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(57) ABSTRACT

A sub picture element electrode directly connected to a thin
film transistor is disposed between a floating sub picture
element electrode capacitively coupled to a control electrode
and a gate bus line in order to prevent injection of electric
charges from the gate bus line to the floating sub picture
element electrode. Moreover, a shield pattern electrically
connected to an auxiliary capacitance bus line is formed
between the floating sub picture element electrode and a data
bus line. This shield pattern avoids injection of electric
charges from the data bus line to the floating sub picture
element electrode.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF PREVENTING IMAGE STICKING
THEREON

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority of
Japanese Patent Application No. 2004-220263, filed on Jul.
28,2004, the entire contents of which are being incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device including a plurality of sub picture element
electrodes in one picture element region, and to a method of
preventing image sticking thereon. More specifically, the
present invention relates to such a liquid crystal display
device in which at least one of the sub picture element
electrodes is capacitively coupled with a control electrode to
which a display voltage is applied, and to a method of
preventing image sticking thereon.

[0004] 2. Description of the Prior Art

[0005] As compared to a cathode ray tube (CRT), liquid
crystal display devices have advantages that they are thin,
lightweight, as well as have low voltage drive capability and
low power consumption. For this reason, liquid crystal
display devices are applied to various electronic devices
including televisions, notebook personal computers (PCs),
desktop PCs, personal digital assistants (PDAs), cellular
telephones, and the like. In particular, an active matrix liquid
crystal display device provided with thin film transistors
(TFTs) as switching elements for respective picture elements
(sub pixels) exerts excellent display characteristics almost
equal to a CRT owing to high driving performances. Accord-
ingly, active matrix liquid crystal display devices are now
used in various fields, such as desktop PCs and televisions,
where CRTs have been conventionally applied.

[0006] In general, a liquid crystal display device includes
two substrates and liquid crystal which is sealed between
these substrates. Picture element electrodes, TFTs, and the
like are formed for respective picture elements on one of the
substrates. Meanwhile, color filters opposed to the picture
element electrodes, and a common electrode common to the
respective picture elements are formed on the other sub-
strate. The color filters include three types of red (R), green
(G), and blue (B), and a color filter in one of these colors is
disposed at each of the picture elements. The three picture
elements in red (R), green (G), and blue (B), which are
disposed adjacently to one another, collectively constitute
one pixel. In this specification, the substrate including
formation of the picture element electrodes and the TFTs
will be hereinafter referred to as a TFT substrate, and the
substrate to be disposed opposite to the TET substrate will
be hereinafter referred to as a counter substrate. Moreover,
a structure formed by sealing the liquid crystal between the
TFT substrate and the counter substrate will be hereinafter
referred to as a liquid crystal panel.

[0007] Conventionally, a twisted nematic (TN) liquid
crystal display device, which is configured to seal horizontal
alignment type liquid crystal (liquid crystal having positive
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dielectric constant anisotropy) between two substrates and to
subject liquid crystal molecules to twisted alignment, has
been widely used. However, the twisted nematic liquid
crystal display device has a disadvantage of a poor view
angle characteristic where contrast and color tone vary
largely when a screen is viewed from an inclined angle. For
this reason, a multi-domain vertical alignment (M VA) liquid
crystal display device having a fine view angle characteristic
has been developed and put into practical use.

[0008] FIG. 1A and FIG. 1B are schematic cross-sec-
tional views showing an example of a MVA liquid crystal
display device. A TFT substrate 10 and a counter substrate
20 are disposed opposite to each other while sandwiching
spacers (not shown), and vertical alignment type liquid
crystal (liquid crystal having negative dielectric constant
anisotropy) 30 is sealed between these substrates 10 and 20.
Picture element electrodes 12 on the TFT substrate 10 are
provided with slits 12a serving as domain regulating struc-
tures to determine directions of inclinations of liquid crystal
molecules upon application of a voltage. Surfaces of the
picture element electrodes 12 are covered with a vertical
alignment film 14 made of polyimide, for example.

[0009] A plurality of protrusions 23 in the shape of
mounds are formed below a common electrode 22 of the
counter substrate 20 as domain regulating structures. As
shown in FIG. 1A, these protrusions 23 are disposed in
positions which are shifted in oblique directions relative to
the slits 12a on the substrate 10. Surfaces of the common
electrode 22 and the protrusions 23 are also covered with a
vertical alignment film 24 made of polyimide, for example.

[0010] Polarizing plates (not shown) are disposed below
the TET substrate 10 and above the counter substrate 20,
respectively. These polarizing plates are disposed so as to set
absorptions axes orthogonal to each other.

[0011] Inthe MVAliquid crystal display device having the
above-described configuration, when a voltage is not applied
between the picture element electrodes 12 and the common
electrode 22, most of liquid crystal molecules 30a are
aligned perpendicularly to the surfaces of the substrates.
However, the liquid crystal molecules 30¢ in the vicinity of
the protrusions 23 are aligned perpendicularly to inclined
surfaces of the protrusions 23. In this case, light entering a
liquid crystal layer from a bottom of the TFT substrate 10
through the polarizing plate is transmitted through the liquid
crystal layer while not changing the direction of polariza-
tion, and is then shielded by the other polarizing plate above
the counter substrate 20. In short, a black display is achieved
in this case.

[0012] When a given voltage is applied between the
picture element electrodes 12 and the common electrode 22,
the liquid crystal molecules 30a are aligned obliquely to the
surfaces of the substrates due to an influence of an electric
field. In this case, as shown in FIG. 1B, the directions of
inclination of the liquid crystal molecules 30 are different
on two sides of each slit 12a or each protrusion 23. In this
way, so-called alignment division (or multi-domains) is
achieved. When the liquid crystal molecules 30g are aligned
obliquely to the surfaces of the substrates as shown in FIG.
1B, the light which enters the liquid crystal layer from the
bottom of the TFT substrate 10 through the polarizing plate
changes the direction of polarization and is transmitted
through the polarizing plate above the counter substrate 20.
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The amount of the light transmitted through the polarizing
plates depends on the voltage applied between the picture
element electrodes 12 and the common electrode 22.

[0013] Inthe MVA liquid crystal display device, since the
directions of inclination of the liquid crystal molecules 304
are different on the two sides of each slit 12a or each
protrusion 23 upon application of the voltage as shown in
FIG. 1B. Accordingly, leakage of the light in oblique
directions is suppressed and an excellent view angle char-
acteristic is obtained.

[0014] Although the above example explains the case
where the protrusions and the slits constitute the domain
regulating structures, there is also a case where recesses
(grooves) on the surface of the substrate are used as the
domain regulating structures. Moreover, although FIG. 1A
and FIG. 1B describes the example in which the domain
regulating structures are formed on both of the TFT substrate
10 and the counter substrate 20, it is also possible to form the
domain regulating structures only on one of the TFT sub-
strate 10 and the counter substrate 20.

[0015] Incidentally, the conventional MVA liquid crystal
display device causes a phenomenon in which a screen
seems slightly whiter when viewed from an oblique angle.
FIG. 2 is a graph showing transmittance-applied voltage
(T-V) characteristic when viewing a screen from front and
T-V characteristic when viewing the screen from above at an
angle of 60°, in which the lateral axis indicates the applied
voltage (V) and the longitudinal axis indicates the transmit-
tance. As shown in FIG. 2, when a voltage slightly higher
than a threshold voltage is applied (a region surrounded by
a circle in the graph), the transmittance when viewing the
screen obliquely becomes higher than the transmittance
when viewing the screen from front. On the contrary, when
the applied voltage is increased to a certain level, the
transmittance when viewing the screen obliquely becomes
lower than the transmittance when viewing the screen from
front. For this reason, differences in luminance among a red
picture element, a green picture element, and a blue picture
element are reduced when viewing the screen from
obliquely, and resultantly, the phenomenon of the whiter
screen occurs as described previously. This phenomenon is
called wash out. Wash out occurs not only in the M VA liquid
crystal display device but also in the TN liquid crystal
display device.

[0016] The U.S. Pat. No. 4,840,460 Specification dis-
closed a technique to divide one picture element into a
plurality of sub picture elements and to subject the sub
picture element to capacitive coupling. In such a liquid
crystal display device, electric potential is divided depend-
ing on capacity ratios among the respective sub picture
elements. Accordingly, it is possible to apply different
amounts of voltages to the respective sub picture elements.
Therefore, one picture element appears to include a plurality
of regions having different threshold values in terms of the
T-V characteristic. When one picture element includes the
plurality of regions having different threshold values in
terms of the T-V characteristic, it is possible to suppress the
phenomenon that the transmittance when viewing the screen
obliquely becomes higher than the transmittance when view-
ing the screen from front, and thereby to suppress the
phenomenon of the whiter screen (wash out). The above-
described method of improving a display characteristic by
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means of dividing one picture element into the plurality of
capacitively coupled sub picture elements is called a half-
tone gray scale (HT) method applying capacitive coupling.
Note that the liquid crystal display device disclosed in U.S.
Pat. No. 4,840,460 is a TN liquid crystal display device.

[0017] FIG.3is aplan view showing an example of a TFT
substrate in a liquid crystal display device configured to
achieve the HT method applying capacitive coupling, and
FIG. 4 is a cross-sectional view taken along the I-I line in
FIG. 3.

[0018] On a glass substrate 51 constituting a base of the
TFT substrate, there are formed a plurality of gate bus lines
52 extending in a horizontal direction (an X direction) and
a plurality of data bus lines (drain bus lines) 55 extending in
a vertical direction (a Y direction). A rectangular region
defined by the gate bus lines 52 and the data bus lines 55
constitutes each picture element region. Meanwhile, on the
glass substrate 51, there are formed auxiliary capacitance
bus lines 53 disposed parallel to the gate bus lines 52 and
intersecting the center of the respective picture element
regions.

[0019] A first insulating film 54 is formed in a space
between each of the gate bus lines 52 and each of the data
bus lines 55 and in a space between each of the auxiliary
capacitance bus lines 53 and each of the data bus lines 55.
By using this first insulating film 54, the gate bus lines 52
and the data bus lines 55, and, the auxiliary capacitance bus
lines 53 and the data bus lines 35 are electrically insulated,
respectively.

[0020] A thin film transistor (TFT) 56, a control electrode
57, an auxiliary capacitance electrode 58, and sub picture
element electrodes 61a and 61b are formed in each picture
element region. As shown in FIG. 3, the TFT 56 applies part
of the gate bus line 52 as a gate electrode. Moreover, as
shown in FIG. 4, a semiconductor film 56a constituting an
active layer for the TFT 56 is formed above the gate bus line
52, and a channel protection film 565 is formed on this
semiconductor film 56a.

[0021] A drain electrode 564 of the TFT 56 is connected
to the data bus line 55, and a source ¢lectrode 56s thereof is
disposed in a position opposed to the drain electrode 56d
while sandwiching the gate bus line 52. Moreover, the
auxiliary capacitance electrode 58 is formed in a position
opposed to the auxiliary capacitance bus line 53 while
sandwiching the first insulating film 54. Furthermore, as
shown in FIG. 3, the control electrode 57 is electrically
connected to the source electrode 56s and to the auxiliary
capacitance electrode 58 through a line 59.

[0022] The data bus lines 55, the TFT 56, the control
electrode 57, the auxiliary capacitance electrode 58, and the
line 59 are covered with a second insulating film 60, and the
sub picture element electrodes 61¢ and 615 are formed on
the second insulating film 60. The sub picture element
electrode 61« is capacitively coupled to the control electrode
57 while sandwiching the second insulating film 60. Mean-
while, the sub picture element electrode 61b is electrically
connected to the auxiliary capacitance electrode 58 through
a contact hole 60a which is formed on the second insulating
film 60. Surfaces of the sub picture element electrodes 61a
and 61b are covered with an alignment film 62.

[0023] In the meantime, as shown in FIG. 4, the counter
substrate includes a color filter 72 formed on one of surfaces
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(which is on the lower side in FIG. 4) of a glass substrate
71 constituting a base, a common electrode 73 formed on the
color filter 72, and an alignment film 74 covering a surface
of the common electrode 73.

[0024] The TFT substrate and the counter electrode are
disposed opposite to each other while sandwiching spacers
(not shown). Then, liquid crystal 80 is sealed between the
TFT substrate and the counter substrate.

[0025] 1In a case of a transmissive liquid crystal display
device, the sub picture element electrodes 61a and 61b are
made of a transparent conductive material such as indium-
tin oxide (ITO). On the other hand, in a case of a reflective
liquid crystal display device, the sub picture element elec-
trodes 61a and 615 are made of a highly reflective material
such as aluminum.

