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7) ABSTRACT

A liquid crystal display device has an opposing substrate on
which an opposing electrode is formed, a TFT substrate on
which pixel electrodes arranged in matrix, thin film transis-
tors connected to the pixel electrodes respectively, and gate
lines and data lines for the thin film transistors are formed,
vertical alignment films formed on the opposing inner
surfaces of these substrates, and a liquid crystal layer
disposed between the vertical alighment films and having
negative dielectric anisotropy. Each pixel electrode has a slit
formed for separating each pixel into a plurality of sub-
pixels by partially eliminating the pixel electrode with a
connecting portion left at which adjoining electrode portions
of each pixel electrode is connected with each other. The
width W, of the pixel electrode that runs in a direction in
which the slit is formed and width W, of the connecting
portion have a ratio W,/W, of 0.13 or lower.
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VERTICAL ALIGNMENT LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a vertical align-
ment active matrix liquid crystal display device using a thin
film transistor (hereinafter referred to as TFT) as an active
element.

[0003] 2. Description of the Related Art

[0004] A vertical alignment liquid crystal display device
comprises a pair of substrates opposite to each other with a
predetermined gap therebetween, a plurality of pixel elec-
trodes arranged in a matrix of rows and columns on the inner
surface of one substrate of the opposing inner surfaces of the
pair of substrate, a plurality of TFTs arranged on the inner
surface of the one substrate correspondingly to the plurality
of pixel electrodes and connected to the corresponding pixel
electrodes, a plurality of gate lines and data lines formed on
the inner surface of the one substrate respectively between
the rows of pixel electrodes and the columns of pixel
electrodes for supplying a gate signal and a data signal to the
TFTs on the corresponding rows and columns, an opposing
electrode formed on the inner surface of the other substrate
so as to oppose to each of the plurality of pixel electrodes,
vertical alignment films formed so as to cover the electrodes
on the inner surfaces of the front substrate and back substrate
respectively, and a liquid crystal layer having a negative
dielectric anisotropy filled in the gap between the front
substrate and the back substrate.

[0005] The vertical alignment liquid crystal display device
displays an image by aligning liquid crystal molecules being
in the vertically aligned state to lie down by applying a
voltage between each of the pixel electrodes and the oppos-
ing electrode, in each of a plurality of pixels that are defined
in the areas where the plurality of pixel electrodes and the
opposing electrode face each other. As the voltage is applied,
the liquid crystal molecules in each pixel are so aligned as
to lie down to the substrate.

1. Field of the Invention

[0006] Such a vertical alignment liquid crystal display
device causes variation in the state of lying alignment of the
liquid crystal molecules in accordance with the voltages
applied to the respective pixels, resulting in display uneven-
ness.

[0007] Hence, in order to stabilize the alignment state of
each pixel and obtain a wider view angle characteristic, it is
proposed to form a plurality of domains where the liquid
crystal molecules are aligned along plural directions pixel by
pixel. For instance, as described in the specification of
Japanese Patent Publication No. 2565639, a liquid crystal
display apparatus proposed has the opposing electrode
formed with a slit with the shape of a letter X, so that the
liquid crystal molecules in each pixel are so aligned as to tilt
toward the center of the X-shaped slit along the four
directions when a voltage is applied between the two elec-
trodes facing each other.

[0008] However, since it is required in this liquid crystal
display device that the domains be formed which has
different alignment directions from each other due to the
X-shaped slit formed in each pixel, the X-shaped slit needs
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to be formed to have a sufficiently large width in order to
prohibit the interaction between the domains. This increases
the area of the slit, which is not controllable by electric
fields, in each pixel, thereby reduces the area where the
opposing electrode and the pixel electrode face each other,
resulting in a low aperture ratio.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a
vertical alignment active matrix liquid crystal display device
which can achieve bright display and a wide view angle with
no display unevenness, and can display an image of a
high-quality by aligning the liquid crystal molecules in each
pixel stably into the lying alignment by applying a voltage.

[0010] To achieve the above object, a liquid crystal display
device according to a first aspect of the present invention
comprises:

[0011] a pair of substrates opposing to each other with a
predetermined gap therebetween;

[0012] at least one opposing electrode formed on an inner
surface of one substrate of the pair of substrates;

[0013] a plurality of pixel electrodes arranged in a matrix
of arow direction and a column direction on an inner surface
of the other substrate of the pair of substrates, each defining
a pixel in an area where each faces the opposing electrode,
and each having at least one slit for separating each into a
plurality of electrode portions to divide each pixel into a
plurality of sub-pixels, which slit is formed by eliminating
a part of each pixel electrode so as to leave un-eliminated a
connecting portion which has a predetermined width, at
which adjoining electrode portions of each pixel electrode
are connected with each other, and whose width is formed so
as to be smaller than Y5 of a width of each pixel electrode
which width runs in a direction in which the slit is formed;

[0014] a plurality of thin film transistors formed on the
inner surface of the other substrate so as to correspond to the
plurality of pixel electrodes respectively, and connected to
the corresponding pixel electrodes respectively;

[0015] aplurality of gate lines and data lines formed on the
inner surface of the other substrate between rows and
columns of the plurality of pixel electrodes respectively, for
supplying a gate signal and a data signal to the thin film
transistors on the corresponding rows and columns;

[0016] wvertical alignment films formed on the inner sur-
faces of the one and the other substrates respectively, so as
to cover the pixel electrodes and the opposing electrode; and

[0017] a liquid crystal layer filled in the gap between the
pair of substrates and having a negative dielectric anisot-

ropy.

[0018] The liquid crystal display device according to the
first aspect provides each pixel electrode with at least one slit
for separating the pixel electrode into a plurality of electrode
portions to divide one pixel into a plurality of sub-pixels, by
eliminating a part of the pixel electrode with a connecting
portion kept that has a predetermined width for connecting
sub-pixels of adjoining electrode portions of the pixel elec-
trode, and has the width of the connecting portion formed to
be smaller than ¥ of the width of the pixel electrode which
width of the pixel electrode runs in the direction in which the
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slit is formed. Thus, when a voltage is applied, the liquid
crystal molecules in each pixel can be stably aligned into a
lying alignment, sub-pixel by sub-pixel corresponding to the
plurality of electrode portions, from the periphery of the
sub-pixels toward the center of the sub-pixels, without being
influenced by the alignment of the liquid crystal molecules
in the other sub-pixels corresponding to the adjoining elec-
trode portion. Accordingly, a high-quality image with no
display roughness can be displayed, and a bright image can
be displayed because the aperture ratio of each pixel is not
lowered.

[0019] In the present liquid crystal display device, it is
preferred that a width W, as the width of the pixel electrode
that runs in the direction in which the slit is formed and a
width W, as the width of the connecting portion at which
adjoining electrode portions of each pixel electrode are
connected with each other be set to values which satisfy
W,/W,=0.13.

[0020] Ttis further preferred that a width of the slit of each
pixel electrode be 4.0 pm or smaller.

[0021] In the present liquid crystal display device, it is
further preferred that each of the plurality of pixel electrodes
be formed in an elongated shape having shorter sides and
longer sides, have the thin film transistor connected to one
end of one of the shorter sides thereof, and be provided with
the at least one slit which extends in a direction parallel with
the shorter sides for separating the pixel electrode into the
plurality of electrode portions, and each of the plurality of
separated electrode portions of the pixel electrode be formed
in substantially a shape of a square.

