one method is that of supplying display signals each
having the same polarity to picture elements arranged in the
same row in the horizontal direction and supplying display
signals each having an alternating polarity to picture elements
neighboring in the vertical direction as shown in FIG. 13A.
The other method is that of supplying the display signals each
having an alternating polarity to picture elements neighbor-
ing in the horizontal and vertical directions, as shown in FIG.
13B. In addition, usually, the polarities of the display signals
to be supplied respectively to the picture elements are alter-
nated for each frame, as shown in FIGS. 13A and 13B. In the
case of this embodiment, it is supposed that, as shown in FIG.
13A, the display signals each having the same polarity are
supplied to the picture element arranged in the same row in
the horizontal direction, and that the display signals each
having the alternating polarity are supplied to the picture
elements neighboring in the vertical direction.

In the case of the liquid crystal display device according to
this embodiment, when a scanning signal supplied to an nth
gate bus line 111 becomes active, the TFTs 116 and 117 are
turned on as in the case of the first embodiment. Thus, a
display signal supplied to an mth data bus line 115 is trans-
ferred to an auxiliary capacitance electrode 120 and the sub-
picture element electrodes 122a and 1224. In this respect, itis
supposed that the display signal with the positive polarity is
supplied to the mth data bus line 115.

Thereafter, when the scanning signal becomes inactive and
thus the TFTs 116 and 117 are turned off, voltage with the
positive polarity depending on the display signal is held in the
sub-picture element electrodes 122a and 1225.

Subsequently, when a scanning signal supplied to the (n+1)
th gate bus line 111 becomes active, the TFT 118 is turned on.
At this time, a display signal with the negative polarity is
supplied to the (m+1)th data bus line 115. For this reason, an
electric charge accumulated in the sub-picture element elec-
trode 122a flows to the data bus line 115 through the TFT 118
and the buffer capacitance 210, and the voltage held in the
sub-picture element electrode 122a drops slightly. As a result,
two domains which are different from each other in T-V
characteristic are present in the single picture element, as in
the case of the foregoing HT method. Accordingly, this inhib-
its a phenomenon in which the screen looks whitish when the
screen is looked at in a diagonal direction (wash-out).

It should be noted that an amount of the voltage drop in the
sub-picture element electrode 122a depends on the capaci-
tance value of the buffer capacitance 210 and the voltage of
the display signal supplied to the (m+1)th data bus line 115.

In the case of this embodiment, as well, the TFTs 116 and
117 are turned on in each frame, and both of the sub-picture
element electrodes 122a and 1224 are electrically connected
to the data bus line 115, as in the case of the first embodiment.
For this reason, an electric charge flows to the data bus line
115 through the TFTs 116 and 117, and thus the image stick-
ing is avoided. The electric charge is an direct-current com-
ponent which has been accumulated in each of the sub-picture
element electrode 122a and 1225 by the signals supplied
respectively to the gate bus line 111 and the data bus line 115
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while the TFTs 116 and 117 are off. Moreover, the liquid
crystal display device according to this embodiment has an
effect that display unevenness stemming from the photoli-
thography step is inhibited from occurring in comparison
with the conventional type of liquid crystal display device
shown in FIG. 2, as in the case of the first embodiment. In
addition, the liquid crystal display device according to this
embodiment has an effect that an aperture ratio is larger and
accordingly a brighter display can be made, as in the case of
the first embodiment.

With regard to this embodiment, the foregoing descriptions
have been provided for the case where the buffer capacitance
upper electrode 212 and the (m+1)th gate bus line 115 are
electrically connected to each other through the contact hole
213. However, the buffer capacitance upper electrode 212 and
the (m+1)th gate bus line 115 may be capacitance-coupled to
each other.

In addition, in a case where, as shown in FIG. 13B, display
signals with the alternating polarities are supplied respec-
tively to picture elements neighboring in the vertical and
horizontal directions, it suffices that the buffer capacitance
upper electrode 212 is connected to the mth data bus line 115.