[0026] FIG. 5 is an equivalent circuit diagram showing
one picture element in a liquid crystal display device includ-
ing the above-described TFT substrate. In FIG. 5, reference
code C;, denotes a capacitance composed of the sub
picture element electrode 615 and the common electrode 73,
reference code C_ denotes a capacitance composed of the
auxiliary capacitance electrode 58 and the auxiliary capaci-
tance bus line 53, reference code C, denotes a capacitance
composed of the sub picture element electrode 61a and the
control electrode 57, and reference code C; o, denotes a
capacitance composed of the sub picture element electrode
61a and the common electrode 73. As shown in FIG. 5, a
voltage is divided by the capacitance C, .,, which is formed
between the sub picture element electrode 61a and the
common electrode 73, and the control capacitance C.
Accordingly, when a voltage applied to the sub picture
clement clectrode 615 is V., a voltage V., to be applied
to the sub picture element electrode 61a will be calculated
by the following formula (1):

Ce ¢9)

Vo= ——— XV
px. px.
Cc+Cre2

[0027] Although an actual voltage ratio (V,.o/V,.,) is a
design item for a display characteristic of a liquid crystal
display device, it is considered ideal that the voltage ratio is

in a range approximately from 0.6 to 0.8.

[0028] A sub picture element electrode to which a display
voltage is applied through capacitive coupling, such as the
sub picture element electrode 61a, will be hereinafter
referred to as a floating sub picture element electrode.
Meanwhile, a sub picture element electrode electrically
connected to a TFT through a low-resistance conductive
body (a line, for example), such as the sub picture element
electrode 61D, will be hereinafter referred to as a sub picture
element electrode directly connected to the TFT.

[0029] As shown in FIG. 6, Japanese Patent No. 3076938
Specification (equivalent to Japanese Unexamined Patent
Publication No. 5(1993)-66412) discloses a TN liquid crys-
tal display device in which a picture element electrode is
divided into a plurality (which is equal to four in FIG. 6) of
sub picture element electrodes 91a to 91d and control
electrodes 92a to 92d are respectively disposed below the
sub picture element electrodes 91a to 91d through an
insulating film. In this liquid crystal display device, display
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voltages are applied to the control electrodes 92¢ to 92d
through a TFT 90. Since the sizes of the respective control
electrodes 92a to 92d are different from one another, the
voltages to be applied to the sub picture element electrodes
91a to 91d are also mutually different. Accordingly, it is
possible to obtain an effect attributable to the HT method,
namely, an effect to suppress wash out. Here, to avoid
leakage of light from a space between any of the sub picture
element electrodes 914 to 91d, another control electrode 93
is also disposed in the space between any of the sub picture
element electrodes 91a to 91d.

[0030] However, the inventors of the present invention
have carried out experiments and researches and have found
out that a liquid crystal display device including the above-
described conventional floating sub picture element elec-
trodes caused deterioration in the display characteristic
attributable to image sticking.

[0031] FIG. 7A to FIG. 7C and FIG. 8 are schematic
diagrams showing a testing method for measuring a degree
of image sticking. Firstly, a black and white checker pattern
as shown in FIG. 7A is displayed on a liquid crystal display
device continuously for a certain period. Thereafter, a half-
tone pattern as shown in FIG. 7B is displayed on the entire
screen of the liquid crystal display device. In this case, when
image sticking occurs on the screen, the checker pattern
becomes dimly visible as shown in FIG. 7C. After switching
from the checker pattern display to the halftone display,
luminance is measured along the X-X line in FIG. 7C, for
example. Then, assuming that luminance in a dark portion is
“a” and a difference in luminance between the dark portion
and a bright portion is “b” as shown in FIG. 8, an image
sticking ratio defined as 100xb/(a+b) will be calculated.

[0032] An image sticking ratio of a liquid crystal display
device not including the floating sub picture element elec-
trodes and an image sticking ratio of a liquid crystal display
device including the floating sub picture element electrodes
were measured in accordance with the above-described
method. As a result, the image sticking ratio of the liquid
crystal display device not including the sub picture element
electrodes was equal to or less than 5%. On the contrary, the
image sticking ratio of the liquid crystal display device
including the sub picture element electrodes was equal to or
more than 10%.

SUMMARY OF THE INVENTION

[0033] In consideration of the foregoing problem, it is an
object of the present invention to provide a liquid crystal
display device applying the capacitive coupling HT method
for suppressing wash out, which is capable of preventing
occurrence of image sticking, and to provide a method of
preventing the image sticking.

[0034] The above-described problem will be solved by a
liquid crystal display device having first and second sub-
strates disposed opposite to each other, a liquid crystal
sealed between the first and second substrates, a gate bus
line and a data bus line formed on the first substrate, a thin
film transistor connected to the gate bus line and the data bus
line, a plurality of sub picture element electrodes formed in
a picture element region defined by the gate bus line and the
data bus line, and a control electrode capacitively coupled to
at least one of the plurality of sub picture element electrodes
and to which a display voltage is applied from the data bus
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line through the thin film transistor. Here, the liquid crystal
display device includes a shield member for electrically
shielding connection between the sub picture element elec-
trode capacitively coupled to the control electrode and at
least any of the gate bus line and the data bus line.

[0035] In the present invention, connection between the
sub picture element electrode, which is capacitively coupled
to the control electrode, and at least any of the gate bus line
and the data bus line is electrically shielded by the shield
member connected to an auxiliary capacitance bus line that
is maintained at constant electric potential, for example. In
this way, by shielding the sub picture element electrode
capacitively coupled to the control electrode by use of the
shield member, it is possible to avoid injection of charges
either from the gate bus line or from the data bus line to the
sub picture element electrode. As a result, image sticking is
prevented.

[0036] It is also possible to use a sub picture element
which is directly connected to the TFT as the shield member.
For example, by disposing the sub picture element electrode
directly connected to the TFT between the sub picture
element electrode capacitively coupled to the control elec-
trode and the gate bus line, it is possible to avoid injection
of electric charges from the gate bus line to the sub picture
element electrode capacitively coupled to the control elec-
trode.

[0037] The above-described problem will be solved by a
method of preventing image sticking on a liquid crystal
display device, which has first and second substrates dis-
posed opposite to each other, a liquid crystal sealed between
the first and second substrates, a gate bus line and a data bus
line formed on the first substrate, a thin film transistor
connected to the gate bus line and the data bus line, a
plurality of sub picture element electrodes formed in a
picture element region defined by the gate bus line and the
data bus line, a control electrode capacitively coupled to at
least one of the plurality of sub picture element electrodes
and to which a display voltage is applied from the data bus
line through the thin film transistor, and a common electrode
formed on the second substrate and opposed to the plurality
of sub picture element electrodes on the first substrate. Here,
assuming that central electric potential of the data bus line
relative to electric potential of the common electrode is V.,
that central electric potential of the gate bus line relative to
the electric potential of the common electrode is V,q,, that
a resistance between the sub picture element electrode
capacitively coupled to the control electrode and the data
bus line is R, and that a resistance between the sub picture
element electrode capacitively coupled to the control elec-
trode and the gate bus line is Ry, the method includes the
step of setting a position and a shape of the sub picture
element electrode capacitively coupled to the control elec-
trode so as (o satisfy that V.-V 4.XRp/Rg is approxi-
mately equal to zero.

[0038] To maintain the TFT to an off state, a negative
voltage is applied to the gate bus line in the majority of a
frame period. Meanwhile, a positive direct-current voltage is
superposed with a signal flowing on the data bus line in
order to compensate a feed through voltage. Therefore, it is
possible to prevent image sticking by setting the position
and the shape of the sub picture element electrode (the sub
picture element electrode capacitively coupled to the control
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electrode) such that an influence of a direct-current voltage
component of the signal flowing on the data bus line (that is,
the central electric potential of the data bus line relative to
the electric potential of the common electrode) and an
influence of a direct-current voltage component of a signal
flowing on the gate bus line (that is, the central electric
potential of the gate bus line relative to the electric potential
of the common electrode) cancel each other, i.c., so as to
satisfy that Vg, -V, xR/R; is approximately equal to
Zero.

[0039] The above-described problem will be solved by a
liquid crystal display device having first and second sub-
strates disposed opposite to each other, a liquid crystal
sealed between the first and second substrates, a gate bus
line and a data bus line formed on the first substrate, a thin
film transistor connected to the gate bus line and the data bus
line, a plurality of sub picture element electrodes formed in
a picture element region defined by the gate bus line and the
data bus line, a control electrode capacitively coupled to at
least one of the plurality of sub picture element electrodes
and to which a display voltage is applied from the data bus
line through the thin film transistor, and a common electrode
formed on the second substrate and opposed to the plurality
of sub picture element electrodes on the first substrate. Here,
the sub picture element electrode capacitively coupled to the
control electrode is connected to the sub picture element
electrode connected to the thin film transistor through a
resistor.

[0040] In the present invention, the sub picture element
electrode capacitively coupled to the control electrode (the
floating sub picture element electrode) is connected to the
sub picture element electrode directly connected to the thin
film transistor through the high-resistance resistor made of
amorphous silicon, for example. In this way, a value of
resistance between the floating sub picture element electrode
and the control electrode is reduced and a direct-current
voltage remaining in a liquid crystal layer is reduced,
whereby occurrence of image sticking is prevented. How-
ever, if the value of resistance of the resistor is too low, an
electric current will flow between the floating sub picture
element electrode and the sub picture element electrode
directly connected to the TFT and an electric potential
difference is reduced. Accordingly, the effect of preventing
wash out will be reduced.

[0041] The above-described problem will be solved by a
liquid crystal display device having first and second sub-
strates disposed opposite to each other, a liquid crystal
sealed between the first and second substrates, a gate bus
line and a data bus line formed on the first substrate, a thin
film transistor connected to the gate bus line and the data bus
line, a plurality of sub picture element electrodes formed in
a picture element region defined by the gate bus line and the
data bus line, a control electrode capacitively coupled to at
least one of the plurality of sub picture element electrodes
and to which a display voltage is applied from the data bus
line through the thin film transistor, and an auxiliary capaci-
tance bus line maintained at constant electric potential and
constituting an auxiliary capacitance together with the con-
trol electrode. Here, the liquid crystal display device
includes a switching element to be driven by a signal flowing
on a different gate bus line from the gate bus line to which
the thin film transistor is connected, the switching element
being provided in any of a location between the sub picture
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element electrode capacitively coupled to the control elec-
trode and the auxiliary capacitance bus line or a location
between the sub picture element electrode capacitively
coupled to the control electrode and the sub picture element
electrode connected to the thin film transistor.

[0042] In the present invention, the switching element is
disposed either between the floating sub picture element
electrode and the auxiliary capacitance bus line or between
the floating sub picture element electrode and the sub picture
element electrode directly connected to the thin film tran-
sistor, and the switching element is driven by the signal
flowing on the different gate bus line from the gate bus line
connected to the thin film transistor. In this way, electric
charges charged in the floating sub picture element electrode
at given timing flow either on the auxiliary capacitance bus
line or on the sub picture element electrode directly con-
nected to the TFT, and occurrence of image sticking is
thereby prevented.

[0043] The above-described problem will be solved by a
method of preventing image sticking on a liquid crystal
display device having first and second substrates disposed
opposite to each other, a liquid crystal sealed between the
first and second substrates, a gate bus line and a data bus line
formed on the first substrate, a thin film transistor connected
to the gate bus line and the data bus line, a plurality of sub
picture element electrodes formed in a picture element
region defined by the gate bus line and the data bus line, a
control electrode capacitively coupled to at least one of the
plurality of sub picture element electrodes and to which a
display voltage is applied from the data bus line through the
thin film transistor, an auxiliary capacitance bus line main-
tained at constant electric potential and constituting an
auxiliary capacitance together with the control electrode,
and a common electrode formed on the second substrate and
opposed to the plurality of sub picture element electrodes on
the first substrate. Here, the method includes the step of
forming a second auxiliary capacitance parallel to a capaci-
tance between the sub picture element electrode capacitively
coupled to the control electrode and the common electrode.

[0044] One of the reasons why the electric potential dif-
ference occurs between the floating sub picture element
electrodes in a white display portion and in a black display
portion is variation in a liquid crystal capacitance. Accord-
ingly, in the present invention, the second auxiliary capaci-
tance is formed parallel to the liquid crystal capacitance to
reduce an influence by the variation in the liquid crystal
capacitance.

[0045] Normally, the auxiliary capacitance bus line is
maintained either at the same electric potential as that of the
common electrode or at constant electric potential relative to
the common electrode. Therefore, when an auxiliary capaci-
tance electrode is formed between the floating sub picture
element electrode and the auxiliary capacitance bus line and
this auxiliary capacitance electrode is connected to the
floating sub picture element electrode, for example, it is
equivalent to formation of the second auxiliary capacitance
parallel to the liquid crystal capacitance. In this way, it is
possible to avoid occurrence of image sticking.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1A and FIG. 1B are schematic cross-sec-
tional views showing an example of a MVA liquid crystal
display device.
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[0047] FIG. 2 is a graph showing transmittance-applied
voltage (T-V) characteristic when viewing a screen of a
liquid crystal display device from front and T-V character-
istic when viewing the screen from above at an angle of 60°.