[0022] A liquid crystal display device according to a
second aspect of the present invention comprises:

[0023] a pair of substrates opposing to each other with a
predetermined gap therebetween;

[0024] at least one opposing electrode formed on an inner
surface of one substrate of the pair of substrates;

[0025] a plurality of pixel electrodes arranged in a matrix
of arow direction and a column direction on an inner surface
of the other substrate of the pair of substrates, each defining
a pixel in an area where each faces the opposing electrode,
and each having at least one slit for separating each into a
plurality of electrode portions to divide each pixel into a
plurality of sub-pixels, which slit is formed by eliminating
a part of each pixel electrode so as to leave un-eliminated a
connecting portion which has a predetermined width, at
which adjoining electrode portions of each pixel electrode
are connected with each other, and which is formed at a
position off a center of a width of each pixel electrode which
width runs in a direction in which the slit is formed, toward
one side of the width of the pixel electrode;

[0026] a plurality of thin film transistors formed on the
inner surface of the other substrate so as to correspond to the
plurality of pixel electrodes respectively, and connected to
the corresponding pixel electrodes respectively;

[0027] aplurality of gate lines and data lines formed on the
inner surface of the other substrate between rows and
columns of the plurality of pixel electrodes respectively, for
supplying a gate signal and a data signal to the thin film
transistors on the corresponding rows and columns;
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[0028] wvertical alignment films formed on the inner sur-
faces of the one and the other substrates respectively, so as
to cover the pixel electrodes and the opposing electrode; and

[0029] a liquid crystal layer filled in the gap between the
pair of substrates and having a negative dielectric anisot-

ropy.

[0030] The liquid crystal display device according the
second aspect provides each pixel electrode with at least one
slit for separating the pixel electrode into a plurality of
electrode portions to divide each pixel into a plurality of
sub-pixels, by eliminating a part of the pixel electrode with
a connecting portion kept that has a predetermined width for
connecting adjoining electrode portions of the pixel elec-
trode, and has the connecting portion formed at a position
that is off the center of the width of the pixel electrode which
width runs in the direction in which the slit is formed, toward
one of the both sides of that width of the pixel electrode.
Therefore, when a voltage is applied, the liquid crystal
molecules in each pixel can be stably aligned into a lying
alignment, sub-pixel by sub-pixel corresponding to the
plurality of electrode portions of each pixel electrode, from
the periphery of the sub-pixel toward the center of the
sub-pixel, without being influenced by the alignment of the
liquid crystal molecules in the sub-pixel corresponding to
the adjoining electrode portion. Accordingly, a high-quality
image with no display roughness can be displayed, and a
bright image can be displayed because the aperture ratio of
each pixel is not lowered.

[0031] In the present liquid crystal display device, it is
preferred that each of the plurality of pixel electrodes be
formed in an elongated shape having shorter sides and
longer sides, have the thin film transistor connected to one
end of one of the shorter sides thereof, be provided with the
at least one slit which extends in a direction parallel with the
shorter sides for separating the pixel electrode into the
plurality of electrode portions, and have the connecting
portion at which the plurality of electrode portions are
connected with each other formed at the longer side that is
opposite to the longer side to which the thin film transistor
is closer. In this case, it is preferred that each of the plurality
of pixel electrodes have an elongated shape whose longer
sides are substantially three times larger than the shorter
sides, and be provided with at least two slits for separating
the pixel electrode into at least three or more electrode
portions in a direction of the longer sides, with connecting
portions of the respective slits formed at opposite longer
sides of the pixel electrode alternately.

[0032] Further in the present liquid crystal display device,
it is preferred that each of the plurality of pixel electrodes be
formed in substantially a shape of a rectangle having shorter
sides and longer sides, have the thin film transistor con-
nected at one end of one shorter side thereof, and be
provided with a plurality of slits for separating the pixel
electrode into a plurality of electrode portions which are
arranged in two columns and two rows, with connecting
portions at which adjoining electrode portions are connected
with each other being formed between each of the plurality
of electrode portions and its adjoining electrode portion in a
same column and between each of the plurality of electrode
portions and its adjoining electrode portion in a same row.
In this case, it is preferred that the connecting portion at
which, of the plurality of electrode portions, the electrode
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portion to which the thin film transistor is connected and the
electrode portion adjoining this electrode portion is con-
nected with each other be formed at one shorter side of the
pixel electrode other than one longer side thereof that is
closer to the thin film transistor.

[0033] Furthermore, it is preferred in the present liquid
crystal display device that each of the plurality of electrode
portions into which each pixel electrode is separated be
formed in substantially a shape of a square.

[0034] Further, it is preferred that the present liquid crystal
display device further comprise a compensating-capacitor
electrode formed between a surface of the other substrate on
which the plurality of pixel electrodes are provided and pixel
electrodes, so as to correspond to a circumference of each of
the plurality of pixel electrode and so as to partially overlap
with the circumference of the pixel electrode while being
insulated from the pixel electrode, for forming a compen-
sating capacity between itself and the pixel electrode and for
forming a region of an electric field having a predetermined
value between itself and the opposing electrode. Further-
more, it is preferred that the present liquid crystal display
device further comprise an auxiliary electrode formed
between a surface of the other substrate and the plurality of
pixel electrodes, so as to correspond to the slit of each of the
plurality of pixel electrodes and so as to face the opposing
electrode on the one substrate, for forming an electric field
having a predetermined value between itself and the oppos-
ing electrode. Yet further, it is preferred that the present
liquid crystal display device comprise both of the compen-
sating-capacitor electrode and the auxiliary electrode.

[0035] A liquid crystal display device according to a third
aspect of the present invention comprises:

[0036] a pair of substrates opposing to each other with a
predetermined gap therebetween,

[0037] at least one opposing electrode formed on an inner
surface of one substrate of the pair of substrates;

[0038] a plurality of pixel electrodes arranged in a matrix
of arow direction and a column direction on an inner surface
of the other substrate of the pair of substrates, each defining
a pixel in an area where each faces the opposing electrode,
and each having at least one slit for separating each into a
plurality of electrode portions to divide each pixel into a
plurality of sub-pixels having a shape of substantially a
square, which slit is formed by eliminating a part of each
pixel electrode so as to leave un-eliminated a connecting
portion which has a predetermined width, and at which
adjoining electrode portions of each pixel electrode are
connected with each other;

[0039] a plurality of thin film transistors formed on the
inner surface of the other substrate so as to correspond to the
plurality of pixel electrodes respectively, and which are
connected to the corresponding pixel electrodes respec-
tively;

[0040] aplurality of gate lines and data lines formed on the
inner surface of the other substrate between rows and
columns of the plurality of pixel electrodes respectively, for
supplying a gate signal and a data signal to the thin film
transistors on the corresponding rows and columns;

[0041] wvertical alignment films formed on the inner sur-
faces of the one and the other substrates respectively, so as
to cover the pixel electrodes and the opposing electrode;
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[0042] a liquid crystal layer filled in the gap between the
pair of substrates and having a negative dielectric anisot-
ropy; and

[0043] an auxiliary electrode formed between a surface of
the other substrate on which the plurality of pixel electrodes
are provided and these pixel electrodes, so as to correspond
to a circumference of each of the plurality of pixel electrodes
and the slit while being insulated from each pixel electrode,
for forming a region between itself and the opposing elec-
trode in which region an electric field having a predeter-
mined value is generated.

[0044] The liquid crystal display device according to the
third aspect provides each pixel electrode with at least one
slit for separating the pixel electrode into a plurality of
electrode portions to divide each pixel into a plurality of
sub-pixels having a shape of substantially a square, by
eliminating a part of the pixel electrode with a connecting
portion kept that has a predetermined width for connecting
the sub-pixels of adjoining electrode portions of the pixel
electrode, and has an auxiliary electrode formed between the
surface of the other substrate on which the plurality of pixel
electrodes are provided and a plane on which these pixel
electrodes are formed so as to correspond to the circumfer-
ence of each of the plurality of pixel electrodes and the slit
while being insulted from the pixel electrodes, for forming
a region between itself and the opposing electrode in which
region an electric field having a predetermined value is
generated. Therefore, when a voltage is applied, the liquid
crystal molecules in each pixel can be stably aligned into a
lying alignment, sub-pixel by sub-pixel corresponding to the
plurality of electrode portions of each pixel electrode, from
the periphery of the sub-pixel toward the center of the
sub-pixel, without being influenced by the alignment of the
liquid crystal molecules in the sub-pixel corresponding to
the adjoining electrode portion. Accordingly, a high-quality
image with no display roughness can be displayed, and a
bright image can be displayed because the aperture ratio of
each pixel is not lowered.

