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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

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Divisional of U.S. application
Ser. No. 11/441,144, filed May 26, 2006 and 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 reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device which includes a plurality of sub-picture element
electrodes in one picture element area, and which inhibits a
phenomenon in which a screen looks whitish when the screen
is looked at in a diagonal direction.

[0004] 2. Description of the Prior Art

[0005] Liquid crystal display devices are thinner and
lighter in weight, and can be driven with lower voltage, con-
suming 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.

[0006] In general, each liquid crystal display device is con-
figured of two substrates and liquid crystal filled in an inter-
stice between the two substrates. On one substrate, a picture
element electrode, a thin film transistor (hereinafter referred
to asa“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.”
[0007] 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 align-
ment type of liquid crystal (liquid crystal with a positive
dielectric anisotropy) is filled in the interstice between the
two substrates, and molecules of the liquid crystal are twisted
and aligned. However, the TN-type liquid crystal display
devices have a disadvantage that their viewing angle charac-
teristics are poor so that their contrast and color tones vary
greatly when their screens are looked at in a diagonal direc-
tion. For this reason, MVA (multi-domain vertical align-
ment)-type liquid crystal display devices each with a better
viewing angle characteristic have been developed, and have
been put in practical use.

[0008] 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
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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
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.

[0009] 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 ele-
ments, and in which these sub-picture elements are capaci-
tance-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-pic-
ture elements. For this reason, mutually different voltages are
applicable respectively to the sub-picture elements. As a
result, a plurality 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
atin the diagonal direction becomes higher than the transmit-
tance 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 termedas a “HT (halftone grayscale) method.

[0010] FIG. 2 is a plan view showing an example of the
conventional type of liquid crystal display device realizing
the HT method. FIG. 3 is a cross-sectional view of the con-
ventional type of liquid crystal display device taken along the
I-I line of FIG. 2. Incidentally, FIG. 2 shows an area equiva-
lent to one picture element of the liquid crystal display device.

[0011] 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.

[0012] 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.
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[0013] 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 of the TFT 56. In addition,
as shown in FIG. 3, a semiconductor film 56a which will
serves as an active 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.

[0014] Asshown in FIG. 2, adrain electrode 56d of the TFT
56 is connected to the data bus line 55, and a source electrode
565 thereof is arranged in a position opposite to the drain
electrode 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 565 and the auxiliary capacitance electrode
58 through an interconnect 59.

[0015] The data bus line 55, the TFT 56, the control elec-
trode 57, the auxiliary capacitance electrode 58 and the inter-
connect 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 (in-
cluding 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 capaci-
tance electrode 58 through a contact hole 60a made in the
second insulating film 60. The surfaces respectively of the
sub-picture element electrodes 61a and 615 are covered with
an alignment film 62.

[0016] 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 1s covered with an alignment film 74.

[0017] 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 completed. 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.

[0018] In the case of the liquid crystal display device con-
figured in this manner, when a scanning signal supplied to the
gatebus 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 electrode 615 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 equivalent to the capacitance coupling. For this rea-
son, two domains which are different from each other in the
T-V characteristic are apparently present in one picture ele-
ment area. This inhibits a phenomenon in which the screen
looks whitish when the screen is looked at in the diagonal
direction.
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[0019] However, in the case of the liquid crystal display
device shown in F1G. 2, ifthe sizes of the control electrode 57
and the interconnect 59 vary in the photolithography step, a
capacitance value between the control electrode 57 (includ-
ing 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.

[0020] 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 a black-and-white checkered pattern is continu-
ously displayed on the entire screen for a certain length of
time, the checkered pattern looks lighter in color due to the
image sticking.

[0021] Usually, the image sticking of the liquid crystal dis-
play 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.
[0022] FIG. 4isaplan view showing one pictureelement 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 line of FIG. 4. FIG. 5C is a schematic cross-sec-
tional view of the picture element taken along the IV-1V 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.

[0023] Inthe case of theliquid 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 element 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 ele-
ment electrode 61a and the common electrode 73.

[0024] Inaddition, C,,,, and R, -canbe regarded as being
connected in parallel between the sub-picture element elec-
trode 61a and the gate bus line 52 as well. In this respect,
Cgpx2 denotes a capacitance between the sub-picture element
electrode 61a and the gate bus line 52, and R, denotes a
resistance between the sub-picture element electrode 61a and
the gate bus line 52.