[0048] FIG. 3is aplan view showing an example of a TFT
substrate in a liquid crystal display device configured to
achieve the HT method applying capacitive coupling.

[0049] FIG. 4 is a cross-sectional view taken along the I-I
line in FIG. 3.
[0050] FIG. 5 is an equivalent circuit diagram showing

one picture element in the liquid crystal display device
shown in FIG. 3.

[0051] FIG. 6 is a plan view showing a liquid crystal
display device disclosed in Japanese Patent No. 3076938
Specification.

[0052] FIG. 7A to FIG. 7C are schematic diagrams (No.
1) showing a testing method for measuring a degree of
image sticking.

[0053] FIG. 8 is a schematic diagram (No. 2) showing the
testing method for measuring the degree of image sticking.

[0054] FIG. 9 is a plan view showing one picture element
in a liquid crystal display device including a floating sub
picture element electrode.

[0055] FIG. 10A is a schematic cross-sectional view taken
along the II-IT line in FIG. 9, FIG. 10B is a schematic
cross-sectional view taken along the III-III III line in FIG.
9, FIG. 10C is a schematic cross-sectional view taken along
the IV-IV line in FIG. 9, and FIG. 10D is a schematic
cross-sectional view taken along the V-V line in FIG. 9.

[0056] FIG. 11 is an equivalent circuit diagram showing a
sub picture element electrode including a floating sub pic-
ture element electrode.

[0057] FIG.12 is a graph showing a relation between AVs
and AV; ., when a display voltage is applied to a liquid
crystal layer (when liquid crystal is turned on), and a relation
between AVs and AV, ., when the display voltage is not
applied to the liquid crystal layer (when the liquid crystal is
turned off).

[0058] FIG. 13 is a plan view showing a liquid crystal
display device according to a first embodiment of the present
invention.

[0059] FIG. 14A is a cross-sectional view taken along the
VI-VI line in FIG. 13, and FIG. 14B is a cross-sectional
view taken along the VII-VII line in FIG. 13.

[0060] FIG. 15 is a plan view showing a liquid crystal
display device according to a first modified example of the
first embodiment.

[0061] FIG. 16 is a cross-sectional view taken along the
VII-VII line in FIG. 15.

[0062] FIG. 17 is a plan view showing a liquid crystal
display device according to a second modified example of
the first embodiment.

[0063] FIG. 18 is a cross-sectional view taken along the
IX-IX line in FIG. 17.
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[0064] FIG. 19 is a plan view showing a liquid crystal
display device according to a third modified example of the
first embodiment.

[0065] FIG. 20 is a cross-sectional view taken along the
X-X line in FIG. 19.

[0066] FIG. 21 is a plan view showing a liquid crystal
display device according to a fourth modified example of the
first embodiment.

[0067] FIG. 22 is a plan view showing a liquid crystal
display device according to a fifth modified example of the
first embodiment.

[0068] FIG. 23 is a plan view showing a liquid crystal
display device according to a sixth modified example of the
first embodiment.

[0069] FIG. 24 is a plan view showing a liquid crystal
display device according to a seventh modified example of
the first embodiment.

[0070] FIG. 25 is a view showing the principle of a second
embodiment of the present invention.

[0071] FIG. 26 is a graph showing a relation between
R /R, and final attainment electric potential of a floating sub
picture element electrode.

[0072] FIG. 27 is a schematic plan view showing a picture
element portion of a liquid crystal display device showing a
method of adjusting resistance between a floating sub pic-
ture element electrode and a gate bus line and resistance
between the floating sub picture element electrode and a data
bus line.

[0073] FIG. 28 is a schematic cross-sectional view show-
ing the picture element of FIG. 27.

[0074] FIG. 29 is a graph showing results of calculations
of dependencies (DC voltage magnifications) of image stick-
ing voltages on a resistor R, between a control electrode and
a floating sub picture element electrode and on a resistor
R _ between the floating sub picture element clectrode and
a common electrode.

[0075] FIG. 30 is a table showing the results illustrated in
FIG. 29.
[0076] FIG. 31 is a graph showing relations between

R /R;, and electric potential differences of sub picture
element electrodes at a white display portion and at a black
display portion.

[0077] FIG. 32 is an equivalent circuit diagram showing
a floating sub picture element electrode and a sub picture
element directly connected to a TFT.

[0078] FIG. 33 is a graph showing a relation between a
resistor R, which is located between the floating sub picture
element electrode and the sub picture element directly
connected to the TFT, and a voltage retention rate in one
frame period (t=16.6 msec).

[0079] FIG. 34 is a plan view showing a TFT substrate in
a liquid crystal display device according to a third embodi-
ment of the present invention.

[0080] FIG. 35 is a cross-sectional view of the TFT
substrate shown in FIG. 34.
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[0081] FIG. 36 is a plan view showing a liquid crystal
display device according to a first modified example of the
third embodiment.

[0082] FIG. 37 is a cross-sectional view showing the
liquid crystal display device of FIG. 36.

[0083] FIG. 38 is a plan view showing a liquid crystal
display device according to a fourth embodiment of the
present invention.

[0084] FIG. 39 is a cross-sectional view taken along the
XI-XI line in FIG. 38.

[0085] FIG. 40 is an equivalent circuit diagram showing
one picture element in the liquid crystal display device
according to the fourth embodiment.

[0086] FIG. 41 is a plan view showing a liquid crystal
display device according to a first modified example of the
fourth embodiment.

[0087] FIG. 42 is an equivalent circuit diagram showing
one picture element in the liquid crystal display device
according to the first modified example of the fourth
embodiment.

[0088] FIG. 43 is a circuit diagram of a picture element
showing the principle of a fifth embodiment of the present
invention.

[0089] FIG. 44 is a graph showing relations between
R /R, and clectric potential differences of floating sub
picture element electrodes at a white display portion and at
a black display portion.

[0090] FIG. 45 is a plan view showing a liquid crystal
display device according to the fifth embodiment.

[0091] FIG. 46 is a cross-sectional view taken along the
XII-XII line in FIG. 45.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0092] Now, the present invention will be described fur-
ther in detail.

[0093] Normally, image sticking on a liquid crystal dis-
play device is attributable to existence of direct-current
voltage components in signals flowing on a gate bus line, a
data bus line, and the like, and variation in CR values (values
of a liquid crystal capacitance and a liquid crystal resistor)
of a liquid crystal layer between a white display mode and
a black display mode as a consequence. In the following, the
reason why the image sticking occurs in a liquid crystal
display device including a floating sub picture element
electrode will be described.

[0094] FIG. 9 is a plan view showing one picture element
in a liquid crystal display device including a floating sub
picture element electrode. Meanwhile, FIG. 10A is a sche-
matic cross-sectional view taken along the II-II line in FIG.
9, FIG. 10B is a schematic cross-sectional view taken along
the III-III line in FIG. 9, FIG. 10C is a schematic cross-
sectional view taken along the IV-IV line in FIG. 9, and
FIG. 10D is a schematic cross-sectional view taken along
the V-V line in FIG. 9.

[0095] In the liquid crystal display device shown in FIG.
9, it is possible to consider that C; , and R; ., are connected
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in parallel between a sub picture element electrode (a
floating sub picture element electrode) 61a and a common
electrode 73 as shown in FIG. 10A. Here, reference code
C _ denotes a capacitance between the sub picture element
electrode 61¢ and the common electrode 73, and reference
code R; ., denotes a resistance between the sub picture
element electrode 61a and the common electrode 73.

[0096] Moreover, it is also possible to consider that C,.,
and R, ¢ are connected in parallel between the sub picture
element electrode 61a and a gate bus line 52. Here, reference
code Cg,» denotes a capacitance between the sub picture
element electrode 61a and the gate bus line 52, and reference
code R, denotes a resistance between the sub picture
element electrode 61a and the gate bus line 52.

[0097] Meanwhile, it is also possible to consider that C; -,
and R, ; are connected in parallel between a sub picture
element electrode (a sub picture element electrode directly
connected to a thin film transistor (TFT) 56) 615 and the
common electrode 73 as shown in FIG. 10B. Here, refer-
ence code C;., denotes a capacitance between the sub
picture element electrode 61b and the common electrode 73,
and reference code R;; denotes a resistance between the
sub picture element electrode 615 and the common electrode
73.

[0098] Moreover, it is also possible to consider that C
and R, are connected in parallel between the sub picture
element electrode 61b and the gate bus line 52. Here,
reference code C,,,; denotes a capacitance between the sub
picture element electrode 615 and the gate bus line 52, and
reference code R, denotes a resistance between the sub
picture element electrode 615 and the gate bus line 52.

[0099] To maintain the TFT 56 to an off state for most of
time in one field period, a direct-current voltage (V.z),
which is lower by about -12 V than electric potential of the
common electrode 73, is applied to the gate bus line 52.
Electric charges corresponding to this direct-current voltage
are accumulated in the sub picture element electrodes 61a
and 61b through the capacitance C,,., and the resistance
R, & However, the TFT 56 is normally turned on once in
every field and the sub picture element electrode 61b is
electrically connected to a data bus line 55. Accordingly, the
electric charges charged in the sub picture element electrode
61b during the period when the TFT 56 is turned off will
flow toward the data bus line 55, and the direct-current
voltage component will not remain in the sub picture ele-
ment electrode 615. On the contrary, the electric charges
charged in the sub picture element electrode 6la will be
retained therein even if the TFT 56 is turned on. For this
reason, the direct-current voltage component will remain in
the sub picture element electrode 61a.

[0100] As shown in FIG. 10C, it is possible to consider
that C4,» and Ry, are connected in parallel between the
sub picture element electrode 61a and the data bus line 35.
Here, reference code C,,., denotes a capacitance between
the sub picture element electrode 61¢ and the data bus line
55, and reference code Ry, denotes a resistance between
the sub picture element electrode 61a and the data bus line
35

[0101] Moreover, as shown in FIG. 10D, it is also possible
to consider that Cy,; and Ry, are connected in parallel
between the sub picture element electrode 615 and the data
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bus line 35. Here, reference code C,,,; denotes a capaci-
tance between the sub picture element electrode 615 and the
data bus line 55, and reference code R, denotes a resis-
tance between the sub picture element electrode 615 and the
data bus line 55.

[0102] To compensate a feed through voltage, a direct-
current voltage, which is higher by about 1 to 2 V than the
electric potential of the common electrode 73, is superposed
with a display signal (an alternating-current signal) on the
data bus line 55. Electric charges corresponding to this
direct-current voltage are also accumulated in the sub pic-
ture element electrode 61a through the capacitance Cyyyo
and the resistance Ry,

[0103] However, as described above, the TFT 56 is turned
on once in every field and the sub picture element electrode
615 is electrically connected to the data bus line 55. Accord-
ingly, the electric charges charged in the sub picture element
electrode 615 during the period when the TFT 56 is turned
off will flow toward the data bus line 55 when the TFT 56
is turned on. For this reason, the direct-current voltage
component will not remain in the sub picture element
electrode 61b. On the contrary, the electric charges charged
in the sub picture element electrode 61a will be retained
therein even if the TFT 56 is turned on. For this reason, the
direct-current voltage component will remain in the sub
picture element electrode 61a.

[0104] As described above, while accumulation of the
direct-current voltage component is hardly observed in the
sub picture element electrode 61b directly connected to the
TFT 56, the electric charges are charged in the floating sub
picture element electrode 61a and the direct-current voltage
component remains therein.

[0105] Next, a relation between the electric charges
charged in the floating sub picture element electrode and the
image sticking will be described.