[0045] 1In the present liquid crystal display device, it is
preferred that the auxiliary electrode be formed along the
circumference of each pixel electrode and along edges of the
electrode portions which are separated by the slit, so as to
partially overlap with the circumference and the electrode
portions. In this case, it is preferred that the auxiliary
electrode form a compensating-capacitor electrode for form-
ing a compensating capacity between itself and the opposing
electrode. Further, it is preferred that an electric potential of
the auxiliary electrode be set to substantially a same value as
an electric potential of the opposing electrode.

[0046] Ttis preferred that the present liquid crystal display
device further comprise protrusions formed on the inner
surface of the one substrate on which the opposing electrode
is formed, at positions corresponding to a center of the
respective electrode portions which are separated by the slit
of each of the plurality of pixel electrode on the other
substrate. With this structure, a stable state of alignment of
the liquid crystal molecules can be obtained sub-pixel by
sub-pixel corresponding to the electrode portions of each
pixel, when a voltage is applied.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0047] These objects and other objects and advantages of
the present invention will become more apparent upon
reading of the following detailed description and the accom-
panying drawings in which:

[0048] FIG. 1 is a plan view of one part of one substrate
of a liquid crystal display device as the first embodiment of
the present invention;

[0049] FIG. 2 is a cross sectional view of the liquid crystal
display device of FIG. 1 as cut along the line II-II;

[0050] FIG. 3 is a cross sectional view of the liquid crystal
display device of FIG. 1 as cut along the line III-IIT;

[0051] FIG. 4 is a plan view exemplarily showing a state
of alignment of liquid crystal molecules in each sub-pixel
corresponding to each of a plurality of electrode portions of
a pixel electrode of the liquid crystal display device accord-
ing to the first embodiment, when a voltage is applied;

[0052] FIG. 5 is a plan view of one part of one substrate
of a liquid crystal display device as the second embodiment
of the present invention;

[0053] FIG. 6 is a plan view exemplarily showing a state
of alignment of liquid crystal molecules in each sub-pixel
corresponding to each of a plurality of electrode portions of
a pixel electrode when a voltage is applied, due to the
position of connecting portions of the electrode portions;

[0054] FIG. 7 is a plan view of one pixel on one substrate
of a liquid crystal display device as the third embodiment of
the present invention;

[0055] FIG. 8 is a plan view of one pixel on one substrate
of a liquid crystal display device as the fourth embodiment
of the present invention;

[0056] FIG. 9 is a plan view of one pixel on one substrate
of a liquid crystal display deice as the fifth embodiment of
the present invention;

[0057] FIG. 10 is a plan view of one part of on substrate
of a liquid crystal display device as the sixth embodiment of
the present invention;

[0058] FIG. 11 is a cross sectional view of the liquid
crystal display device of FIG. 10 as cut along the line XI-XI;

[0059] FIG. 12 is a cross sectional view of the liquid
crystal display device of FIG. 10 as cut along the line
X1I-XTI,

[0060] FIG. 13 is a plan view exemplarily showing a state
of alignment of liquid crystal molecules in one pixel of the
liquid crystal display device according to the sixth embodi-
ment, when a voltage is applied; and

[0061] FIG. 14 is a cross sectional view exemplarily
showing a state of alignment of liquid crystal molecules in
one pixel of the liquid crystal display device according to the
sixth embodiment, when a voltage is applied.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0062] Liquid crystal display devices will be described
below as embodiments of the present invention with refer-
ence to the accompanying drawings.
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First Embodiment

[0063] FIG. 1 to FIG. 4 show the first embodiment of the
present invention, where FIG. 1 is a plan view of a liquid
crystal display device showing one part of a substrate on
which pixel electrodes are formed, and FIG. 2 and FIG. 3
are cross sections of the liquid crystal display device of FIG.
1, as cut along the line II-II and the line III-III respectively.

[0064] The liquid crystal display device is a vertical
alignment active matrix liquid crystal display device, and
comprises a pair of transparent substrates 1 and 2 opposite
to each other with a predetermined gap therebetween as
shown in FIG. 1 to FIG. 3. At least one transparent opposing
electrode 17 is formed on the inner surface of one substrate
of the opposing inner surfaces of the pair of substrates 1 and
2, for example, on the inner surface of the substrate 2 on the
viewer side (hereinafter referred to as front substrate).
Formed on the inner surface of the other substrate of the
opposing inner surfaces of the pair of substrates 1 and 2, i.e.,
on the inner surface of the substrate 1 counter to the display
viewing position (hereinafter referred to as rear substrate)
are a plurality of transparent pixel electrodes 3 arranged in
a matrix of a row direction (left and right direction in FIG.
1) and a column direction (upward and downward direction
in FIG. 1) to each define a pixel in the area where each faces
the opposing electrode 17, a plurality of TFTs 6 formed
correspondingly to the plurality of pixel electrodes 3 and
connected to the corresponding pixel electrodes 3 respec-
tively, and a plurality of gate lines 12 and data lines 13
formed between the rows of pixel electrodes and the col-
umns of pixel electrodes to supply a gate signal and a data
signal to the TFTs 6 on the corresponding rows and columns.
Vertical alignment films 16 and 20 are formed on the inner
surfaces of the pair of substrates 1 and 2 respectively, so as
to cover the electrodes 3 and 17. A liquid crystal layer 21
having a negative dielectric anisotropy is filled in the gap
between the pair of substrates 1 and 2.

[0065] The plurality of TFTs 6 comprise a gate electrode
7 formed on the surface of the rear substrate 1, a transparent
gate insulation film 8 formed so as to cover the gate
electrode 7 and extend over the entire region where the pixel
electrode 3 is to be arranged, an i-type semiconductor film
9 formed on the gate insulation film 8 so as to be opposite
to the gate electrode 7, and a drain electrode 10 and source
electrode 11 formed on the one and the other edges of the
i-type semiconductor film 9 via an unillustrated n-type
semiconductor film.

[0066] The plurality of pixel electrodes 3 are formed on
the gate insulation film 8. In order to increase the pixel
density and improve the definition of the liquid crystal
display device, the pixel electrodes 3 are formed in an
elongated shape having longer sides in the column direction
(direction along the data lines 13) and shorter sides in the
row direction (direction along the gate lines 12), with the
longer sides being substantially three times the length of the
shorter sides. The TFT 6 is arranged at one end of one
shorter-side edge of the elongated-shaped pixel electrode 3,
with its source electrode 11 connected to a corresponding
edge portion of the pixel electrode 3.

[0067] Each of the plurality of pixel electrodes 3 is pro-
vided with slits 4 which separate the pixel electrode 3 into
a plurality of electrode portions which are connected with
each other at part of the adjoining edges thereof at which
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they are separated from each other. That is, each pixel
electrode 3 is provided with at least one slit which separates
the pixel electrode 3 into a plurality of electrode portions to
divide one pixel into a plurality of sub-pixels. The slit is
formed by partially eliminating the pixel electrode 3 with a
connecting portion 5 having a predetermined width left, at
which the regions of adjoining electrode portions of one
pixel electrode 3 are connected. The slit 4 is formed to have
a width of] for example, 4.0 um or smaller.