[0025] 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 elec-
trode 73 as well. In this respect, C, ., denotes a capacitance
between the sub-picture element electrode 615 and the com-
mon electrode 73, and R, -, denotes a resistance between the
sub-picture element electrode 615 and the common electrode
73.

[0026] Furthermore, C_,,, and R_, ; can be regarded as
being connected in parallel between the sub-picture element
electrode 615 and the gate bus line 52 as well. In this respect,
Cgpx 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.
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[0027] 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 accumu-
lated in each of the sub-picture element electrodes 61a and
61brespectively through a group of the capacitance C,,,, and
the.resistance R, ora group of the capacitance C_,,,, and the
resistance R ..
[0028] 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-
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.
[0029] 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
electrode 61a and the data bus line 55.
[0030] Moreover, as shown in F1G. 5D, C,,,,, and R, can
be regarded as being connected in parallel between the sub-
picture elementelectrode 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.
[0031] In the data bus line 55, a direct-current voltage
higher than the electric potential of the common electrode 73
by approximately 1V to 2V 1s superimposed on a display
signal (alternating current signal) for the purpose of compen-
sating for a field-through voltage. An electric charge depend-
ing 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, or a group of the capacitance C,,,,, and the resistance
dpxl®
[0032] As described above, the TFT 56 is turned on once in
each vertical synchronization period, and thus the sub-picture
element 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.
[0033] In this manner, almost no direct-current voltage
component is accumulated in the sub-picture element elec-
trode 615 which is electrically connected to the data bus line
55 through the TFT 56 in certain periods. By contrast, the
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electric charge is accumulated in the sub-picture element
electrode 61a capacitance-coupled to the control electrode
57, and accordingly the direct-current voltage component
remains there.

[0034] Next, descriptions will be provided for a relation-
ship between the electric charge accumulated in the sub-
picture element electrode 61a and the image sticking.
[0035] When the area and cell thickness of the sub-picture
elementelectrode 61a are denoted respectively by S and d, the
capacitance (liquid crystal capacitance) C, ., between the
sub-picture element electrode 61a and the common electrode
73 is expressed as follows.

Crere(8/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
the liquid crystal capacitance of a picture element displaying
awhite 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

[0036] 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.

[0037] The above-described problems are solved by a lig-
uid 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 picture
elements arrayed in a matrix. Theliquid crystal display device
is characterized by including: a plurality of gate bus lines each
for supplying a scanning signal to each of the picture ele-
ments; 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 scan-
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ning 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 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.

[0038] 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 transistors in each of the picture elements. The first
sub-picture element electrode is connected to the first and
third transistors. 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
oneof, for example, the (n+1)th gate bus line, the mth databus
line, the (m+1)th data bus line and the common electrode. In
this respect, it is supposed that the buffer capacitance is con-
nected between the third transistor and the (n+1)th gate bus
line for the purpose of making descriptions simple.

[0039] 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.

[0040] Thereafter, when the scanning signal supplied to the
(n+1)th gate bus line becomes active and thus the third tran-
sistor 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 dif-
ferent from each other. As in the case of the HT method, two
domains which are different from each other in the T-V char-
acteristic are apparently present in one picture element area.
This inhibits the phenomenon in which a screen looks whitish
when the screen is looked at in a diagonal direction (the
wash-out).

[0041] 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 phenom-
enon in which the screen looks whitish when the screen is
looked at in the diagonal direction (the wash-out).

[0042] 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 ele-
ment electrodes 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
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second transistors. This makes it possible to prevent the
image sticking from occurring.

[0043] Incidentally, aliquid crystal display device having a
plurality 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
halftonedisplay 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

[0044] FIG. 1 is 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.

[0045] FIG. 2 is a plan view showing an example of a
conventional type ofliquid crystal display device realizing an
HT method.

[0046] FIG. 3 is a cross-sectional view of the conventional
type of liquid crystal display device taken along the I-I line of
FIG. 2.