[0106] FIG. 11 is an equivalent circuit diagram showing a
sub picture element electrode including a floating sub pic-
ture element electrode. Here, a direct-current voltage com-
ponent between a control electrode and a common electrode
will be defined as AVs, an amount of charges in the floating
sub picture element electrode will be defined as Q, an
amount of charges in the common electrode will be defined
as Q1, and an amount of charges in the control electrode will
be defined as Q2. The values of Q1, Q2, and Q at a stationary
state after termination of a transient state will be calculated
by the following formulae (2a) to (2¢):

Rpce (2a)
= AVsx C
Ric2 + Re xAvsxte
Rc (2b)
2= ——— XAVsXxC,
Q; RLC2 " RC X SXCc
Q=02-01 (2¢)
—((Rpc2 xC —{RexCo)
_ ((Rpc2 X Crez) — (Re X Cc)) X AVs
Rrc2+ Re

[0107] Even if the direct-current voltage component AVs
is removed, a direct-current voltage component AV, -, as
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shown in the following formula (3) will remain in the liquid
crystal layer:

AV =-Q/Qrc2 ()

((Ree2XCre2) — (Re X Cc)
= XAVs
(Recz + Re) % Crez

[0108] Assuming that an area of a sub picture element
electrode is S and a cell thickness is d, the liquid crystal
capacitance C; ., will be expressed as C; ,=€(S/d). Here, e
is a dielectric constant of the liquid crystal. Since a dielectric
constant when liquid crystal molecules are aligned perpen-
dicularly to surface of substrates is different from a dielectric
constant when the liquid crystal molecules are aligned
horizontally, the values of the liquid crystal capacitance are
different between a picture element displaying a white
portion of a checker pattern and a picture element displaying
a black portion thereof. As a result, the values of the
direct-current voltage component AV, , to be applied to the
liquid crystal liquid layer are also different between these
picture elements. When the checker pattern display is
switched to a halftone display, the direct-current voltage
components remaining in the liquid crystal layer do not
change immediately. Therefore, a picture element displaying
white and a picture element displaying black have different
voltages to be applied to the liquid crystal layer. For this
reason, a light transmittance of the picture element display-
ing white is different from a light transmittance of the picture
element displaying black, and the image sticking is thereby
caused. Here, the image sticking occurring due to the
above-described reason will be decreased within a period
corresponding 1o a time constant between the sub picture
element electrode and either the control electrode or the
common electrode. However, it is necessary to reduce the
image sticking as much as possible in order to improve
display quality.

[0109] FIG. 12 is a graph showing a relation between AVs
and AV, ., when a display voltage is applied to the liquid
crystal layer (when the liquid crystal is turned on), and a
relation between AVs and AV, ., when the display voltage
is not applied to the liquid crystal layer (when the liquid
crystal is turned off), in which the lateral axis indicates the
direct-current voltage component AVs between the control
electrode and the common electrode and the longitudinal
axis indicates the direct-current voltage component AVj
which remains in the liquid crystal layer. Here, it is to be
noted that figures in FIG. 12 are calculated on the basis of
the liquid crystal display device having the structure shown
in FIG. 9, in which a picture element pitch is set to 125 yum
, an area proportion between the sub picture element elec-
trode 61a capacitively coupled to a control electrode 57 and
the sub picture element electrode 615 directly connected to
the TFT 56 is set to 3 to 7, and a ratio between a display
voltage to be applied to the sub picture element electrode
(the floating sub picture element electrode) 6la and a
display voltage to be applied to the sub picture element
electrode (the sub picture element electrode directly con-
nected to the TFT) 61b is set to 0.72.

[0110] TItis apparent from FIG. 12 that a voltage, which is
several times higher than the direct-current voltage compo-
nent AVs between the control electrode and the common
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electrode, is applied to the liquid crystal layer. For this
reason, an effect to suppress image sticking is limited even
if the direct-current voltage component AVs between the
control electrode and the common electrode is reduced.

[0111] The inventors of the present invention considered
that it was essential to apply any of the following counter-
measures o prevent image sticking.

[0112] (1) Accumulation of the electric charges in the
floating sub picture element electrode is suppressed by
electrically shielding between the bus line (such as the gate
bus line or the data bus line), which allows the signal
including the direct-current voltage component to flow
thereon, and the floating sub picture element electrode.

[0113] (2) The direct-current voltage component pos-
sessed by the signal flowing on the gate bus line has a
reverse polarity as compared to the direct-current voltage
component possessed by the signal flowing on the data bus
line. Accordingly, the resistance between the floating sub
picture element electrode and the gate bus line and the
resistance between the floating sub picture element electrode
and the data bus line are optimized so that the influences of
these two direct-current voltage components cancel each
other.

[0114] (3) When the resistance between the floating sub
picture element electrode and the control electrode is
reduced, the direct-current voltage component remaining in
the liquid crystal layer is also reduced. However, if the
resistance between the floating sub picture element electrode
and the control electrode is reduced excessively, it is not
possible to obtain the effect to suppress wash out. Accord-
ingly, the resistance between the floating sub picture element
electrode and the control electrode is optimized so as not to
cause wash out or image sticking.

[0115] (4) The electric charges accumulated in the floating
sub picture element electrode are discharged to the data bus
line, the auxiliary capacitance bus line or the like at a
constant frequency.

[0116] (5) An auxiliary capacitance is formed in parallel to
the capacitance (the liquid crystal capacitance) between the
floating sub picture element electrode and the common
electrode to reduce an influence of variation in the liquid
crystal capacitance.

[0117] Now, liquid crystal display devices according to the
preferred embodiments of the present invention provided
with the aforementioned countermeasures will be described.

First Embodiment

[0118] FIG. 13 is a plan view showing a liquid crystal
display device according to a first embodiment of the present
invention. Meanwhile, FIG. 14A is a cross-sectional view
taken along the VI-VI line in FIG. 13, and FIG. 14B is a
cross-sectional view taken along the VII-VII line in FIG. 13.

[0119] On a glass substrate 111 constituting a base of a
TFT substrate, there are formed a plurality of gate bus lines
112 extending in a horizontal direction (an X direction) and
a plurality of data bus lines 115 extending in a vertical
direction (a Y direction). Each rectangular region defined by
the gate bus lines 112 and the data bus lines 115 constitutes
a picture element region. Meanwhile, on the glass substrate
111, there are formed auxiliary capacitance bus lines 113
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disposed parallel to the gate bus lines 112 and intersecting
the center of the respective picture element regions.

[0120] A first insulating film 114, which is made of an
insulative material such as SiN or Si0,, is formed in a space
between each of the gate bus lines 112 and each of the data
bus lines 115 and in a space between each of the auxiliary
capacitance bus lines 113 and each of the data bus lines 115.
By using this first insulating film 114, the gate bus lines 112
and the data bus lines 115, and, the auxiliary capacitance bus
lines 113 and the data bus lines 115 are electrically insulated,
respectively.

[0121] A TFT 116, connection electrodes 117a and 1175,
a control electrode 118, and sub picture element electrodes
1214 to 121¢ made of a transparent material such as I'TO are
formed in each picture element region. The control electrode
118 constitutes an auxiliary capacitance electrode together
with the auxiliary capacitance bus line 113 and the first
insulating film 114. As shown in FIG. 13, the TFT 116
applies part of the gate bus line 112 as a gate electrode.
Moreover, as shown in FIG. 14A, a semiconductor film
116a constituting an active layer for the TFT 116 is formed
above the gate bus line 112, and a channel protection film
116b is formed on this semiconductor film 116a.

[0122] A drain electrode 1164 of the TFT 116 is connected
to the data bus line 115, and a source electrode 116s thereof
is disposed in a position opposed to the drain electrode 1164
while sandwiching the gate bus line 112. Moreover, the
control electrode 118 is formed in a position opposed to the
auxiliary capacitance bus line 113 while sandwiching the
first insulating film 114. The connection electrode 1174 is
disposed below the sub picture element electrode 1214, and
the connection electrode 1176 is disposed below the sub
picture element electrode 121c. The connection electrodes
117a and 117b, as well as the control electrode 118 are
connected to the source electrode 116s through a line 119.

[0123] The data bus lines 115, the TFT 116, the connection
electrodes 1174 and 1175, the control electrode 118, and the
line 119 are covered with a second insulating film 120,
which is made of SiN, insulative resin or the like. Moreover,
the sub picture element electrodes 121a to 121¢ are formed
on this second insulating film 120. As shown in FIG. 13, the
sub picture element electrode (the floating sub picture ele-
ment electrode) 1215 is disposed in the center of the picture
element region and is capacitively coupled to the control
electrode 118. Meanwhile, the sub picture element electrode
1214 is disposed between the sub picture element electrode
1216 and the gate bus line 112 thereabove, and the sub
picture element electrode 121c¢ is disposed between the sub
picture element electrode 1215 and the gate bus line 112
therebelow. These sub picture element electrodes 121 and
121c are electrically connected to the source electrode 116s
of the TFT 116 through contact holes 120a and 1205, the
connection electrodes 1174 and 117h, and the line 119.
Moreover, surfaces of the sub picture element electrodes
121a to 121c¢ are covered with an alignment film 122, which
is made of polyimide, for example.

[0124] Here, the gate bus lines 112 and the auxiliary
capacitance bus lines 113 are formed simultaneously by
patterning a Cr film or an Al—Ti lamination film in accor-
dance with the photolithography method, for example. In the
meantime, the data bus lines 115, the source electrode 116s,
the drain electrode 116d, and the control electrode 118 are
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formed simultaneously by patterning a Ti—Al—Ti lamina-
tion film in accordance with the photolithography method,
for example.

[0125] Meanwhile, as shown in FIG. 14A and FIG. 14B,
a counter substrate includes a color filter 132 formed on one
of surfaces (which is on the lower side in FIG. 14A and
FIG. 14B) of a glass substrate 131 constituting a base, a
common electrode 133 formed on a surface of the color filter
132, and an alignment film 134 covering a surface of the
common electrode 133. The common electrode 133 is made
of a transparent conductive material such as [TO, and the
alignment film 134 is made of polyimide, for example.

[0126] The TFT substrate and the counter electrode are
disposed opposite to each other while placing the surfaces
provided with the alignment films inward, and are joined
together while sandwiching spacers. Then, liquid crystal 140
is sealed between the TFT substrate and the counter sub-
strate.

[0127] In the liquid crystal display device of the first
embodiment having the above-described configuration, the
sub picture element electrodes 121a and 121c¢ are electri-
cally connected to the TFT 116, and are therefore connected
to the data bus line 115 when the TFT 116 is turned on. For
this reason, even if electric charges are accumulated in the
sub picture element electrodes 121a and 1215 due to the
direct-current voltage component of the signal flowing on
the gate bus line 112 in a period when the TFT 116 1s turned
off, the electric charges flow toward the data bus line 115 in
a period when the TFT 116 is turned on and accumulation of
the electric charges is thereby avoided. Accordingly, no
image sticking occurs in these sub picture element elec-
trodes 1212 and 121b.

[0128] Meanwhile, the sub picture element electrode (the
floating sub picture element electrode) 121b capacitively
coupled to the control electrode 118 is remote from the gate
bus line 112, and the sub picture element electrodes 121a
and 121c are interposed between the sub picture element
electrode 1215 and the gate bus line 112. Accordingly,
accumulation of the electric charges to the floating sub
picture element electrode 1215 attributable to the direct-
current voltage component of the signal flowing on the gate
bus line 112 is extremely small. In this way, it is possible to
avoid occurrence of image sticking and to obtain favorable
display quality.

FIRST MODIFIED EXAMPLE

[0129] FIG. 15 is a plan view showing a liquid crystal
display device according to a first modified example of the
first embodiment, and FIG. 16 is a cross-sectional view
taken along the VIII-VIII line in FIG. 15. In terms of FIG.
15 and FIG. 16, the same constituents as those illustrated in
FIG. 13, FIG. 14A, and FIG. 14B are designated by the
same reference numerals, and detailed description thereof
will be omitted.

[0130] In the liquid crystal display device of the first
modified example shown in FIG. 15 and FIG. 16, two sub
picture element electrodes 1364 and 136b are provided in
one picture element. Moreover, a control electrode 161 is
provided below the sub picture element electrode 1364
while sandwiching the second insulating film 120 and the
sub picture element electrode 1364 is capacitively coupled
to the control electrode 161.
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[0131] An auxiliary capacitance electrode 163 is provided
above the auxiliary capacitance bus line 113 and this aux-
iliary capacitance electrode 163 is electrically connected to
the sub picture element electrode 136b through a contact
hole 135. Meanwhile, the auxiliary capacitance electrode
163 and the control electrode 161 are electrically connected
to the source electrode 116s of the TFT 116 through a line
162.

[0132] In addition, shield patterns 113a and 113b extend-
ing from the auxiliary capacitance bus line 113 are disposed
between the sub picture element electrode 1364 and the data
bus lines 115. The auxiliary capacitance bus line 113 is
maintained either at the same electric potential as the electric
potential of the common electrode 133 or at constant electric
potential relative to the electric potential of the common
electrode 133.

[0133] In the liquid crystal display device of this first
modified example, the shield patterns 113z and 1135 main-
tained at the same electric potential as the electric potential
of the auxiliary capacitance bus line 113 are disposed
between the floating sub picture element electrode 1364 and
the data bus lines 115. Accordingly, accumulation of the
electric charges in the floating sub picture element electrode
1364 attributable to the direct-current voltage component of
the signal flowing on any of the data bus lines 115 is
suppressed. In this way, this liquid crystal display device
exerts the effect to suppress image sticking,.