[0068] According to the present embodiment, the pixel
electrode 3 is formed in an elongated shape whose width
(length of the shorter sides) is approximately ¥5 of its length
(length of the longer sides), and is separated into three
electrode portions 3a, 3b, and 3¢ having substantially a
shape of square, by forming slits 4 extending along the
widthwise direction of the pixel electrode 3 at two positions
that substantially trisect the length of the pixel electrode 3.

[0069] Further, according to the present embodiment, the
slits 4 are formed such that the center of width of the pixel
electrode 3 is left untouched to provide the both ends of each
slit 4 at both side edges of the pixel electrode 3 so as to be
opened thereat, thereby forming the connecting portions 5
that connect the electrode portions 3a, 35, and 3¢ at the
center of width.

[0070] Assuming that the width of the pixel electrode 3
that extends in a direction parallel with the slits 4 formed in
the pixel electrode 3 for forming the electrode portions 3a,
3b, and 3¢ is W, and the width of the connecting portions
5 at which the electrode portions 3¢ and 34, and the
electrode portions 35 and 3¢ adjoin each other with the slits
4 therebetween is W, as shown in FIG. 1, the width W, of
the connecting portions 5 is formed smaller than 5 of the
width W, of the pixel electrode 3, so as not to be smaller than
a limit at which the electric resistivity of the connecting
portions 5 exceeds a tolerable value. More preferably, the
width W, of the connecting portions 5 and the width W, of
the pixel electrode 3 are set to values that satisfy

W,/W,<0.13.

[0071] That is, according to the present embodiment, the
width W, of the connecting portions 5 is set to a value which
is equal to or smaller than %00 of the width W, of the
electrode portions 3a, 35, and 3¢ in the direction parallel
with the slits 4, and at which the electric resistivity value of
the connecting portions 5 does not go beyond a tolerable
range.

[0072] Compensating-capacitor electrodes 14 are formed
on the substrate of the rear substrate 1 correspondingly to the
pixel electrodes 3 on each row along the circumference of
each pixel electrode 3 except around the portion at which the
source electrode 11 of the TFT 6 is connected. The com-
pensating-capacitor electrode 14 faces each pixel electrode
3 via the gate insulation film 8 and forms a compensating
capacity between itself and the pixel electrode 3 with the
gate insulation film 8 serving as a dielectric layer.

[0073] The compensating-capacitor electrode 14 is posi-
tioned along the circumference of the pixel electrode 3 so as
to partially overlap with the pixel electrode 3 with insula-
tivity kept between them, and so as to be led out away from
the circumference of the pixel electrode 3 to have a prede-
termined width.
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[0074] The compensating-capacitor electrodes 14 corre-
sponding to the pixel electrodes 3 on each row are integrally
connected with each other on each row of pixel electrodes at
one side of the pixel electrodes 3 opposite to the TFT
connection side thereof. The compensating-capacitor elec-
trodes 14 on each row are formed to extend to the outside of
the region where the plurality of pixel electrodes 3 are
formed, and connected in common to an unillustrated
capacitor electrode connection line which is provided in
parallel with the data line 13 at one outer edge or both outer
edges of the region where the pixel electrodes 3 are
arranged.

[0075] Further, an overcoat insulation film 15 which cov-
ers the plurality of TFTs 6 and the data lines 13 but not the
plurality of pixel electrodes 3 is formed on the inner surface
of the rear substrate 1, and the vertical alignment film 16 is
formed on the overcoat insulation film 15.

[0076] On the other hand, formed on the inner surface of
the front substrate 2 are a latticed black mask 18 which faces
the regions between the plurality of pixels formed by the
regions in which the plurality of pixel electrodes 3 formed
on the inner surface of the rear substrate 1 and the opposing
electrode 17 formed on the inner surface of the front
substrate 2 are opposite to each other, and color filters 19R,
19G, and 19B having three colors of red, green, and blue that
correspond to the plurality of pixels respectively. The oppos-
ing electrode 17 is formed on the color filters 19R, 19G, and
19B. The vertical alignment film 20 is formed on the
opposing electrode 17.

[0077] The rear substrate 1 and the front substrate 2 are
jointed to each other via an unillustrated frame-shaped
sealing member that surrounds the region where the plurality
of pixel electrodes 3 are arranged.

[0078] The rear substrate 1 has, though not illustrated,
led-out portions which are led out toward the outside of the
front substrate 2, at one end of the row direction and one end
of the column direction respectively. A plurality of gate
driver connection terminals are arranged on the led-out
portion of the row direction, and a plurality of data driver
connection terminals are arranged on the led-out portion of
the column direction.

[0079] The plurality of gate lines 12 are led toward the
led-out portion of the row direction to be connected to the
plurality of gate driver connection terminals. The plurality of
data lines 13 are led toward the led-out portion of the column
direction to be connected to the plurality of data driver
connection terminals. The unillustrated capacitor electrode
connection line to which the compensating-capacitor elec-
trodes 14 on each row are connected is led toward one or
both of the led-out portions of the row and column directions
to be connected to an unillustrated electric potential supply
terminal having a predetermined electric potential, of the
plurality of driver connection terminals on that led-out
portion.

[0080] Furthermore, an opposing electrode connection
line is formed on the inner surface of the rear substrate 1 so
as to be led from near a corner of an unillustrated substrate-
jointed portion where the substrates are jointed by the
sealing member toward one or both of the led-out portions
of the row and column directions to be connected to the
electric potential supply terminal of the driver connection
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terminals. The opposing electrode 17 formed on the inner
surface of the front substrate 2 is connected, at the substrate-
jointed portion, to the opposing electrode connection line
and further to the electric potential supply terminal through
the opposing electrode connection line. That is, the electric
potential of the plurality of compensating-capacitor elec-
trodes 14 is made equal to that of the opposing electrode 17.

[0081] The liquid crystal layer 21 is filled in the region
surrounded by the sealing member between the rear sub-
strate 1 and front substrate 2, and the liquid crystal mol-
ecules 21a of the liquid crystal layer 21 are aligned generally
perpendicularly to the substrates 1 and 2 due to the vertical
aligning property of the vertical aligning films 16 and 20
formed on the inner surfaces of the substrates 1 and 2
respectively.

[0082] Polarizing plates 22 and 23 are disposed on the
external surfaces of the rear substrate 1 and front substrate
2 respectively, with their transmission axes aligned in pre-
determined directions. According to the present embodi-
ment, the transmission axes of the polarizing plates 22 and
23 are aligned so as to be substantially orthogonal to each
other, so as to permit the liquid crystal display device to
perform display of a normally black mode.

[0083] The present liquid crystal display device is pro-
vided with the slits 4 that separate each of the plurality of
pixel electrodes 3 into the plurality of electrode portions 3a,
3b, and 3¢ that are connected at the connecting portions 5,
thereby aligning the liquid crystal molecules 21a in each
pixel into a lying alignment that is varied sub-pixel by
sub-pixel corresponding to the plurality of electrode portions
3a, 3b, and 3¢, when a voltage is applied between the pixel
electrodes 3 and the opposing electrode 17. Further, in the
liquid crystal display device, the width W of the plurality of
electrode portions 3a, 35, and 3¢ of the pixel electrode 3 and
the width W, of the connecting portions 5 of the electrode
portions 3¢, 35, and 3¢ are connected are set so as to satisfy
W,/W,=0.13. Thus, when a voltage is applied, the liquid
crystal molecules 21a in each pixel can be aligned into an
orderly lying alignment from the periphery of each sub-pixel
toward the center of the sub-pixel, sub-pixel by sub-pixel
corresponding to the plurality of electrode portions 3a, 3b,
and 3c.