[0047] FIG. 4is aplan view showing one picture element of
the liquid crystal display device realizing the HT method.
[0048] FIG. 5A is a schematic cross-sectional view of the
picture element taken along the I1-1I line of F1IG. 4. F1G. 5B is
a schematic cross-sectional view of the picture element taken
along the line of FIG. 4. FIG. 5C is a schematic cross-sec-
tional view of the picture element taken along the IV-1V 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.

[0049] FIG. 6 is a block diagram showing an overall con-
figuration of a liquid crystal display device according to a first
embodiment of the present invention.

[0050] FIG. 7isaplan view showing one picture element of
the liquid crystal display device according to the firstembodi-
ment.

[0051] FIG. 8 is a cross-sectional view of the picture ele-
ment taken along the VI-VT line of FIG. 7.

[0052] FIG. 9 is a cross-sectional view of a TFT substrate
taken along the VII-VII line of FIG. 7.

[0053] FIGS. 10A to 10E are diagrams each showing a
method of manufacturing the liquid crystal display device
according to the first embodiment.

[0054] FIG. 11 is a plan view of a liquid crystal display
device according to a second embodiment of the present
invention.

[0055] FIG. 12 is across-sectional view of the liquid crystal
display device taken along the VIII-VIII line of FIG. 11.
[0056] FIGS. 13A and 13B are schematic diagrams each
showing a method of driving the liquid crystal display device
(polarities of a picture element).

[0057] FIG. 14 is a plan view showing a modified example
of the second embodiment.

[0058] FIG. 15 is a cross-sectional view of the modified
example taken along the IX-IX line of FIG. 14.



US 2010/0309417 A1

[0059] FIG. 16 is a plan view showing a liquid crystal
display device according to a third embodiment of the present
invention.

[0060] FIG.171sacross-sectional view of theliquid crystal
display device taken along the IX-1X line of FIG. 16.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0061] Hereinafter, detailed descriptions will be provided
for the present invention.

First Embodiment

[0062] FIG. 6 is a block diagram showing an overall con-
figuration of a liquid crystal display device according to a first
embodiment 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.

[0063] Aliquid 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.

[0064] A plurality of picture elements 105 are arrayed in a
matrix on the liquid crystal panel 104. In addition, a plurality
of data 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 ele-
ments 105. Detailed descriptions will be provided later for the
picture elements 105.

[0065] The control circuit 101 receives a horizontal syn-
chronization signal Hsync and a vertical synchronization sig-
nal Vsyne, 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
synchronization 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.

[0066] The data driver 102 converts the digital display sig-
nals R, G and B received from the external apparatus to analog
display 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 synchromza-
tion period).

[0067] On the other hand, the gate driver 103 sequentially
makes a scanning signal active in one vertical synchromza-
tion 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-
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age is approximately =5V to =10V. When the scanning signal
is active, the voltage is approximately 15V to 30V.

[0068] FIG. 7isaplan view showing one picture element of
the liquid crystal display device according to this embodi-
ment. FIG. 8 is 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 the TFT substrate taken along the VII-VII
line of FIG. 7. Incidentally, an illustration of alignment films
is omitted in FIG. 9.

[0069] As shown in FIG. 8, the liquid crystal panel 104 is
configured of a TFT substrate 110, a facing substrate 130, and
liquid crystal 140 which is filled in an interstice between the
substrates. The dielectric anisotropy of the liquid crystal 140
is negative. A first polarizer 141qa is arranged on the back
surface 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
of the two polarizers are orthogonal to each other. In addition,
abacklight (not illustrated) is arranged at the side of the back
surface of the liquid crystal panel 104.

[0070] As shown in FIG. 7, the plurality of gate bus lines
111 each extending in the horizontal direction and the plural-
ity of data bus lines 115 each extending in the vertical direc-
tion 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
capacitance 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.

[0071] The gatebus 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.

[0072] In addition, TFTs 116, 117 and 118, an auxiliary
capacitance electrode 120, sub-picture element electrodes
122q and 122b, 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 111 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.

[0073] 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 114c¢ 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 117a and a source elec-
trode 1176 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
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arranged respectively in positions opposite to each other with
the channel protection film 114¢ interposed in between. As
well, both of the drain electrodes 1164 and 117a respectively
of the TFTs 116 and 117 are connected to an meth data bus
line 115 (m is an integer).