SECOND MODIFIED EXAMPLE

[0134] FIG. 17 is a plan view showing a liquid crystal
display device according to a second modified example of
the first embodiment, and FIG. 18 is a cross-sectional view
taken along the IX-IX line in FIG. 17. In terms of FIG. 17
and FIG. 18, the same constituents as those illustrated in
FIG. 15 and FIG. 16 are designated by the same reference
numerals, and detailed description thereof will be omitted.

[0135] In the liquid crystal display device of the second
modified example shown in FIG. 17 and FIG. 18, shield
patterns 138a and 1386 which are formed on the same layer
as the sub picture element electrode 136a are disposed
between the floating sub picture element electrode 136a and
the data bus lines 115. These shield patterns 138« and 138h
are electrically connected to the auxiliary capacitance bus
line 113 through contact holes 1374 and 137b, which are
formed on the first and second insulating films 114 and 120,
respectively. The auxiliary capacitance bus line 113 is main-
tained either at the same electric potential as the electric
potential of the common electrode 133 or at constant electric
potential relative to the electric potential of the common
electrode 133 as similar to the liquid crystal display device
of the first modified example.

[0136] In the liquid crystal display device of the first
modified example shown in FIG. 15 and FIG. 16, the shield
patterns 113a and 1135 are formed on a lower layer than the
data bus lines 115 and the sub picture element electrode
136a. On the contrary, in the liquid crystal display device of
the second modified example, the shield patterns 1384 and
138b are formed on the same layer as the sub picture element
electrode 136a. Accordingly, a resistance component of the
first insulating film 114 disappears in the liquid crystal
display device of the second modified example. For this
reason, the liquid crystal display device of the second
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modified example has a larger effect to shield the sub picture
element electrode 136a from the data bus lines 115 as
compared to the liquid crystal display device of the first
modified example. In this way, the liquid crystal display
device of the second modified example can avoid image
sticking more reliably than the liquid crystal device of the
first modified example.

THIRD MODIFIED EXAMPLE

[0137] FIG. 19 is a plan view showing a liquid crystal
display device according to a third modified example of the
first embodiment, and FIG. 20 is a cross-sectional view
taken along the X-Xline in FIG. 19. In terms of FIG. 19 and
FIG. 20, the same constituents as those illustrated in FIG.
15 and FIG. 16 are designated by the same reference
numerals, and detailed description thereof will be omitted.

[0138] In the liquid crystal display device of the third
modified example shown in FIG. 19 and FIG. 20, the shield
patterns 113a and 113b extending from the auxiliary capaci-
tance bus line 113, and shield patterns 142 and 142b
formed on the same layer as the sub picture element elec-
trode 1364 are disposed between the floating sub picture
element electrode 1364 and the data bus lines 115. The
shield patterns 142a and 1425 are electrically connected to
the shield patterns 113¢ and 113b through contact holes
1414 and 141b, which are formed on the first and second
insulating films 114 and 120, respectively.

[0139] In the liquid crystal display device of the third
modified example as well, the shield patterns 113a, 1135,
1424, and 142b are formed between the floating sub picture
element electrode 1364 and the data bus lines 115. Accord-
ingly, it is possible to suppress accumulation of the electric
charges in the floating sub picture element electrode 1364
attributable to the direct-current voltage component flowing
on any of the data bus lines 115 and thereby to avoid image
sticking.

FOURTH MODIFIED EXAMPLE

[0140] FIG. 21 is a plan view showing a liquid crystal
display device according to a fourth modified example of the
first embodiment. In terms of FIG. 21, the same constituents
as those illustrated in FIG. 15 are designated by the same
reference numerals, and detailed description thereof will be
omitted.

[0141] In the liquid crystal display device of the fourth
modified example shown in FIG. 21, a shield pattern 143,
which is formed on the same layer as the auxiliary capaci-
tance bus line 113 and is connected to the auxiliary capaci-
tance bus line 113, surrounds the floating sub picture ele-
ment electrode 1364.

[0142] In the liquid crystal display device of the fourth
modified example, it is possible to shield not only the
direct-current voltage component included in the signal
flowing on any of the data bus lines 115, but also the
direct-current voltage component included in the signal
flowing on any of the gate bus lines 112. In this way, this
liquid crystal display device exerts the effect to avoid image
sticking more reliably than the liquid crystal display device
of the first modified example.

FIFTH MODIFIED EXAMPLE

[0143] FIG. 22 is a plan view showing a liquid crystal
display device according to a fifth modified example of the
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first embodiment. In terms of FIG. 22, the same constituents
as those illustrated in FIG. 13 are designated by the same
reference numerals, and detailed description thereof will be
omitted.

[0144] In the liquid crystal display device shown in FIG.
22, the sub picture element electrodes 121a and 121c are
disposed between the floating sub picture element electrode
1215 and the gate bus lines 112, which are indicated on an
upper side and a lower side in FIG. 22. These sub picture
element electrodes 121a and 121c¢ are electrically connected
to the TFT 116 through the contact holes 120a and 1205, and
through the line 119. Meanwhile, shield patterns 145 respec-
tively extending from the auxiliary capacitance bus line 113
are disposed between the floating sub picture element elec-
trode 1215 and the data bus lines 115 on the right side and
the left side in FIG. 22.

[0145] In the liquid crystal display device of the fifth
modified example, the floating sub picture element electrode
1215 is shielded from the gate bus lines 112 and the data bus
lines 115 by the sub picture element electrodes 121a and
121c as well as the shield patterns 145. Accordingly, this
liquid crystal display device exerts the effect to suppress
accumulation of the electric charges attributable to the
direct-current voltage component of the signal flowing on
any of the gate bus lines 112 and the data bus lines 115, and
thereby to avoid image sticking effectively.

[0146] Moreover, in the liquid crystal display device of the
fifth modified example, the shield patterns 145 are also
disposed between the sub picture element electrodes 121a
and 121¢, which are electrically connected to the TFT 116,
and, the data bus lines 115. Accordingly, the liquid crystal
display device also has the effect to suppress accumulation
of the electric charges in the sub picture element electrodes
121a and 121c attributable to the direct-current voltage
component included in the signal flowing on any of the data
bus lines 115.

SIXTH MODIFIED EXAMPLE

[0147] FIG. 23 is a plan view showing a liquid crystal
display device according to a sixth modified example of the
first embodiment. In terms of FIG. 23, the same constituents
as those illustrated in FIG. 22 are designated by the same
reference numerals, and detailed description thereof will be
omitted.

[0148] In the liquid crystal display device of the sixth
modified example shown in FIG. 23, the shield pattern 146,
which is formed on the same layer as the auxiliary capaci-
tance bus line 113 and connected to the auxiliary capacitance
bus line 113, is also disposed between the floating sub
picture element electrode 121b and the sub picture element
electrodes 121a and 121¢ directly connected to the TFT 116.
In the liquid crystal display device of the sixth modified
example as well, it is possible to suppress accumulation of
the electric charges attributable to the direct-current voltage
component of the signal flowing on any of the gate bus lines
112 and the data bus lines 115, and thereby to avoid image
sticking effectively.

SEVENTH MODIFIED EXAMPLE

[0149] FIG. 24 is a plan view showing a liquid crystal
display device according to a seventh modified example of
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the first embodiment. In terms of FIG. 24, the same con-
stituents as those illustrated in FIG. 13 are designated by the
same reference numerals, and detailed description thereof
will be omitted.

[0150] In the liquid crystal display device of the seventh
modified example shown in FIG. 24, a sub picture element
electrode 151b surrounds a floating sub picture element
electrode 151a. This sub picture element electrode 1515 is
electrically connected to the source electrode 116s of the
TFT 116 through the contact holes 120a and 1205 as well as
the line 119.

[0151] In the liquid crystal display device of the seventh
modified example as well, the floating sub picture element
electrode 151a is shielded from the gate bus lines 112 and
from the data bus lines 115. Accordingly, the liquid crystal
display device exerts the effect to suppress accumulation of
the electric charges attributable to the direct-current voltage
component of the signal flowing on any of the gate bus lines
112 and the data bus lines 115, and thereby to avoid image
sticking effectively.

Second Embodiment

[0152] Now, a second embodiment of the present inven-
tion will be described.

[0153] FIG. 25 is a view showing the principle of the
second embodiment of the present invention. FIG. 25 shows
an equivalent circuit involving a floating sub picture element
electrode Fgp, a common electrode, a control electrode, a
gate bus line, and a data bus line.

[0154] As shown in FIG. 25, it is possible to say that a
resistance Ry exists between the floating sub picture element
electrode Fgp and the gate bus line, that a resistance Ry
exists between the floating sub picture element electrode Fgp
and the data bus line, that a resistance R exists between the
floating sub picture ¢lement electrode Fgp and the control
electrode, and that a resistance (a liquid crystal resistance)
R _exists between the floating sub picture clement electrode
Fg and the common electrode. Here, electric potential of the
control electrode will be defined as V., electric potential of
the common electrode will be defined as V___, a direct-
current voltage component (central electric potential) of a
signal flowing on the gate bus line will be defined as V.,
and a direct-current voltage component (central electric
potential) of a signal flowing on the data bus line will be
defined as V..

[0155] As described previously, a direct-current voltage,
which is lower by about -12 V than the electric potential of
the common electrode, is applied to the gate bus line to turn
a TFT off. Meanwhile, a direct-current voltage, which is
higher by about +2 V than the electric potential of the
common electrode, is superposed with a display signal on
the data bus line in order to compensate a feed through
voltage. The direct-current voltage component applied to the
signal flowing on the gate bus line has a reverse polarity as
compared to the direct-current voltage component applied to
the signal flowing on the data bus line. Accordingly, by
sctting the values of V., V4., Rg, and Ry, s0 as to satisfy
the following formula (4), it is possible to prevent accumu-
lation of the electric charges in the floating sub picture
element electrode attributable to the direct-current voltage
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components of the gate bus line and the data bus line, and
eventually to prevent occurrence of image sticking.

VddCXRG_ngcXRD=O (4)
[0156] The magnitude of an influence of the direct-current
voltage component of the signal flowing on the gate bus line
and the magnitude of an influence of the direct-current
voltage component of the signal flowing on the data bus line
are determined by the electric potential differences and the
resistances. However, the electric potential differences V.
and V,, are also related to the performance of the TFT and
the like, and have relatively small degrees of freedom of
adjustment. On the contrary, the resistances Ry and R, are
determined by the size, the shape and the position of the
floating sub picture element electrode, the thickness of the
insulating film, and the like, and have relatively large
degrees of freedom of adjustment. Accordingly, in this
embodiment, the resistance R, between the floating sub
picture element electrode and the gate bus line and the
resistance Ry, between the floating sub picture element
electrode and the data bus line are adjusted so as to cancel
out the influence of the direct-current voltage component of
the signal flowing on the gate bus line and the influence of
the direct-current voltage component of the signal flowing
on the data bus line.

[0157] FIG. 26 is a graph showing a relation between
R /Ry, indicated on the lateral axis and final attainment
electric potential of the floating sub picture element elec-
trode indicated on the longitudinal axis. It is to be noted,
however, that the resistances R, R; ¢, and Ry, are set equal
(R=R, =R, in FIG. 26. Moreover, V___ and V_,_ are set
1o 0V, V. is set to —11.28 V, and V4, 15 set to +1.13V. In
this case, as it is apparent from FIG. 26, it is possible to
cancel out the influence of the direct-current voltage com-
ponent of the signal flowing on the gate bus line and the
influence of the direct-current voltage component of the
signal flowing on the data bus line, and to prevent occur-
rence of image sticking when the value of resistance R, is
set ten times as large as the resistance Ry, (Rg/Rp=10).

[0158] FIG. 27 is a schematic plan view of a picture
element portion of a liquid crystal display device showing a
method of adjusting resistance between the floating sub
picture element electrode and the gate bus line and resis-
tance between the floating sub picture element electrode and
the data bus line. Meanwhile, FIG. 28 is a schematic
cross-sectional view showing the picture element of FIG.
27.

[0159] In the liquid crystal display device shown in FIG.
27 and FIG. 28, each picture element region defined by gate
bus lines 212 and data bus lines 215 includes a TFT 216, four
sub picture element electrodes 221a to 2214, and a control
electrode 218.