[0084] FIG. 4 is a plan view exemplarily showing the state
of alignment of the liquid crystal molecules in the sub-pixels
corresponding to the plurality of electrode portions 3a, 34,
and 3¢ of the pixel electrode 3 of the liquid crystal display
device according to the present embodiment, when a voltage
is applied. As shown in FIG. 4, in the liquid crystal display
device according to the present embodiment in which the
width W, of the plurality of electrode portions 3a, 3b, and
3¢ of the pixel electrode 3 and the width W, of the con-
necting portions § of the electrode portions 34, 35, and 3¢
are set to satisfy W,/W, =0.13, the liquid crystal molecules
21a in the sub-pixels corresponding to the electrode portions
3a, 35, and 3¢ of the pixel electrode 3 that adjoin each other
with the slits 4 formed therebetween are aligned with almost
no influences induced at the connecting portions 5, and are
brought into an orderly lying alignment sub-pixels by sub-
pixels corresponding to the plurality of electrode portions
3a, 3b, and 3¢ of the pixel electrode 3, from the periphery
of the sub-pixel toward the center of the sub-pixels.

[0085] As compared with this, if the width W, of the
connecting portions 5 of the electrode portions 3a, 35, and

Jun. 29, 2006

3¢ is made larger than ¥5 of the width W, of the plurality of
electrode portions 3a, 35, and 3¢ of the pixel electrode 3, the
liquid crystal molecules 21« in the sub-pixels corresponding
respectively to the electrode portions 3a, 35, and 3¢ of the
pixel electrode 3 adjoining each other with the slits 4 formed
therebetween are mutually influenced at the connecting
portions 5, thereby the liquid crystal molecules 21a in the
adjoining electrode portions 3a and 3b are aligned to lie
down in the same direction, failing to obtain a uniform
alignment that is separate electrode-portion by portion. In a
case where the ratio of the width W, of the connecting
portions 5 of the electrode portions 3a, 35, and 3¢ to the
width W, of the electrode portions 3a, 35, and 3c is
W,/W,>0.13, a sufficiently stable alignment cannot be
obtained.

[0086] Accordingly, the liquid crystal display device of
the present embodiment can display a high-quality image
with no display roughness, by setting the ratio of the width
W, of the connecting portions 5 of the electrode portions 34,
3b, and 3¢ to the width W, of the electrode portions 3a, 35,
and 3¢ to W,/W,=0.13 to align the liquid crystal molecules
2la in each pixel stably into a lying alignment from the
periphery of the sub-pixels toward the center of the sub-
pixels sub-pixel by sub-pixel corresponding to the plurality
of electrode portions 3a, 35, and 3¢ of the pixel electrode 3,
when a voltage is applied.

[0087] Furthermore, since the present liquid crystal dis-
play device has each of the plurality of electrode portions 3¢,
3b, and 3¢ of the pixel electrode 3 formed in substantially a
shape of square, the liquid crystal molecules 21a in each
sub-pixels corresponding to the electrode portions 3a, 35,
and 3c of the pixel electrode 3 can be aligned in a lying
alignment with a fine balance, from the periphery of the
sub-pixel toward the center of the sub-pixels, making the
lying alignment of the liquid crystal molecules 214 in each
sub-pixels corresponding to the plurality of electrode por-
tions 3a, 3, and 3¢ of the pixel electrode 3 more stable,
contributing to displaying an image of a much higher
quality.

[0088] Further, the liquid crystal display device is pro-
vided with the slits 4 that separates the pixel electrode 3 into
the plurality of electrode portions 3a, 35, and 3¢ in each of
the plurality of pixel electrodes 3. As the width of each slit
4 is equal to or 4.0 um or smaller as described above, a
sufficient aperture ratio can be obtained.

Second Embodiment

[0089] FIG. 5 is a plan view of one part of one substrate
of a liquid crystal display device as the second embodiment
of the present invention. In the present embodiment, the
components same as those in the first embodiment will be
given the same reference numerals, and explanation for such
components will be omitted.

[0090] The liquid crystal display device according to the
present embodiment is structured as follows: the plurality of
pixel electrodes 3 are formed in an elongated shape having
shorter sides in the row direction and longer sides in the
column direction; the source electrode 11 of each TFT 6 is
connected to one end of one shorter side of each of the
plurality of pixel electrodes 3; the pixel electrodes 3 are each
provided with slits 41 which separate the pixel electrode 3
into a plurality of, for example, three electrode portions 3a,
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3b, and 3¢ which are arranged side by side in the direction
of the longer side; and connecting portions 51 at which the
electrode portions 3a and 35, and the electrode portions 35
and 3¢ are connected with each other are each formed at a
position off the center of width of the electrode portions 3a,
3b, and 3¢ in the direction parallel with the slits 41 toward
one side of the width of the electrode portions 3a, 35, and 3c.
The structure of the liquid crystal display device of the
present invention is the same as that of the liquid crystal
display device of the first embodiment in the other respects.

[0091] In the present liquid crystal display device, the
connecting portion 51 at which, of the plurality of electrode
portions 3a, 35, and 3¢ of the pixel electrode 3, at least the
electrode portion 3a to which the TFT 6 is connected and the
electrode portion 35 adjoining the electrode portion 3a are
connected with each other, is formed at the other end of the
shorter side opposite to the one end of the shorter side at
which the TFT 6 is connected.

[0092] Note that according to the present embodiment, the
connecting portion 51 between the electrode portion 3a at
one end of the pixel electrode 3 to which the TFT 6 is
connected and the central electrode portion 35 adjoining the
electrode portion 3¢, and the connecting portion 51 between
the central electrode portion 35 and the electrode portion 3¢
at the other end of the pixel electrode 3 are both formed at
the other end of the shorter side opposite to the one end of
the shorter side at which the TFT 6 is connected.

[0093] Likewise the first embodiment, the present liquid
crystal display device provides each of the plurality of pixel
electrodes 3 with the slits 41 that separate the pixel electrode
3 into the plurality of electrode portions 3a, 3b, and 3¢ which
are connected with each other at part of the adjoining edges
thereof, thereby aligning the liquid crystal molecules 214 in
each pixel into a lying alignment that is varied sub-pixels by
sub-pixels corresponding to the plurality of electrode por-
tions 3a, 3b, and 3¢, when a voltage is applied between the
pixel electrodes 3 and the opposing electrode 17.

[0094] Since the liquid crystal display device according to
the present embodiment has each of the connecting portions
51 formed at a position off the center of width of the
electrode portions 3a, 35, and 3¢ in the direction parallel
with the slits 41 toward one side of the width of the electrode
portions 3a, 35, and 3¢, the influence given by the alignment
of the liquid crystal molecules 21«4 in the electrode portion
3a on the liquid crystal molecules 21a in the electrode
portions 35 and 3¢ can be reduced, thereby the liquid crystal
molecules 21a in each sub-pixel are brought into an orderly
lying alignment from the periphery of the sub-pixels toward
the center of the sub-pixels, sub-pixel by sub-pixels corre-
sponding to the plurality of electrode portions 3a, 35, and 3¢
of the pixel electrode 3, enabling a high-quality image with
no display roughness to be displayed.

[0095] Further, since the present liquid crystal display
device has at least the connecting portion 51 that is between,
of the plurality of electrode portions 34, 3, and 3¢ of the
pixel electrode 3, the electrode portion 3a to which the TFT
6 is connected and the electrode portion 35 adjoining the
electrode portion 3¢ formed at an end of the shorter side
opposite to the end at which the TFT 6 is connected, the
disorder in the alignment of the liquid crystal molecules 21a
caused by an electric field generated around the TFT 6 of the
electrode portion 3a due to a gate signal supplied to the
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electrodes (particularly, the gate electrode) of the TFT 6 is
hindered from influencing the liquid crystal molecules 21a
in the sub-pixel corresponding to the electrode portion 3b
adjoining the electrode portion 3¢ with the slit 41 of the
pixel electrode 3 formed therebetween, making it possible to
cause almost no disorder in the alignment of the liquid
crystal molecules 21a in the electrode portion 35.