[0074] 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.
[0075] In addition, the buffer capacitance upper electrode
118¢ is arranged in a position opposite to the buffer capaci-
tance lower electrode 1115 with the first insulating film 113
interposed in between. The buffer capacitance upper elec-
trode 118c¢ is connected to the drain electrode 1184 of the TFT
118. A buffer capacitance 126 is configured of the buffer
capacitance upper electrode 118¢, the buffer capacitance
lower electrode 1115, and the first insulating film 113 in
between.

[0076] A second insulating film 121 is formed over the data
busline 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
122q and 1224 are formed on the second insulating film 121.
The sub-picture element electrodes 1224 and 1226 are
formed of a transparent electric conductor, such as [TO (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
alignment controlling structure for controlling directions in
which liquid crystal molecules tilt when voltage is applied.
[0077] The sub-picture element electrode 122a is electri-
cally connected to the source electrode 1175 of the TFT 117
and the source electrode 1184 of the TFT 118 respectively
through contact holes 121a and 121¢ made in the second
insulating film 121. In addition, the sub-picture element elec-
trode 1225 is electrically connected to the auxiliary capaci-
tance electrode 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 122g and 122b.

[0078] 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 com-
mon electrode 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 F1G. 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.
[0079] There are three types of color filters 132; red (R),
green () 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,
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green and blue picture elements neighboring in the horizontal
direction constitutes one pixel, and thus makes it possible to
display various colors.

[0080] Thesurface ofthe color filter 132 is covered with the
common electrode 133 made of atransparent 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.

[0081] Descriptions will be provided below for an opera-
tion of the liquid crystal display device according to this
embodiment. Incidentally, descriptions will be provided fora
picture element in an nth row and an mth column shown in
FIG. 7. The liquid crystal molecules are aligned in a direction
perpendicular 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 elec-
trodes 122a and 1224).

[0082] In the case of the liquid crystal display device
according to this embodiment, when a scanning signal sup-
plied 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 capaci-
tance 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 122a and 1225. Thus,
the liquid crystal molecules are tilted at an angle depending
on the voltage held in each of the sub-picture element elec-
trodes 122 and 122b. 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 mol-
ecules on one side of each of the slit 124 and the protrusions
134 are tilted in a direction reverse to a direction in which
liquid crystal molecules on the other side of each of the slit
124 and the protrusions 134 are tilted. Thus, what is termed as
alignment division (multi-domain) is achieved, and accord-
ingly a desirable viewing angle characteristic can be
obtained.

[0083] Next, whena scanning signal supplied to the (n-3)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 1224 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 1224 is
arranged and a domain in which the sub-picture element
electrode 1224 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
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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.

[0084] Inthe 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 element 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 1224 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 1115 and the upper electrode 118c¢) 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 embodi-
ment 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
embodiment has an advantage that display unevenness stem-
ming from the photolithography step is inhibited from occur-
ring in comparison with the conventional liquid crystal dis-
play device shown in FIG. 2.

[0085] In the 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
electrodes 122a and 1225 as well, by the signals supplied
respectively 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 122a and 1226 are electrically connected to the
data bus line 115, in each frame (each vertical synchroniza-
tion period). For this reason, the electric charge which is the
direct-current component accumulated in each of the sub-
picture element electrodes 122a and 1224 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.

[0086] Descriptions will be provided below for a method of
manufacturing the liquid crystal display device according to
this embodiment.

[0087] 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.

[0088] To begin with, a first metal film, for example, with
an Al (aluminum)-MoN (molybdenum nitride)-Mo (molyb-
denum) 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. Subse-
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quently, the first metal film is patterned by means of the
photolithography method. Thereby, the gate bus line 111, the
interconnect 111q, the buffer capacitance lower electrode
1115 and the auxiliary capacitance bus line 112 are formed as
shown in FIGS. 7 and 10A.

[0089] Subsequently. as shown in FIG. 10B, the first insu-
lating film (gate insulating film) 113 made, for example, of
SiQ, is formed on the entire upper surface of the glass sub-
strate 110a by means of the CVD (Chemical Vapor Deposi-
tion) method. After that, the semiconductor film 114@ 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
semiconductor film 114a.

[0090] 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 photolithog-
raphy 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 1185, the buffer capaci-
tance upper electrode 118¢, the interconnect 119 and the
auxiliary capacitance electrode 120 are formed.