[0160] The control electrode 218 is electrically connected
to a source electrode 216s of the TFT 216 through a line 219.
Meanwhile, the sub picture element electrodes 221a and
221d are electrically connected to the source electrode of the
TFT 216 through contact holes 220a and 220c and the line
219. Moreover, the sub picture element electrode 221¢ is
electrically connected to the source electrode of the TFT 216
through a contact hole 220b, the control electrode 218, and
the line 219. On the other hand, the sub picture element
electrode (the floating sub picture element electrode) 2215 is
capacitively coupled to the control electrode 218 through a
second insulating film 220.
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[0161] As shown in FIG. 28, the gate bus lines 212 and an
auxiliary capacitance bus line 213 are formed on a glass
substrate 211 and are covered with a first insulating film 214.
The data bus lines 215, the source electrode 216s, a drain
electrode 216d, the control electrode 218, and the line 219
are formed on the first insulating film 214. The data bus lines
215, the source electrode 216s, the drain electrode 2164, the
control electrode 218, and the line 219 are covered with the
second insulating film 220, and the sub picture element
electrodes 2214 to 221d are formed on the second insulating
film 220. These sub picture element electrodes 221a to 221d
are divided by slits which are formed along zigzag lines
bending above the gate bus lines 212 and the auxiliary bus
line 213.

[0162] In FIG. 27, chain lines 231 show positions of
protrusions in the shape of mounds (domain regulating
structures) which are formed on the counter substrate side.

[0163] In this liquid crystal display device, the value of
resistance Ry is decreased when the length of a portion
where the gate bus line 212 and the floating sub picture
element electrode 221b face each other (a portion indicated
by an arrow A in FIG. 27) is increased, and the value of
resistance Ry, is increased when the above-described length
is decreased. Moreover, the value of resistance R is
increased when the distance between the gate bus line 212
and the floating sub picture element electrode 221b (a
portion indicated by an arrow B in FIG. 27) is increased, and
the value of resistance Ry is decreased when the above-
described distance is decreased. In addition, the value of
resistance Ry is increased when the total thickness of the
first insulating film 214 and the second insulating film 220
(a portion indicated by an arrow C in FIG. 28) is increased,
and the value of resistance R is decreased when the
above-described thickness is decreased.

[0164] Meanwhile, the value of resistance Ry, is decreased
when the length of a portion where the data bus line 215 and
the floating sub picture element electrode 2215 face each
other (a portion indicated by an arrow D in FIG. 27) is
increased, and the value of resistance Ry is increased when
the above-described length is decreased. Moreover, the
value of resistance Ry is increased when the distance
between the data bus line 215 and the floating sub picture
element electrode 221b (a portion indicated by an arrow E
in FIG. 27) is increased, and the value of resistance R is
decreased when the above-described distance is decreased.
In addition, the value of resistance Ry, is increased when the
thickness of the second insulating film 220 (a portion
indicated by an arrow F in FIG. 28) is increased, and the
value of resistance Ry, is decreased when the above-de-
scribed thickness is decreased.

[0165] In the second embodiment, the influence of the
direct-current voltage component included in the signal
flowing on the gate bus line 212 and the influence of the
direct-current voltage component included in the signal
flowing on the data bus line 215 are cancelled by means of
adjusting the above-mentioned parameters. In this way, it is
possible to avoid image sticking and to obtain a favorable
display characteristic.
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Third Embodiment
[0166] Now, a third embodiment of the present invention
will be described.

[0167] The following formula (5) is obtained by modify-
ing the above-described formula (3):

((Rrea X Crez) = (Rex Ce)) ®)
XAVg
(Rrcz + Re) X Crez
U =(Re/Rpe2xCc [Cuc2))
(L+Rc/Ric2)

AVper =

X AVy

[0168] In this formula (5), a ratio C/C,, between a
capacitance C, which is provided between a control elec-
trode and a floating sub picture element electrode, and a
capacitance C; ., which is provided between the floating
sub picture element electrode and a common electrode, is a
designed value to be determined in response to a voltage
ratio between a voltage on a sub picture element electrode
directly connected to a TFT and a voltage on the floating sub
picture element electrode.

[0169] FIG. 29 is a graph showing results of calculations
of dependencies (DC voltage magnifications) of image stick-
ing voltages on the resistance R between the control elec-
trode and the floating sub picture element electrode and on
the resistance R; ., between the floating sub picture element
electrode and the common electrode while setting C/Cy
to a constant value (C./C,; ,=1.00 to 9.00), in which the
lateral axis indicates the ratio between R and R, ., and the
longitudinal axis indicates the magnification of a direct-
current voltage. Meanwhile, FIG. 30 is a table showing the
results illustrated in FIG. 29.

[0170] In the case of the liquid crystal display device
shown in FIG. 3 and FIG. 4, the specific resistance of the
liquid crystal is lower by 2 digits or above than the specific
resistance of the insulating film of the TFT. Accordingly, the
value R/R, ., is close to 10, In this case, as it is apparent
from FIG. 29 and FIG. 30, the magnification of the direct-
current voltage is approximately equal to C./C; . In the
capacitive coupling HT method, the voltage ratio between
the floating sub picture element electrode and the sub picture
element electrode directly connected to the TFT is set in a
range of about 0.9 to 0.6. Accordingly, the magnification of
the direct-current voltage reaches close to 9 at the maximum,
and image sticking is apt to occur.

[0171] In the meantime, FIG. 31 shows that it is possible
to reduce the voltage on the floating sub picture element
electrode significantly by decreasing R between the control
electrode and the floating sub picture element electrode.
FIG. 31 is a graph showing relations between R /R,
indicated in the lateral axis and electric potential differences
of sub picture element electrodes at a white display portion
and at a black display portion indicated in the longitudinal
axis. Upon calculation, a value C; oon/Ci copp IS assumed
equal to 1.5.

[0172] As apparent from FIG. 31, the value R, must be
equal to or less than 100 times of the value R; ~, in order to
reduce the voltage (the direct-current voltage component) on
the floating sub picture element electrode.

[0173] However, when the resistance R, between the
control electrode and the floating sub picture element elec-
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trode is reduced, an electric current will flow between the
floating sub picture element electrode and the sub picture
element electrode directly connected to the TFT. Accord-
ingly, the electric potential difference between these sub
picture element electrodes is gradually lost and the effect to
suppress wash out attributable to the capacitive coupling HT
method is reduced.

[0174] FIG. 32 is an equivalent circuit diagram showing
the floating sub picture element electrode and the sub picture
element directly connected to the TFT. Here, reference code
C1 denotes a capacitance (C1=Cy +Cy) included in the sub
picture element electrode directly connected to the TFT,
reference code C2 denotes a capacitance (C2=C; ,+Cs,)
included in the floating sub picture element electrode, ref-
erence code C.. denotes a capacitance located between the
floating sub picture element electrode and the sub picture
element directly connected to the TFT, and reference code R
denotes a resistance located between the floating sub picture
element electrode and the sub picture element directly
connected to the TFT. In this case, a voltage V(1) on the
floating sub picture element electrode at time t can be
obtained by the following formula (6):

Ve(t)=V(0)xexp—(t/((Cy+Ce)XR) (6)

[0175] Here, Cse is series connection capacitance of C1
and C2 (Cse=(1/((1/C1)-(1/C2))).

[0176] FIG. 33 is a graph showing a relation between the
resistance R, which is located between the floating sub
picture element electrode and the sub picture element
directly connected to the TFT, which is indicated by the
lateral axis, and a voltage retention rate in one frame period
(t=16.6 msec), which is indicated by the longitudinal axis.
Here, the liquid crystal display device having the structure
shown in FIG. 3 and FIG. 4 is assumed. Upon calculation,
a picture element pitch is set to 125 um, an area proportion
between the floating sub picture element electrode and the
sub picture element electrode directly connected to the TFT
is set to 3 to 7, and a ratio between a display voltage to be
applied to the floating sub picture element electrode and a
display voltage to be applied to the sub picture element
electrode directly connected to the TFT is set to 0.72.

[0177] As apparent from FIG. 33, the voltage retention
rate will be maintained at about 90% or above when the
resistance between the floating sub picture element electrode
and the sub picture element electrode directly connected to
the TFT equal to or more than 10™ Q. If the voltage
retention rate falls below 50%, variation in the electric
potential difference attributable to uneven resistance reaches
the maximum. Accordingly, in light of display stability, it is
preferable to set the voltage retention rate equal to or more
than 50%.

[0178] As described above, the effect to prevent image
sticking is obtained by setting the resistance R located
between the floating sub picture element electrode and the
sub picture element electrode directly connected to the TFT
so as to satisfy the R equal to or less than 100 times of R;
and the voltage retention rate in one frame period equal to
or more than 50%.

[0179] FIG. 34is a plan view showing a TFT substrate in
a liquid crystal display device of the third embodiment
adopting the above-described arrangements. Meanwhile,
FIG. 35 is a cross-sectional view of the TFT substrate shown
in FIG. 35.
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[0180] As shown in FIG. 34, a plurality of gate bus lines
312 (only one gate bus line is illustrated in FIG. 34)
extending in the horizontal direction and a plurality of data
bus lines 315 (only one data bus line is illustrated in FIG.
34) extending in the vertical direction are formed on the TFT
substrate. Each rectangular region defined by the gate bus
lines 312 and the data bus lines 315 constitutes a picture
element region. Meanwhile, auxiliary capacitance bus lines
313 intersecting the picture element regions are formed in
parallel to the gate bus lines 312 on the TFT substrate. As
will be described later, a first insulating film 314 is formed
in a space between each of the gate bus lines 312 and each
of the data bus lines 315 and in a space between each of the
auxiliary capacitance bus lines 313 and each of the data bus
lines 315. By using this first insulating film 314, the gate bus
lines 312 and the data bus lines 315, and, the auxiliary
capacitance bus lines 313 and the data bus lines 315 are
electrically insulated, respectively.

[0181] A TFT 316, a control electrode 318, and four sub
picture element electrodes 321a to 321d are formed in each
picture element region. A drain electrode 3164 of the TFT
316 is connected to the data bus line 315, and a source
electrode 316s thereof is connected to the control electrode
318 through a line 319.

[0182] The sub picture element electrodes 321a to 321d
are divided by slits which are formed along zigzag lines
bending above the gate bus lines 312 and the auxiliary bus
line 313. Moreover, the sub picture element electrodes 321a
and 321d are electrically connected to the source electrode
316s through contact holes 320z and 320c¢ and the line 319.
The sub picture element electrode 321c is electrically con-
nected to the control electrode 318 through a contact hole
320b. On the other hand, the sub picture element electrode
(the floating sub picture element electrode) 3215 is capaci-
tively coupled to the control electrode 318 through a second
insulating film 320 to be described later. In addition, these
sub picture element electrodes 321a to 321d are electrically
connected to one another with connecting portions 323,
which are made of a high-resistance conductive material.
Here, the control electrode 318 also functions as an auxiliary
capacitance electrode and constitutes an auxiliary capaci-
tance together with the auxiliary capacitance bus line 313
and the first insulating film 314.

[0183] Now, a layer structure of the TFT substrate will be
described with reference to FIG. 35.

[0184] The gate bus lines 312 and the auxiliary capaci-
tance bus lines 313 are formed on a glass substrate 311
constituting a base of the TFT substrate. The gate bus lines
312 and the auxiliary capacitance bus lines 313 are formed
simultaneously by patterning a Cr film or an Al—Ti lami-
nation film in accordance with the photolithography method,
for example.

[0185] Moreover, the first insulating film 314 made of an
insulating material such as SiN or SiO, is formed on the
glass substrate 311, and the gate bus lines 312 and the
auxiliary capacitance bus lines 313 are covered with this
insulating film 314.

[0186] The data bus lines 315, the source electrode 316s
and the drain electrode 316d of the TFT 316, the control
electrode 318, and the line 319 are formed on the first
insulating film 314. The data bus lines 315, the source
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electrode 316s, the drain electrode 3164, the control elec-
trode 318, and the line 319 are formed simultaneously by
patterning a Ti—Al—Ti lamination film in accordance with
the photolithography method, for example.

[0187] As shown in FIG. 34, the TFT 316 applies part of
the gate bus line 312 as a gate electrode. Moreover, a
semiconductor film (not shown) constituting an active layer
and a channel protection film 316b are formed on the gate
electrode. The source electrode 316s and the drain electrode
316d are disposed opposite to each other while sandwiching
the gate bus line 312.

[0188] The data bus lines 315, the source electrode 316s,
the drain electrode 316d, the control electrode 318, and the
line 319 are covered with the second insulating film 320,
which is made of SiN or insulative resin, for example. The
sub picture element electrodes 321a to 3214 are formed on
this second insulating film 320. These sub picture element
electrodes 3214 to 321d are made of a transparent conduc-
tive material such as ITO. The sub picture element elec-
trodes 321a and 321d are electrically connected to the line
319 through the contact holes 320a and 320c respectively
formed on the second insulating film 320, and the sub
picture element electrode 321c is electrically connected to
the control electrode 318 through the contact hole 3205.
Moreover, the sub picture element electrode 3215 is capaci-
tively coupled to the control electrode 318 through the
second insulating film 320.

[0189] The sub picture element electrodes 321a to 321d
are electrically connected to one another through the con-
necting portions 323, which are made of a high-resistance
conductive material. Moreover, an alignment film 322 made
of polyimide, for example, is formed on the sub picture
element electrodes 321a to 321d and on the connecting
portions 323.