[0096] FIG. 6 is a plan view exemplarily showing the state
of alignment of the liquid crystal molecules 21a in each
sub-pixels corresponding to each of the plurality of electrode
portions 3a, 34, and 3¢ of the pixel electrode 3 when a
voltage is applied, wherein this state of alignment appears
due to the position of the connecting portions 51 of the
electrode portions 3a, 34, and 3c. Since, as shown in FIG.
6, the connecting portion 51 is positioned opposite to the
extension line running in the direction of a lateral field
generated between the gate electrode 7 of the TFT 6 and an
edge of the electrode portion 3a that adjoins the TFT 6, the
liquid crystal molecules 21« in the sub-pixels corresponding
to the electrode portion 3a to which the TFT 6 is connected
cause almost no disorder in their alignment due to the
influence of the lateral field generated between the gate
electrode 7 of the TFT 6 and the electrode portion 34, but are
brought into an orderly lying alignment from the periphery
of the sub-pixels toward the center of the sub-pixels.

[0097] Therefore, the liquid crystal molecules 214 in the
respective sub-pixels including the sub-pixel corresponding
to the electrode portion 3a to which the TFT 6 is connected
can be aligned stably into a lying alignment from the
periphery of each sub-pixels toward the center of the sub-
pixel, allowing a high-quality image to be displayed.

[0098] In the liquid crystal display device according to the
present embodiment, it is preferred that each of the plurality
of electrode portions 3a, 35, and 3¢ of the pixel electrode 3
be formed in a shape of substantially a square. With this
shape, the liquid crystal molecules 21a in the sub-pixel
respectively corresponding to the plurality of electrode
portions 3a, 3b, and 3¢ of the pixel electrode 3 can be
aligned into a lying alignment with a fine balance, sub-pixel
by sub-pixel, from the periphery of the sub-pixel toward the
center of the sub-pixel.

[0099] Further, in the liquid crystal display device accord-
ing to the present embodiment, it is preferred that the width
W, as the width of the electrode portions 34, 36, and 3¢ in
the direction parallel with the slits 41 and the width W, as
the width of the connecting portions 51 be set to values that
satisfy W,/W,=0.13, likewise the above-described first
embodiment. With such values, the liquid crystal molecules
2la in each pixel can be more stably aligned into a lying
alignment, sub-pixel by sub-pixel corresponding to the
plurality of electrode portions 3a, 3b, and 3¢ of the pixel
electrode 3, from the periphery of the sub-pixel toward the
center of the sub-pixel, when a voltage is applied.

[0100] Furthermore, it is preferred that the width of the
slits 41 of the pixel electrode 3 be 4.0 um or smaller. With
this width, a sufficient aperture ratio can be obtained.

Third Embodiment

[0101] FIG. 7 is a plan view of one pixel on one substrate
of a liquid crystal display device as the third embodiment of
the present invention. In the present embodiment, the com-



US 2006/0139541 A1

ponents same as those in the first and second embodiments
will be given the same reference numerals, and explanation
for such components will be omitted.

[0102] The liquid crystal display device according to the
present embodiment is structured as follows; the pixel
electrode 3 having an elongated shape is provided with a
plurality of slits 42 which separate the pixel electrode 3 into
three or more (three according to the present embodiment)
electrode portions 3¢, 3b, and 3¢ which are arranged side by
side in the direction of the longer side of the pixel electrode
3; a connecting portion 52 at which, of the electrode portions
3a, 35, and 3¢ of the pixel electrode 3, the electrode portion
3a to which the TFT 6 is connected and the electrode portion
3b adjoining the electrode portion 3a are connected with
each other is formed at an end of the shorter side of the pixel
electrode 3 that is opposite to the end at which the TFT 6 is
connected; and the connecting portion 52 between the two
electrode portions 3a and 34 adjoining each other while
sandwiching therebetween a slit 42 of an odd ordinal num-
ber as counted from the TFT connection side among the
plurality of slits 42, and a connecting portion 52 between the
two electrode portions 35 and 3¢ adjoining each other while
sandwiching therebetween a slit 42 of an even ordinal
number are formed at opposite ends to each other. The
structure of the liquid crystal display device of the present
invention is the same as that of the liquid crystal display
device of the second embodiment in the other respects.

[0103] That is, in the present liquid crystal display device,
the connecting portion 52 at which, of the electrode portions
3a, 3b, and 3¢ of the pixel electrode 3, the electrode portion
3a at one end of the pixel electrode 3 to which the TFT 6 is
connected and the central electrode portion 35 adjoining the
electrode portion 3a are connected with each other is formed
at an end of the shorter side that is opposite to one end of the
shorter side at which the TFT 6 is connected, whereas the
connecting portion 52 at which the central electrode portion
3b and the electrode portion 3¢ at the other end of the pixel
electrode 3 are connected with each other is formed at the
end corresponding to the end at which the TFT 6 is con-
nected. According to the present embodiment, since the
connecting portions 52 are formed at opposite longer sides
of the pixel electrode 3 alternately, the mutual influence
among the liquid crystal molecules 21a in the respective
sub-pixels corresponding to the plurality of electrode por-
tions 3a, 3b, and 3¢ of the pixel electrode 3 due to the
alignments in the respective sub-pixel can be minimized,
allowing the liquid crystal molecules 21a to be aligned into
a lying alignment more stably than the second embodiment,
from the periphery of the sub-pixel toward the center of the
sub-pixel, sub-pixel by sub-pixel in each pixel.

Fourth Embodiment

[0104] FIG. 8 is a plan view of one pixel on one substrate
of a liquid crystal display device as the fourth embodiment
of the present invention. In the present embodiment, the
components same as those in the first and second embodi-
ments will be given the same reference numerals, and
explanation for such components will be omitted.

[0105] The liquid crystal display device according to the
present embodiment is structured as follows: each of the
plurality of pixel electrodes 3 is formed in a shape of
substantially a rectangle; the source electrode 11 of the TFT
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6 is connected at one side of one edge of the pixel electrode
3 as seen lengthwise; the pixel electrode 3 is provided with
a plurality of slits 43 and 44 that separate the pixel electrode
3 into a plurality of electrode portions 3a,,34,, 35|, 3b,, 3¢,
and 3¢, that are arranged side by side along the lengthwise
direction and the widthwise direction respectively, in two
columns in the widthwise direction and in at least two rows,
for example, three rows per column in the lengthwise
direction; and connecting portions 53 and 54 at which
adjoining electrode portions among these electrode portions
3a,, 3a,, 3b,, 3b,, 3c,, and 3¢, are connected with each
other are formed for each electrode portion at at least one of
the locations between each electrode portion and its adjoin-
ing electrode portion in the same column and between each
electrode portion and its adjoining electrode portion in the
same row, at a position that is 20 off the center of widths of
each of the electrode portions 3a, 3a,, 3b,, 3b,, 3c,, and 3¢,
in the directions parallel with the slits 43 and 44 respec-
tively, toward one side of the widths of each electrode
portion. The structure of the liquid crystal display device of
the present embodiment is the same as that of the liquid
crystal display device of the first embodiment in the other
respects.