[0091] Thereafter, as shown in FIG. 10D, the second insu-
lating film 121 made, for example, of Si0,, SiN or resin is
formed on the entire upper surface of the resultant glass
substrate 110a. Subsequently, the contact holes 121qa, 1215
and 121c¢ 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 121¢ reaches the source electrode 1185
of the TFT 118.

[0092] Thereafter, the ITO film (or another electric conduc-
tor film) is formed on the entire upper surface of the resultant
glass substrate 110¢ 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 1224 is electrically connected
to the source electrode 1175 of the TFT 117 and the source
electrodes 1185 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.

[0093] 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 1224 and
1226 are formed. Thereby, the TFT substrate 110 is com-
pleted.

[0094] Next, descriptions will be provided for a method of
manufacturing the facing substrate 130 with reference to FIG.
8. First of all, the black matrixes 131 are formed of a metal
such as Cr or 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.
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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.

[0095] 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.

[0096] Thereafter, the common electrode 133 made of an
electrical conductor such as ITO is formed on the color filter
132 (on the lower surface thereof in FIG. 8) by means of the
sputtering method. Subsequently, photoresistis applied to the
top of the common electrode 133. Thus, a photoresist film is
formed. This photoresist film is exposed by means of a pre-
determined exposure mask, and thereafter is caused to
undergo the development process. Thus, the protrusions 134
are formed.

[0097] 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 respec-
tively of the common electrode 133 and the protrusions 134 is
formed. Thereby, the facing substrate 130 is completed.
[0098] The TFT substrate 110 and the facing substrate 130
which have been manufactured in such a manner are arranged
opposite to each other with spacers (not illustrated) inter-
posed in between, and the liquid crystal 140 is filled in the
interstice between the substrates. The dielectric anisotropy of
the liquid crystal 1401is negative. Subsequently, the polarizers
141a and 1415 are joined to the two sides of the liquid crystal
panel 140, and a drive circuit and the backlight (not illus-
trated) are additionally attached thereto. Thus, the liquid crys-
tal display device according to this embodiment is completed.

Second Embodiment

[0099] 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 struc-
tures 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.

[0100] Inthe case of this embodiment, a buffer capacitance
2101s configured of a buffer capacitance lower electrode 211,
a buffer capacitance upper electrode 212 and a second insu-
lating film 121. The buffer capacitance lower electrode 211
and a drainelectrode 118q ofa TFT 118 are formed integrally.
The buffer capacitance upper electrode 212 1s formed at the
same time as sub-picture element electrodes 122a and 1225
are formed, and is made of a transparent electric conductor
such 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 capaci-
tance 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.

[0101] 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
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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. 13 A. The other method is that of supplying the
display signals each having an alternating polarity to picture
elements neighboring in the horizontal and vertical direc-
tions, as shown in FIG. 13B. In addition, usually, the polari-
ties of the display signals to be supplied respectively to the
picture elements are alternated 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.

[0102] In the case of the liquid crystal display device
according to this embodiment, when a scanning signal sup-
plied 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
transferred to an auxiliary capacitance electrode 120 and the
sub-picture element electrodes 122a and 1225. In this respect,
it is supposed that the display signal with the positive polarity
is supplied to the mth data bus line 115.

[0103] Thereafter, when the scanning signal becomes inac-
tive 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 122¢ and 1225.
[0104] 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 electrode 1224 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 aresult, 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
inhibits a phenomenon in which the screen looks whitish
when the screen is looked at in a diagonal direction (wash-
out).

[0105] Itshould benoted that an amount ofthe voltage drop
in the sub-picture element electrode 122a depends on the
capacitance value of the buffer capacitance 210 and the volt-
age ofthe display signal supplied to the (m+1)th data bus line
115.

[0106] In the case of this embodiment, as well, the TFTs
116 and 117 are tumed on in each frame, and both of the
sub-picture element electrodes 122q 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 element electrode 1224 and 1225 by the sig-
nals supplied respectively 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 embodi-
ment has an effect that display unevenness stemming from the
photolithography step is inhibited from occurring in compari-
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son 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.

[0107] 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 con-
tact hole 213. However, the buffer capacitance upper elec-
trode 212 and the (m+1)th gate bus line 115 may be capaci-
tance-coupled to each other.