FIG. 14 is a plan view of the liquid crystal display device,
and FIG. 15 is a cross-sectional view of the liquid crystal
display device taken along the IX-IX line of FIG. 14. It does
not matter that, as shown in FIGS. 14 and 15, a lower elec-
trode 221 of a buffer capacitance 220 is formed at the same
time as the gate bus line 111 and the interconnect 111a are
formed and an upper electrode 222 and the drain electrode
11854 of the TFT 118 are formed integrally. In this case, the
buffer capacitance 220 is configured of the lower electrode
221, the upper electrode 222, and the first insulating film 113
in between. FIGS. 14 and 15 shows an example where the
buffer capacitance lower electrode 221 and the (m+1)th data
bus line 115 are capacitance-coupled to each other. However,
the buffer capacitance lower electrode 221 and the (m+1)the
data bus line 115 may be directly electrically connected to
each other through a contact hole.

Third Embodiment

FIG. 16 is a plan view of a liquid crystal display device
according to a third embodiment. FIG. 17 is a cross-sectional
view of the liquid crystal display device taken along the IX-IX
line of FIG. 16. It should be noted that what makes this
embodiment different from the first embodiment is the dif-
ference between the structures of the buffer capacitances
respectively according to this embodiment and the first
embodiment. The rest of the configuration according to this
embodiment is similar to that according to the first embodi-
ment. For this reason, in FIGS. 16 and 17, the same reference
numerals are used to denote the same and similar components
as those shown in FIGS. 7 and 9, and thus the detailed descrip-
tions will be omitted. Moreover, in FIG. 7, illustrations of
black matrixes, color filters, alignment films and the like are
omitted as well.

Inthe case of this embodiment, a source electrode 118a and
adrain electrode 1185 of a TFT 118 are arranged respectively
in positions opposite to each other with a (n+1)th gate bus line
111 interposed in between. In addition, the source electrode
118a of the TFT 118 is electrically connected to a buffer
capacitance electrode 231 arranged in a picture element area
in a (n+1)th column through a contact hole 232 made in a
second insulating film 121. This buffer capacitance electrode
231 is formed of a transparent electrical conductor such as
ITO at the same time as sub-picture element electrodes 122a
and 1224 are formed. In the case of this embodiment, as
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shown in FIG. 17, a buffer capacitance 230 is configured of
the buffer capacitance electrode 231, a common electrode
133, and liquid crystal 140 in between.

Descriptions will be provided below for an operation of the
liquid crystal display device according to this embodiment.

In the case ofthis embodiment, too, when a scanning signal
supplied to an nth gate bus line 111 becomes active, TFTs 116
and 117 are turned on. Thus, a display signal supplied to an
mth data bus line 115 is transferred to an auxiliary capaci-
tance electrode 120, and sub-picture element electrodes 122a
and 1225b.

Subsequently, when the scanning signal becomes inactive
and thus the TFTs 116 and 117 are turned off, voltage depend-
ing on the display signal is held in each of the sub-picture
element electrodes 122q and 1224. Liquid crystal molecules
are tilted at an angle depending on the voltage held in each of
the sub-picture elements 122a and 122b. Accordingly, an
amount of light depending on the tilt angle is transmitted
through the picture element.

Subsequently, when the scanning signal supplied to the
(n+1)th gate bus line 111 becomes active, the TFT 118 is
turned on. An electric charge accumulated in the sub-picture
element electrode 122a flows to a common electrode 133
through the TFT 118 and the buffer capacitance 230. Thus,
the voltage held in the sub-picture element electrode 122a
drops slightly. As a result, a phenomenon in which the screen
looks whitish when the screen is looked at in a diagonal
direction (wash-out) is inhibited, as in the case of the forego-
ing HT method. Incidentally, an amount of the voltage drop in
the sub-picture element electrode 1224 depends on the volt-
age of the display signal and the capacitance value of the
buffer capacitance 230.