[0190] The connecting portions 323 are made of impurity-
doped amorphous silicon, for example. As described previ-
ously, a resistance R between the floating sub picture ele-
ment electrode 3215 and the sub picture element electrodes
321a, 321¢, and 321d directly connected to the TFT 316 is
set equal to or less than 100 times of a resistance between the
floating sub picture element electrode 3215 and the common
electrode, and the voltage retention rate in one frame period
is set equal to or more than 50%.

[0191] The material for the connecting portions 323 is not
only limited to amorphous silicon as described above, and it
is also possible to form the connecting portions 323 by use
of an organic conductive material, for example. However, as
the material for the connecting portions 323, it is preferable
to use a material that possesses a value of resistance in an
appropriate range and does not contaminate the liquid crys-
tal. In addition, the material is also required to have resis-
tance to a process for forming the alignment film. For
example, it is preferable that the material be hardly soluble
to a solvent and have high heat resistance.

[0192] In FIG. 34, chain lines 331 show positions of
protrusions in the shape of mounds (domain regulating
structures) which are formed on the counter substrate side.

[0193] In the liquid crystal display device of this embodi-
ment, the floating sub picture element electrode 321b is
electrically connected to the sub picture element electrodes
321a, 321c, and 321d directly connected to the TFT 316
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through the high-resistance connecting portions 323. More-
over, the resistance R between the floating sub picture
element electrode 321b and the sub picture element elec-
trodes 321a, 321c, and 321d directly connected to the TFT
316 is set equal to or less than 100 times of the resistance
between the floating sub picture element electrode 3215 and
the common electrode, and the voltage retention rate in one
frame period is set equal to or more than 50%. Accordingly,
it is possible to suppress wash out and to avoid occurrence
of image sticking. In this way, it is possible to obtain
favorable display quality.

FIRST MODIFIED EXAMPLE

[0194] FIG. 36 is a plan view showing a liquid crystal
display device according to a first modified example of the
third embodiment, and FIG. 37 is a cross-sectional view
showing the liquid crystal display device of FIG. 36. In
terms of FIG. 36 and FIG. 37, the same constituents as those
illustrated in FIG. 34 and FIG. 35 are designated by the
same reference numerals, and detailed description thereof
will be omitted.

[0195] In the liquid crystal display device of the first
modified example, connecting portions 324 for electrically
connecting the floating sub picture element electrode 321h
and the sub picture element electrodes 321a, 321¢, and 3214
directly connected to the TFT 316 are formed into the shape
of mounds along slits for dividing the sub picture element
electrodes 321a to 321d. The connecting portions 324 are
made of a high-resistance conductive material such as
impurity-doped amorphous silicon. Surfaces of the sub
picture element electrodes 321a to 321d and of the connect-
ing portions 324 are covered with the alignment film 322.

[0196] On the other hand, a color filter 332 and a common
electrode 333 are formed on one of surfaces (which is the
lower side in FIG. 37) of a glass substrate 331 constituting
a base of the counter substrate, and domain regulating
protrusions 334 are formed into the shape of mounds on the
common electrode 333 (which is the lower side in FIG. 37).
Surfaces of the common electrode 333 and of the protrusions
334 are covered with an alignment film 335. The protrusions
334 may be formed by use of a dielectric material or a
high-resistance conductive material as similar to the con-
necting portions 324.

[0197] In this liquid crystal display device, it is possible to
achieve multi-domains by use of the connecting portions
324 in the shape of mounds formed on the TFT substrate side
and the protrusions 334 in the shape of mounds formed on
the counter substrate side as shown in FIG. 37. That is,
directions of inclination of liquid crystal molecules 340a are
different on two sides of each of the connecting portions 324
or on two sides of each of the protrusions 334 upon
application of a voltage. In this way, it is possible to prevent
leakage of light in oblique directions.

[0198] In this liquid crystal display device as well, the
floating sub picture element electrode 3215 is electrically
connected to the sub picture element electrodes 321a, 321c,
and 321d directly connected to the TFT 316 through the
high-resistance connecting portions 324 made of amorphous
silicon, for example. Moreover, the resistance R between the
floating sub picture element electrode 3215 and the control
electrode 318 is set equal to or less than 100 times of the
resistance between the floating sub picture element electrode
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3215 and the common electrode, and the voltage retention
rate in one frame period is set equal to or more than 50%.
Accordingly, it is possible to suppress wash out and to avoid
occurrence of image sticking. In this way, it is possible to
obtain favorable display quality.

[0199] Here, if the connecting portions 324 constituting
the domain regulating protrusions have low resistance, the
entire connecting portions 324 are set to the same electric
potential as the electric potential of the sub picture element
electrodes 321a to 321d. Accordingly, an electric line of
force will occur vertically from the connecting portions 324
toward the surfaces of the substrates, and it is not possible
to achieve the multi-domains. Nevertheless, the connecting
portions 324 are made of the high-resistance conductive
material in the above-described example. Therefore, it is
possible to align the liquid crystal molecules along prede-
termined directions.

Fourth Embodiment

[0200] FIG. 38 is a plan view showing a liquid crystal
display device according to a fourth embodiment of the
present invention, and FIG. 39 is a cross-sectional view
taken along the XI-XI line in FIG. 38. In terms of FIG. 38
and FIG. 39, the same constituents as those illustrated in
FIG. 13, FIG. 14A, and FIG. 14B are designated by the
same reference numerals, and detailed description thereof
will be omitted.

[0201] In this embodiment, each picture element region
defined by the gate bus lines 112 and the data bus lines 115
includes three sub picture element electrodes 121a to 121c.
The sub picture element electrodes 121a and 121c¢ are
electrically connected to the line 119, which extends from
the source clectrode 116s of the TFT 116, through the
contact holes 120z and 120b formed on the second insulat-
ing film 120. Meanwhile, the sub picture element electrode
(the floating sub picture element electrode) 1215 is capaci-
tively coupled to the control electrode 118 while sandwich-
ing the second insulating film 120.

[0202] Spaces between the sub picture element electrode
1215 and the data bus lines 115, and a space between the sub
picture element electrode 121b and the sub picture element
electrode 1214 are shielded by a shield pattern 412, which
is connected to the auxiliary capacitance bus line 113.

[0203] A TFT 411 is formed between the sub picture
element electrode 1215 and the sub picture element elec-
trode 121c. A gate clectrode 411g of this TFT 411 is
connected to the gate bus line 112 (an n-1-th gate bus line)
which is different from the gate bus line 112 (an n-th gate bus
line) connected to the TFT 116. Moreover, a source electrode
411s and a drain electrode 411d are connected to the sub
picture element electrodes 1215 and 121c¢ through contact
holes 413a and 413b, respectively.

[0204] FIG. 40 is an equivalent circuit diagram showing
one picture element in the above-described liquid crystal
display device. In FIG. 40, the TFT 116 is connected to the
n-th gate bus line 112(n). Moreover, as described previously,
the source electrode 116s of the TFT 116 is directly con-
nected to the sub picture element electrodes 1214 and 121c,
and to the control electrode 118. Reference code C;
denotes the capacitance (the liquid crystal capacitance)
between the sub picture element electrodes 121a and 121¢,
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and, the common electrode 133. Meanwhile, reference code
Cg denotes the capacitance (the auxiliary capacitance)
between the control electrode 118 and the auxiliary capaci-
tance bus line 113. In the meantime, reference code C.
denotes the capacitance between the control electrode 118
and the floating sub picture element electrode 121b, and
reference code C, ., denotes the capacitance between the
floating sub picture element electrode 1215 and the common
electrode 133.

[0205] In addition, the TFT 411 is formed between the sub
picture element electrodes 121h and 121c¢, and the gate
electrode 411g thereof is connected to the n-1-th gate bus
line 112(n-1).

[0206] In the liquid crystal display device of this embodi-
ment, the TFT 411 is turned on before (which is just one
horizontal scanning period ahead) the display voltage is
applied to the sub picture element electrodes 121z and 121¢
and to the control electrode 118 through the TFT 116,
whereby the electric potential of the floating sub picture
element electrode 1215 becomes equal to the electric poten-
tial of the sub picture element electrodes 121a and 121c
directly connected to the TFT 116 and of the control
electrode 118. In this way, the electric charges accumulated
in the floating sub picture element electrode 1215, which are
attributable to the direct-current voltage components
included in the signals flowing on the gate bus line 112 and
the data bus line 115, flow toward the sub picture element
electrodes 121¢ and 121c and the control electrode 118.
Therefore, it is possible to obtain the effect to suppress
accumulation of the electric charges in the floating sub
picture element electrode 1215 and thereby to avoid image
sticking.

FIRST MODIFIED EXAMPLE

[0207] FIG. 41 is a plan view showing a liquid crystal
display device according to a first modified example of the
fourth embodiment. In terms of FIG. 41, the same constitu-
ents as those illustrated in FIG. 38 are designated by the
same reference numerals, and detailed description thereof
will be omitted.

[0208] In this example, two TFTs 421 and 422 are dis-
posed between the sub picture element electrode 121¢
directly connected to the TFT 116 and the floating sub
picture element electrode 121b. Drain electrodes of these
TFTs 421 and 422 are connected to each other. Meanwhile,
gate electrodes 421g and 422g of these TFTs 421 and 422 are
connected to the n-1-th gate bus line 112(n-1) through a line
414, and source electrodes thereof are connected to the
floating sub picture element electrode 1215 and to the sub
picture element electrode 121c, respectively. Moreover,
drain electrodes of the TFTs 421 and 422 are connected to
a shield pattern 412, which extends from the auxiliary
capacitance bus line 113, through a connecting portion 423
and a line 424.

[0209] FIG. 42 is an equivalent circuit diagram showing
one picture element in the above-described liquid crystal
display device. In FIG. 42, the TFT 116 is connected to the
n-th gate bus line 112(#). Morcover, the source electrode
1165 of this TFT 116 is electrically connected to the sub
picture element electrodes 121a and 121¢, and to the control
electrode 118. Reference code C; . denotes the capacitance
(the liquid crystal capacitance) between the sub picture
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element electrodes 121a and 121c and the common elec-
trode 133. Meanwhile, reference code Cs denotes the capaci-
tance (the auxiliary capacitance) between the control elec-
trode 118 and the auxiliary capacitance bus line 113. In the
meantime, reference code C. denotes the capacitance
between the control electrode 118 and the floating sub
picture element electrode 121b, and reference code C; o,
denotes the capacitance between the floating sub picture
element electrode 1215 and the common electrode 133.

[0210] In addition, the TFTs 421 and 422 are connected
between the sub picture element electrodes 1215 and 121c.
The gate electrode of the TFT 421 is connected to the n—1-th
gate bus line 112(n-1), and the source electrode and the
drain electrode thereof are connected between the floating
sub picture element electrode 1216 and the auxiliary capaci-
tance bus line 113. Meanwhile, the gate electrode of the TFT
422 is also connected to the n—-1-th gate bus line 112(n-1),
and the source electrode and the drain electrode thereof are
connected between the sub picture element electrode 121c
and the auxiliary capacitance bus line 113. Here, the auxil-
iary capacitance bus line 113 is assumed to be maintained at
the same electric potential as the electric potential of the
common electrode on the counter substrate.

[0211] In the liquid crystal display device of this example
as well, the TFTs 421 and 422 are turned on before (which
is just one horizontal scanning period ahead) the display
voltage is applied to the sub picture element electrodes 121a
and 121c¢ and to the control electrode 118 through the TET
116, whereby the electric potential of the floating sub picture
element electrode 1215 and the electric potential of the sub
picture element electrodes 1214 and 121¢ directly connected
to the TFT 116 become equal to the electric potential of the
auxiliary capacitance bus line 113. In this way, the electric
charges accumulated in the floating sub picture element
electrode 1215 and in the sub picture element electrodes
1212 and 121¢, which are attributable to the direct-current
voltage components included in the signals flowing on the
gate bus line 112 and the data bus line 115, flow toward the
auxiliary capacitance bus line 113. Therefore, it is possible
to obtain the effect to suppress accumulation of the electric
charges in the floating sub picture element electrode 121b
and thereby to avoid image sticking.

[0212] Note that the electric charges accumulated in the
sub picture element electrodes 121¢ and 121c¢ directly
connected to the TFT 116 are allowed to flow toward the
auxiliary capacitance bus line 113 through the TFT 422 in
the above-described first modified example. However, as
described previously, these sub picture element electrodes
121a and 121c are connected to the data bus line 115 once
in every frame. Accordingly, the influences of the electric
charges accumulated in the sub picture element electrodes
121a and 121¢ are minimal. Therefore, it is also possible to
omit the TFT 422.