[0108] In addition, in a case where, as shown in F1G. 13B,
display signals with the alternating polarities are supplied
respectively to picture elements neighboring in the vertical
and horizontal directions, it suffices that the buffer capaci-
tance upper electrode 212 is connected to the mth data bus
line 115.

[0109] 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
electrode 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
1186 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

[0110] 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
difference 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. 7and 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.

[0111] In the case of this embodiment, a source electrode
118a and a drain 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 con-
nected 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 ele-
ment electrodes 122¢ and 1225 are formed. In the case of this
embodiment, as shown in FIG. 17, a buffer capacitance 230 is
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configured ofthe buffer capacitance electrode 231, a common
electrode 133, and liquid crystal 140 in between.

[0112] Descriptions will be provided below for an opera-
tion of the liquid crystal display device according to this
embodiment.

[0113] In the case of this embodiment, too, when a scan-
ning 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 nth data bus line 115 is transferred to an
auxiliary capacitance electrode 120, and sub-picture element
electrodes 122¢ and 1225.

[0114] Subsequently, when the scanning signal becomes
inactive and thus the TFTs 116 and 117 are turned off, voltage
depending on the display signal is held in each of the sub-
picture element electrodes 122a and 1225 Liquid crystal
molecules are tilted at an angle depending on the voltage held
in each of the sub-picture elements 122a and 1225. Accord-
ingly, an amount of light depending on the tilt angle is trans-
mitted through the picture element.

[0115] 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 1224
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 122a depends on the volt-
age of the display signal and the capacitance value of the
buffer capacitance 230.

[0116] In the case of this embodiment, too, the TFTs 116
and 117 are turned on, and thus both of the sub-picture ele-
ment electrodes 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 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 1224 and 1226 by the signals
supplied respectively 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;
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10
a buffer capacitance formed in each of the picture ele- signal of the mth data bus line to the second sub-picture
ments; element electrode in the nth row and the mth column
a first transistor which is driven by a scanning signal of an while the second transistor is on; and
nth gate bus line (n is an integer), and which transfers a a third transistor which is connected between the first sub-
display signal of an mth data bus line (m is an integer) to picture element electrode in the nth row and the mth
the first sub-picture element electrode in an nth row and column and the buffer capacitance, and which is driven
an mth column while the first transistor is on; by a scanning signal of a (n+1)th gate bus line.

a second transistor which is driven by the scanning signal
of the nth gate bus line, and which transfers the display ok ok k%



THMBW(EF)

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

FRI&RBHA

RHAA

LR
HAEREEEE

E)

RBEREKE

US20100309417A1

US12/820175

LR K ER
BJIITETABUYA
EATSUYOSHI

AN AL I N
BJIITETSUYA
iEETSUYOSHI

LR K ER
BJIITETSUYA
EATSUYOSHI

KOSUGI SHUNTARO
FUJIKAWA TETSUYA
KAMADA TSUYOSHI

KOSUGI, SHUNTARO
FUJIKAWA, TETSUYA
KAMADA, TSUYOSHI

GO02F1/1337

2010-12-09

2010-06-22

patsnap

GO02F1/133707 GO2F1/13624 G02F1/1393 G09G2320/0233 G09G3/3614 G09G2320/0204 G02F2001

/134345

2005157641 2005-05-30 JP

Espacenet USPTO

ESMEENKRE-NE-FHRELH , EHOANE—FE=TFT;
B A TFTHIEMA SRR NE ST E=TFTHISMASE

(n+1) MRELENESTEN,E—FHREBREEE—ME=TFT;E=
PG AR S TR, E S TFTH R B h e ey L iz OB
PR FHEAREE (n+1) MRELERE,

101 100
N /
Dst
102
. Doixy 4
Gk g
7 LI 108 [
L) OO0 - O
Gsl ol N '
. 111 H
11104
r~115 —41-115
103 —
000 O



https://share-analytics.zhihuiya.com/view/1e95c5d3-7516-4c8a-9eb4-70224d9331d5
https://worldwide.espacenet.com/patent/search/family/037552322/publication/US2010309417A1?q=US2010309417A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100309417%22.PGNR.&OS=DN/20100309417&RS=DN/20100309417