In the case of this embodiment, too, the TFTs 116 and 117
are turned on, and thus both of the sub-picture element elec-
trodes 122a and 1225 are electrically connected to the data
bus line 115, as in the case of the first embodiment. For this
reason, an electric charge flows to the data bus line 115
through the TFTs 116 and 117, and thus the image sticking is
avoided. The electric charge is an direct-current component
which has been accumulated in each of the sub-picture ele-
ment electrode 122a and 1224 by the signals supplied respec-
tively to the gate bus line 111 and the data bus line 115 while
the TFTs 116 and 117 are off. Moreover, the liquid crystal
display device according to this embodiment has an effect
that display unevenness stemming from the photolithography
step is inhibited from occurring, as in the case of the first
embodiment. In addition, the liquid crystal display device
according to this embodiment has an effect that an aperture
ratio is larger and a brighter display can be made, as in the
case of the first embodiment.

What is claimed is:

1. A liquid crystal display device which is configured of
first and second substrates arranged opposite to each other as
well as liquid crystal filled in an interstice between the first
and second substrates, and which includes a plurality of pic-
ture elements arrayed in a matrix, the liquid crystal display
device comprising:

a plurality of gate bus lines for supplying scanning signals

respectively to the picture elements;

a plurality of data bus lines for supplying display signals

respectively to the picture elements;

first and second sub-picture element electrodes formed in

each of the picture elements;

a buffer capacitance formed in each of the picture ele-

ments;

a first transistor which is driven by a scanning signal of an

nth gate bus line (n is an integer), and which transfers a
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display signal of an mth data bus line (m is an integer) to
the first sub-picture element electrode in an nth row and
an mth column while the first transistor is on;

a second transistor which is driven by the scanning signal
of the nth gate bus line, and which transfers the display
signal of the mth data bus line to the second sub-picture
element electrode in the nth row and the mth column
while the second transistor is on; and

a third transistor which is driven by a scanning signal of a
gate bus line different from the nth gate bus line, and
which transfers the scanning signal of the gate bus line
different from the nth gate bus line to the first sub-picture
element electrode in the nth row and the mth column
through the buffer capacitance while the third transistor
is on, the third transistor comprising:

a gate formed integral with the gate bus line different
from the nth gate bus line,

a source connected to the first sub-picture element elec-
trode, and

a drain connected to the buffer capacitance,

wherein the buffer capacitance is configured of first and
second capacitance electrodes, the first capacitance
electrode and the gate bus line different from the nth gate
bus line being formed integrally, the second capacitance
electrode and the drain of the third transistor being
formed integrally, and the second capacitance electrode
being arranged in a position opposite to the first capaci-
tance electrode with an insulating film interposed in
between.

2. A liquid crystal display device which is configured of
first and second substrates arranged opposite to each other as
well as liquid crystal filled in an interstice between the first
and second substrates, and which includes a plurality of pic-
ture elements arrayed in a matrix, the liquid crystal display
device comprising:

a plurality of gate bus lines for supplying scanning signals

respectively to the picture elements;

a plurality of data bus lines for supplying display signals
respectively to the picture elements;

first and second sub-picture element electrodes formed in
each of the picture elements;

a buffer capacitance formed in each of the picture ele-
ments;

a first transistor which is driven by a scanning signal of an
nth gate bus line (n is an integer), and which transfers a
display signal of an mth data bus line (m is an integer) to
the first sub-picture element electrode in an nth row and
an mth column while the first transistor is on;

a second transistor which is driven by the scanning signal
of the nth gate bus line, and which transfers the display
signal of the mth data bus line to the second sub-picture
element electrode in the nth row and the mth column
while the second transistor is on; and

a third transistor which is driven by a scanning signal of a
(n+1)th gate bus line, and which transfers a display
signal of a (m+1)th data bus line to the first sub-picture
element electrode in the nth row and the mth column
through the buffer capacitance while the third transistor
is on, the third transistor comprising:

a gate formed integral with the (n+1)th gate bus line,

a source connected to the first sub-picture element elec-
trode, and

a drain connected to the buffer capacitance,

wherein the buffer capacitance is configured of first and
second capacitance electrodes, the first capacitance
electrode and the drain of the third transistor being
formed integrally, the second capacitance electrode
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being connected to the (m+1)th data bus line, and the
second capacitance electrode being arranged in a posi-
tion opposite to the first capacitance electrode with an
insulating film interposed in between.