Fifth Embodiment

[0213] Now, a fifth embodiment of the present invention
will be described.

[0214] FIG. 43 is a circuit diagram of a picture element
showing the principle of a fifth embodiment of the present
invention. In FIG. 43, reference codes C and R, respec-
tively denote the capacitance and the resistance between the
control electrode and the floating sub picture element elec-
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trode, and reference codes C;, and R;, respectively
denote the capacitance (the liquid crystal capacitance) and
the resistance (the liquid crystal resistance) between the
floating sub picture element electrode and the common
electrode.

[0215] As described previously, one of the reasons why
the electric potential difference occurs between the floating
sub picture element electrodes in the white display portion
and the black display portion is variation in the liquid crystal
capacitance C; ,. Accordingly, in the fifth embodiment, an
auxiliary capacitance Cg, is connected in parallel to the
liquid crystal capacitance C; ., to reduce the influence of the
variation in the capacitance between the floating sub picture
element electrode and the common electrode.

[0216] FIG. 44 is a graph showing relations between
R /Ry, indicated on the lateral axis and the electric poten-
tial difference of the floating sub picture element electrodes
between the white display portion and the black display
portion indicated on the longitudinal axis. Here, the relations
are observed in the case where there is no auxiliary capaci-
tance Cg, (0.00 times) and in the cases where the values of
the auxiliary capacitance Cg, is 0.25 to 1.5 times as large as
the value of the liquid crystal capacitance C; .. Note that
the value C/C; ¢ 1 set to 2.57 herein.

[0217] As apparent from comparison between FIG. 44
and FIG. 31, the electric potential difference of the floating
sub picture element electrodes between the white display
portion and the black display portion is reduced by connect-
ing the auxiliary capacitance Cg, in parallel to the liquid
crystal capacitance C; .. Assuming that the value of the
auxiliary capacitance Cg, is equal to the value of the liquid
crystal capacitance C; ,(Cg,/C; ,=1.00), for example, the
electric potential difference of the floating sub picture ele-
ment electrodes between the white display portion and the
black display portion causing image sticking is reduced
approximately to one-half.

[0218] FIG. 45 is a plan view showing the liquid crystal
display device after undergoing the above-described coun-
termeasure, and FIG. 46 is a cross-sectional view taken
along the XII-XII line in FIG. 45. In terms of FIG. 45 and
FIG. 46, the same constituents as those illustrated in FIG.
13, FIG. 14A, and FIG. 14B are designated by the same
reference numerals, and detailed description thereof will be
omitted.

[0219] In the liquid crystal display device of this embodi-
ment, a control electrode 511 and an auxiliary capacitance
electrode 512 are formed above the auxiliary capacitance
bus line 113. The control electrode 511 is capacitively
coupled to the floating sub picture element electrode 121h
through the second insulating film 140. Moreover, the con-
trol electrode 511 is electrically connected to the source
electrode 1165 of the TFT 116 through the line 119, and is
electrically connected to the sub picture element electrodes
121g and 121c¢ through the line 119 and the contact holes
120a and 120b. In addition, the control electrode 511
constitutes a first auxiliary capacitance together with the
auxiliary capacitance bus line 113 and the first insulating
film 114. Here, the auxiliary capacitance bus line 113 is
assumed to be maintained at the same electric potential as
the electric potential of the common electrode on the counter
substrate.

[0220] The auxiliary capacitance electrode 512 is electri-
cally connected to the floating sub picture element electrode
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1216 through a contact hole 513 formed on the second
insulating film 140. Moreover, the auxiliary capacitance
electrode 512 constitutes a second auxiliary capacitance Cg,
together with the auxiliary capacitance bus line 113 and the
first insulating film 120.

[0221] In this embodiment, the auxiliary capacitance Cg,
is disposed in parallel to the liquid crystal capacitance C; ,
as shown in the equivalent circuit diagram of FIG. 43.
Accordingly, it is possible to reduce the electric potential
difference of the floating sub picture element electrodes
between the white display portion and the black display
portion, and thereby to prevent occurrence of image stick-
ing.

[0222] Here, it is also conceivable to form the auxiliary
capacitance Cg, by use of the floating sub picture element
electrode 1215 and the auxiliary capacitance bus line 113
instead of providing the auxiliary capacitance electrode 512.
However, in that case, a capacitance value of the auxiliary
capacitance Cg, is reduced because the first and second
insulating films 114 and 120 are interposed between the
floating sub picture element 1215 and the auxiliary capaci-
tance bus line 113. Resultantly, the effect to prevent occur-
rence of image sticking will be reduced as well. For this
reason, it is preferable to form the auxiliary capacitance
electrode 512 on the first insulating film 114 as described
above, and to connect this auxiliary capacitance electrode
512 and the floating sub picture element electrode 121b
electrically.

[0223] The methods for preventing image sticking
described in the first to fifth embodiments are applicable to
various types of liquid crystal display devices such as a TN
liquid crystal display device or a VA liquid crystal display
device. Moreover, the methods are applicable not only to
transmissive liquid crystal display devices but also to reflec-
tive liquid crystal display devices and semi-transmissive
liquid crystal display devices.

What is claimed is:
1. A liquid crystal display device which includes:

first and second substrates disposed opposite to each
other;

a liquid crystal sealed between the first and second
substrates;

a gate bus line and a data bus line formed on the first
substrate;

a thin film transistor connected to the gate bus line and the
data bus line;

a plurality of sub picture element electrodes formed in a
picture element region defined by the gate bus line and
the data bus line; and

a control electrode capacitively coupled to at least one of
the plurality of sub picture element electrodes and to
which a display voltage is applied from the data bus
line through the thin film transistor,

wherein the liquid crystal display device includes a shield
member for electrically shielding connection between
the sub picture element electrode capacitively coupled
to the control electrode and at least any of the gate bus
line and the data bus line.
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2. The liquid crystal display device according to claim 1,

wherein the shield member is one of the plurality of sub
picture element electrodes which is connected to the
thin film transistor.

3. The liquid crystal display device according to claim 2,

wherein the sub picture element electrode functioning as
the shield member surrounds the sub picture element
electrode which is capacitively coupled to the control
electrode.

4. The liquid crystal display device according to claim 1,

further comprising:

an auxiliary capacitance bus line maintained at constant
electric potential and capacitively coupled to the con-
trol electrode to constitute an auxiliary capacitance.

5. The liquid crystal display device according to claim 4,

wherein the shield member is electrically connected to the
auxiliary capacitance bus line.
6. The liquid crystal display device according to claim 5,

wherein the shield member is formed on the same layer as
the sub picture element electrodes.
7. The liquid crystal display device according to claim 4,

wherein one of the plurality of sub picture element
electrodes connected to the thin film transistor is dis-
posed between the sub picture element electrode
capacitively coupled to the control electrode and the
gate bus line as the shield member, and

a shield member which is electrically connected to the
auxiliary capacitance bus line is disposed between the
sub picture element electrode capacitively coupled to
the control electrode and the data bus line.

8. A method of preventing image sticking on a liquid

crystal display device which includes:

first and second substrates disposed opposite to each
other;

a liquid crystal sealed between the first and second
substrates;

a gate bus line and a data bus line formed on the first
substrate;

a thin film transistor connected to the gate bus line and the
data bus line;

a plurality of sub picture element electrodes formed in a
picture element region defined by the gate bus line and
the data bus line;

a control electrode capacitively coupled to at least one of
the plurality of sub picture element electrodes and to
which a display voltage is applied from the data bus
line through the thin film transistor; and

a common electrode formed on the second substrate and
opposed to the plurality of sub picture element elec-
trodes on the first substrate,

wherein assuming that central electric potential of the data
bus line relative to electric potential of the common
electrode is V., that central electric potential of the
gate bus line relative to the electric potential of the
common electrode is V., that a resistance between the
sub picture element electrode capacitively coupled to
the control electrode and the data bus line is Ry, and
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that a resistance between the sub picture element elec-
trode capacitively coupled to the control electrode and
the gate bus line is Ry, the method includes the step of
setting a position and a shape of the sub picture element
electrode capacitively coupled to the control electrode
80 s 10 satisfy that V 34~V 4 xRp/R 1s approximately
equal to zero.
9. A liquid crystal display device which includes:

first and second substrates disposed opposite to each
other;

a liquid crystal sealed between the first and second
substrates;

a gate bus line and a data bus line formed on the first
substrate;

a thin film transistor connected to the gate bus line and the
data bus line,;

a plurality of sub picture element electrodes formed in a
picture element region defined by the gate bus line and
the data bus line;

a control electrode capacitively coupled to at least one of
the plurality of sub picture element electrodes and to
which a display voltage is applied from the data bus
line through the thin film transistor; and

a common electrode formed on the second substrate and
opposed to the plurality of sub picture element elec-
trodes on the first substrate,

wherein the sub picture element electrode capacitively
coupled to the control electrode is connected to the sub
picture clement electrode connected to the thin film
transistor through a resistor.

10. The liquid crystal display device according to claim 9,

wherein a value of resistance of the resistor is equal to or
less than 100 times of a value of resistance of a resistor
between the sub picture element electrode capacitively
coupled to the control electrode and the common
electrode.

11. The liquid crystal display device according to claim 9,

wherein a value of resistance of the resistor is set such that
a voltage retention rate of the sub picture element
electrode capacitively coupled to the control electrode
is equal to or more than 50% in one frame period.

12. The liquid crystal display device according to claim 9,

wherein the resistor is made of silicon.
13. The liquid crystal display device according to claim 9,

wherein the resistor is formed into a shape of a mound
along a slit for dividing the plurality of sub picture
element electrodes, and

the resistor constitutes at least part of a domain regulating
structure for regulating a direction of inclination of a
liquid crystal molecule.

14. A liquid crystal display device which includes:

first and second substrates disposed opposite to each
other;

a liquid crystal sealed between the first and second
substrates,
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a gate bus line and a data bus line formed on the first
substrate;

a thin film transistor connected to the gate bus line and the
data bus line;

a plurality of sub picture element electrodes formed in a
picture element region defined by the gate bus line and
the data bus line;

a control electrode capacitively coupled to at least one of
the plurality of sub picture element electrodes and to
which a display voltage is applied from the data bus
line through the thin film transistor; and

an auxiliary capacitance bus line maintained at constant
electric potential and constituting an auxiliary capaci-
tance together with the control electrode,

wherein the liquid crystal display device includes a
switching element to be driven by a signal flowing on
a different gate bus line from the gate bus line to which
the thin film transistor is connected, the switching
element being provided in any of a location between
the sub picture element electrode capacitively coupled
to the control electrode and the auxiliary capacitance
bus line or a location between the sub picture element
electrode capacitively coupled to the control electrode
and the sub picture element electrode connected to the
thin film transistor.

15. The liquid crystal display device according to claim

14,

wherein the switching element is a thin film transistor.
16. A method of preventing image sticking on a liquid
crystal display device which includes:

first and second substrates disposed opposite to each
other;

a liquid crystal sealed between the first and second
substrates;

a gate bus line and a data bus line formed on the first
substrate;

a thin film transistor connected to the gate bus line and the
data bus line;

a plurality of sub picture element electrodes formed 1n a
picture element region defined by the gate bus line and
the data bus line;

a control electrode capacitively coupled to at least one of
the plurality of sub picture element electrodes and to
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which a display voltage is applied from the data bus
line through the thin film transistor;

an auxiliary capacitance bus line maintained at constant
electric potential and constituting a first auxiliary
capacitance together with the control electrode; and

a common electrode formed on the second substrate and
opposed to the plurality of sub picture element elec-
trodes on the first substrate,

wherein the method includes the step of forming a second
auxiliary capacitance parallel to a capacitance between
the sub picture element electrode capacitively coupled
to the control electrode and the common electrode.
17. A liquid crystal display device comprising:

first and second substrates disposed opposite to each
other;

a liquid crystal sealed between the first and second
substrates;

a gate bus line and a data bus line formed on the first
substrate;

a thin film transistor connected to the gate bus line and the
data bus line;

a plurality of sub picture element electrodes formed in a
picture element region defined by the gate bus line and
the data bus line;

a control electrode capacitively coupled to at least one of
the plurality of sub picture element electrodes and to
which a display voltage is applied from the data bus
line through the thin film transistor;

an auxiliary capacitance bus line maintained at constant
electric potential and constituting a first auxiliary
capacitance together with the control electrode; and

an auxiliary capacitance electrode which is electrically
connected to a sub picture element electrode capaci-
tively coupled to the control electrode and constituting
a second auxiliary capacitance together with the aux-
iliary capacitance bus line.

18. The liquid crystal display device according to claim

17,

wherein the auxiliary capacitance electrode is formed in a
layer between the sub picture element electrode and the
auxiliary capacitance bus line.
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