[0106] According to the present embodiment, one length-
wise slit 43 is formed at the center of the width (shorter side)
of the pixel electrode 3, and widthwise slits 44 are formed
at two positions at which the length (longer side) of the pixel
electrode 3 is substantially trisected. The connecting por-
tions 53 are formed at both ends of the lengthwise slit 43. Of
the widthwise slits 44 at the two positions, the widthwise slit
44 closer to the TFT 6 has its one end that is closer to the
TFT 6 reach the edge of the pixel electrode 3, and has its
other end farther from the TFT 6 provided with the con-
necting portion 54. The other widthwise slit 44 farther from
the TFT 6 has its both ends provided with the connecting
portions 54. With this structure, all the electrode portions
3a,, 3a,, 3b,, 3b,, 3¢,, and 3c, are arranged in two columns
and three rows are connected with each other sequentially at
the connecting portions 53 and 54.

[0107] Since the present liquid crystal display device has
the connecting portions 53 and 54 at which adjoining
electrode portions among the electrode portions 3a,, 3a,,
3b,, 3b,, 3c,, and 3¢, are connected with each other formed
for each electrode portion between each electrode portion
and at least one of'its adjoining electrode portion in the same
column and its adjoining electrode portion in the same row,
at a position that is off the center of widths of each of the
electrode portions 3a,, 3a,, 3b,, 3b,, 3c,, and 3¢, in the
directions parallel with the slits 43 and 44 respectively
toward one side of the widths of each electrode portion, the
liquid crystal molecules 21a in each pixel can be aligned,
when a voltage is applied, stably into a lying alignment,
sub-pixel by sub-pixel corresponding to the plurality of
electrode portions 3a,, 3a,, 3b,, 3b,, 3¢, and 3¢, of the
pixel electrode, from the periphery of the sub-pixel toward
the center of the sub-pixel, enabling a high-quality image
with no display roughness to be displayed, likewise in the
liquid crystal display device according to the second and
third embodiments.

[0108] Further, since the present liquid crystal display
device has at least the connecting portion 53 at which, of the
plurality of electrode portions 3a,, 3a,, 3b,, 3b,, 3¢,, and
3c,, the electrode portion 3a, to which the TFT 6 is con-
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nected and its adjoining electrode portion (according to the
present embodiment, the electrode portion adjoining the
electrode portion 3a, in the direction of row) 3a, are con-
nected with each other formed at a position that is off the
extension line that runs from a lateral field generated
between the gate electrode 7 of the TFT 6 and an edge of the
electrode portion 3a, to which the TFT 6 is connected
(according to the present embodiment, such a position being
on the shorter side of the pixel electrode 3), the disorder in
the alignment of the liquid crystal molecules 21a caused by
a lateral field generated between the gate electrode 7 of the
TFT 6 and the electrode portion 3¢, to which the TFT 6 is
connected in the sub-pixel corresponding to the electrode
portion 34, is hindered from influencing the alignment of the
liquid crystal molecules 21e¢ in the adjoining electrode
portion 3a,, making it possible to obtain a stable state of
alignment in each pixel.

[0109] According to the present embodiment, the connect-
ing portions 53 and 54 of the plurality of electrode portions
3ay, 3a,, 3b,, 3b,, 3¢,, and 3¢, of the pixel electrode 3 are
formed at the positions shown in FIG. 8. However, the
positions and number of the connecting portions 53 and 54
may be other ones respectively, as long as all the electrode
portions 3ay, 3a,, 36, 3b,, 3¢, and 3¢, can be connected.

[0110] Inthe liquid crystal display device according to the
present embodiment, it is 15 preferred that each of the
plurality of electrode portions 3a,, 3a,, 3b,, 3b,, 3¢|, and
3c, of the pixel electrode 3 be formed substantially in a shape
of a square. With this shape, the liquid crystal molecules 21a
in the sub-pixel respectively corresponding to the plurality
of electrode portions 3a,, 3a,, 3b,, 3b,, 3¢, and 3¢, of the
pixel electrode 3 can be aligned into a lying alignment with
a fine balance, sub-pixel by sub-pixel, from the periphery of
the sub-pixel toward the center of the sub-pixel.

[0111] Further, in the liquid crystal display device accord-
ing to the present embodiment, it is preferred that the width
W, as the width of the electrode portions 3a,, 3a,, 3b,, 3b,,
3c,, and 3¢, in the direction parallel with the slits 43 and 44
and the width W, as the width of the connecting portions 53
and 54 be set to values that satisfy W,/W,=0.13, likewise
the above-described first embodiment. With such values, the
liquid crystal molecules 21a in each pixel can be more stably
aligned into a lying alignment, sub-pixel by sub-pixel cor-
responding to the plurality of electrode portions 3a,, 3a,,
3b,, 3b,, 3¢, and 3¢, of the pixel electrode 3, from the
periphery of the sub-pixel toward the center of the sub-pixel,
when a writing voltage is applied.

[0112] Furthermore, it is preferred that the width of the
slits 43 and 44 of the pixel electrode 3 should be 4.0 um or
smaller. With this width, a sufficient aperture ratio can be
obtained.

Fifth Embodiment

[0113] FIG. 9 is a plan view of a pixel on one substrate of
a liquid crystal display device as the fifth embodiment of the
present invention. The present liquid crystal display device
corresponds to the liquid crystal display device according to
the second embodiment shown in FIG. 5 as modified by
providing an auxiliary electrode 141 which is formed
between the surface of the rear substrate 1 on which the
plurality of pixel electrodes 3 are provided and a plane on
which the pixel electrodes 3 are formed so as to positionally
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correspond to the slits 41 of each of the plurality of pixel
electrodes 3 for forming a substantially zero electric field
region between itself and the opposing electrode 17 on the
front substrate 2. The auxiliary electrode 141 is supplied
with a predetermined electric potential, and is set to the same
electric potential as the opposing electrode 17. According to
the present embodiment, the auxiliary electrode 141 is
formed integrally with the compensating-capacitor electrode
14 which forms a compensating capacity between itself and
the edge of each of the plurality of pixel electrodes 3.

[0114] In the present embodiment, the components same
as those in the first and second embodiments will be given
the same reference numerals, and explanation for such
components will be omitted.

[0115] The liquid crystal display device according to the
present embodiment may be the liquid crystal display device
according to the first embodiment shown in FIG. 1 to FIG.
3, the liquid crystal display device according to the third
embodiment shown in FIG. 7, or the liquid crystal display
device according to the fourth embodiment shown in FIG.
8 as modified by providing the auxiliary electrode 141.

[0116] The present liquid crystal display device is pro-
vided with the auxiliary electrode 141 between the surface
of the rear substrate 1 on which the plurality of pixel
electrodes 3 are provided and the plane on which these pixel
electrodes 3 are formed so as to correspond to the slits 41 of
each of the plurality of pixel electrodes 3, for forming a
substantially no electric field region between itself and the
opposing electrode 17 on the front substrate 2. Because of
this, the liquid crystal molecules 21q existing in the portions
corresponding to the slits 41 of the pixel electrode 3, that is,
the portions between the electrode portions 3¢ and 35 and
between the electrode portions 34 and 3¢ adjoining each
other with the slit 41 therebetween, can be aligned substan-
tially perpendicularly to the substrates 1 and 2, and the liquid
crystal molecules 21a in each pixel can be aligned more
stably into a lying alignment, sub-pixel by sub-pixel corre-
sponding to the plurality of electrode portions 3a, 35, and 3¢
of the pixel electrode 3, from the periphery of the sub-pixel
toward the center of the sub-pixel, when a voltage is applied.

[0117] Further, according to the present embodiment,
since the auxiliary electrode 141 is formed integrally with
the compensating-capacitor electrode 14, the liquid crystal
display device can be manufactured more easily than in a
case where the compensating-capacitor electrode 14 and the
auxiliary electrode 141 are formed by using different metal
films.