3. The liquid crystal display device according to claim 2,
wherein the second capacitance electrode is connected to the
(m+1) th data bus line through capacitance coupling.

4. A liquid crystal display device which is configured of
first and second substrates arranged opposite to each other as
well as liquid crystal filled in an interstice between the first
and second substrates, and which includes a plurality of pic-
ture elements arrayed in a matrix, the liquid crystal display
device comprising:

a plurality of gate bus lines for supplying scanning signals

respectively to the picture elements;

a plurality of data bus lines for supplying display signals

respectively to the picture elements;

first and second sub-picture element electrodes formed in

each of the picture elements;

a buffer capacitance formed in each of the picture ele-

ments;

a first transistor which is driven by a scanning signal of an
nth gate bus line (n is an integer), and which transfers a
display signal of an mth data bus line (m is an integer) to
the first sub-picture element electrode in an nth row and
an mth column while the first transistor is on;

a second transistor which is driven by the scanning signal
of the nth gate bus line, and which transfers the display
signal of the mth data bus line to the second sub-picture
element electrode in the nth row and the mth column
while the second transistor is on; and

a third transistor which is driven by a scanning signal of a
(n+])th gate bus line, and which transfers the display
signal of the mth data bus line to the first sub-picture
element electrode in the nth row and the mth column
through the buffer capacitance while the third transistor
is on, the third transistor comprising:

a gate formed integral with the (n+1)th gate bus line,

a source connected to the first sub-picture element elec-
trode, and

a drain connected to the buffer capacitance,

wherein the buffer capacitance is configured of first and
second capacitance electrodes, the first capacitance
electrode and the drain of the third transistor being
formed integrally, the second capacitance electrode
being connected to the mth data bus line, and the second
capacitance electrode being arranged in a position oppo-
site to the first capacitance electrode with an insulating
film interposed in between.
5. The liquid crystal display device according to claim 4,
wherein the second capacitance electrode is connected to the
mth data bus line through capacitance coupling.
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6. A liquid crystal display device which is configured of
first and second substrates arranged opposite to each other as
well as liquid crystal filled in an interstice between the first
and second substrates, and which includes a plurality of pic-
ture elements arrayed in a matrix, the liquid crystal display
device comprising:

a plurality of gate bus lines formed on the last substrate for
supplying scanning signals respectively to the picture
elements;

a plurality of data bus lines formed on the first substrate for
supplying display signals respectively to the picture ele-
ments;

first and second sub-picture element electrodes formed on
the first substrate in each of the picture elements;

a common electrode formed on the second substrate and
being opposite to the first and second sub-picture ele-
ment electrodes;

a buffer capacitance formed in each of the picture ele-
ments;

a first transistor which is formed on the first substrate,
which is driven by a scanning signal or an nth gate bus
line (n is an integer), and which transfers a display signal
of an mth data bus line (m is an integer) to the first
sub-picture element electrode in an nth row and an mth
column while the first transistor is on;

a second transistor which is formed on the first substrate,
which is driven by the scanning signal ofthe nth gate bus
line, and which transfers the display signal of the mth
databus line to the second sub-picture element electrode
in the nth row and the mth column while the second
transistor is on; and

a third transistor which is formed on the first substrate, and
which s driven by a scanning signal of a (n+1)th gate bus
line, the third transistor comprising:

a gate formed integral with the (n+1)th gate bus line,

a drain connected to the first sub-picture element elec-
trode in the nth row and the mth column, and

a source connected to the buffer capacitance,

wherein the buffer capacitance is configured of a capaci-
tance electrode formed on the first substrate in a picture
element next to a picture element of the nth row and the
mth column and connected to the source of the third
transistor, the common electrode, and liquid crystal in
between.

7. The liquid crystal display device according to any one of
claims 1 to 6, wherein a dielectric anisotropy of the liquid
crystal is negative.

8. The liquid crystal display device according to any one of
claims 1 to 6, wherein an alignment controlling structure for
forming at least two domains which are different from one
another in a direction in which liquid crystal molecules are
tilted while voltage is being applied is formed on at least one
of the first and second substrates.

#* #* #* #* *
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