Sixth Embodiment

[0118] FIG. 10 to FIG. 14 show the sixth embodiment of
the present invention, where FIG. 10 is a plan view of a part
of one substrate of a liquid crystal display device, FIG. 11
is a cross sectional view of the liquid crystal display device
of FIG. 10 as cut along the line XI-X1, and FIG. 12 is a cross
sectional view of the liquid crystal display device of FIG. 10
as cut along the line XII-XII.

[0119] The present liquid crystal display device corre-
sponds to the liquid crystal display device according to the
first embodiment shown in FIG. 1 as modified by providing
an auxiliary electrode 142 which is formed between the
surface of the rear substrate 1 on which the plurality of pixel
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electrodes 3 are provided and a plane on which these pixel
electrodes 3 are formed so as to positionally correspond to
the slits 41 of each of the plurality of pixel electrodes 3 for
forming a substantially zero electric field region between
itself and the opposing electrode 17 on the front substrate 2,
and as modified further by forming protrusions on the inner
surface of the front substrate 2 at positions corresponding to
the center of the respective electrode portions. The auxiliary
electrode 142 is supplied with a predetermined electric
potential, and is set to the same electric potential as the
opposing electrode 17 according to the present embodiment.
The auxiliary electrode 142 is formed integrally with the
compensating-capacitor electrode 14 which forms a com-
pensating capacity between itself and the edge of each of the
plurality of pixel electrodes 3.

[0120] In the present embodiment, the components same
as those in the first embodiment will be given the same
reference numerals, and explanation for such components
will be omitted.

[0121] According to the present embodiment, the auxiliary
electrode 142 is provided on the inner surface of the rear
substrate 1 between the surface of the rear substrate 1 and
the plane on which the plurality of pixel electrodes 3 are
formed, so as to correspond to the edges of the plurality of
pixel electrodes 3 and the slits 4 while insulated from the
pixel electrodes 3, and so as to be -opposite to the opposing
electrode 17 on the front substrate 2 for forming an electric
field having a predetermined value between itself and the
opposing electrode 17. The auxiliary electrode 142 is formed
along all the edges of each of the electrode portions 3a, 34,
and 3¢ which are separated by the slits 4 of the pixel
electrode 3, and serves also as the compensating-capacitor
electrode for forming a compensating capacity between
itself and the pixel electrode 3.

[0122] That is, the auxiliary electrode 142 is formed of a
metal film which is provided on the surface of the rear
substrate 1 so as to correspond to the circumference of the
pixel electrode 3 except the TFT connection portion thereof
and to the slits 4, wherein the portion corresponding to the
circumference of the pixel electrode 3 has a frame-like shape
whose inner edges face the circumference of the pixel
electrode 3 so as to partially overlap with the circumference
and whose outer edges are defined away from the pixel
electrode 3, and the portions corresponding to the slits 4
each have such a width as to make its both edges face the
edges of the electrode portions 3a, 35, and 3¢ of the pixel
electrode 3. The portion of this metal film that faces the pixel
electrode 3 forms a compensating capacitor with the gate
insulation film 8 serving as a dielectric layer, and the portion
of the metal film that is spread away from the pixel electrode
3 and the portions corresponding to the interior of the slits
4 form a region between themselves and the opposing
electrode 17 in which region an electric field having the
predetermined value is generated.

[0123] Furthermore, a plurality of protrusions 25 made of
a dielectric material are formed on the inner surface of the
front substrate 2 at positions corresponding to the center of
the respective electrode portions 3a, 35, and 3¢ which are
separated by the slits 4 of each of the plurality of pixel
electrodes 3 on the rear substrate 1.

[0124] The plurality of protrusions 25 is formed by using
a dielectric material such as a photosensitive resin, on the
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opposing electrode 17, so as to have a shape of a truncated
cone having its diameter decreasing toward its top. The
vertical alignment film 20 is formed so as to cover these
protrusions 25 and the opposing electrode 17.

[0125] Since the present liquid crystal display device is
provided with the plurality of protrusions 25 which are
formed on the inner surface of the front substrate 2 on which
the opposing electrode 17 is formed, correspondingly to the
center of the respective electrode portions 3¢, 35, and 3¢
which are separated by the slits 4 of each of the plurality of
pixel electrodes 3 on the rear substrate 1, the liquid crystal
molecules 21a in each pixel can be aligned stably into a
lying alignment sub-pixel by sub-pixel corresponding to the
electrode portions 3a, 35, and 3¢, from the periphery of the
sub-pixel toward the center of the sub-pixel.

[0126] FIG. 13 and FIG. 14 are a plan view and a cross
sectional view each exemplarily showing the state of align-
ment of the liquid crystal molecules 214 in one pixel of the
liquid crystal display device when a voltage is applied. The
present liquid crystal display device has the liquid crystal
molecules 21a in each sub-pixel corresponding to each of
the electrode portions 3a, 35, and 3¢ of the pixel electrode
3 induced by the molecule alignment near the protrusion 25
to lie down toward the protrusion 25, i.e., toward the center
of each sub-pixel as shown in FIG. 13 and FIG. 14 when a
voltage is applied between the pixel electrode 3 and the
opposing electrode 17, thereby enabling a much higher-
quality image to be displayed.

[0127] In addition, since the present liquid crystal display
device is provided with the auxiliary electrode 142 which
corresponds to the slits 4 of each of the plurality of pixel
electrodes 3 so as to face the opposing electrode 17 on the
front substrate 2 to generate an electric field having a
predetermined value between itself and the opposing elec-
trode 17, even if the width of the slits 4 is small, the liquid
crystal molecules 21a in each sub-pixel corresponding to
each of the electrode portions 3a, 35, and 3¢ of the pixel
electrode 3 can be stably aligned into a lying alignment
when a voltage is applied.

[0128] Furthermore, since the present liquid crystal dis-
play device has the auxiliary electrode 142 formed along all
the edges of each of the electrode portions 3a, 35, and 3¢
which are separated by the slits 4 of the pixel electrode 3, the
liquid crystal molecules 21a can be more stably aligned into
a lying alignment, sub-pixel by sub-pixel corresponding to
the electrode portions 3a, 35, and 3¢ of the pixel electrode.

[0129] Yet further, since the present liquid crystal display
device has the auxiliary electrode 142 set to substantially the
same electric potential as the opposing electrode 17, the
auxiliary electrode 142 and the opposing electrode 17 can
have a substantially zero electric field state therebetween to
allow the liquid crystal molecules 142 existing therebetween
to be aligned substantially vertically as shown in FIG. 13
and FIG. 14, thereby enabling the liquid crystal molecules
21a in each pixel to be much more stably aligned into a lying
alignment sub-pixel by sub-pixel.

[0130] Various embodiments and changes may be made
thereunto without departing from the broad spirit and scope
of the invention. The above-described embodiments are
intended to illustrate the present invention, not to limit the
scope of the present invention. The scope of the present
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invention is shown by the attached claims rather than the
embodiments. Various modifications made within the mean-
ing of an equivalent of the claims of the invention and within
the claims are to be regarded to be in the scope of the present
invention.

[0131] This application is based on Japanese Patent Appli-
cation No. 2004-375018 filed on Dec. 24, 2004 and Japanese
Patent Application No. 2004-377374 filed on Dec. 27, 2004
and including specification, claims, drawings and summary.
The disclosures of the above Japanese Patent Applications
are incorporated herein by reference in their entities.

What is claimed is:
1. A liquid crystal display device, comprising:

a pair of substrates opposing to each other with a prede-
termined gap therebetween;

at least one opposing electrode formed on an inner surface
of one substrate of the pair of substrates;

a plurality of pixel electrodes arranged in a matrix of a
row direction and a column direction on an inner
surface of the other substrate of the pair of substrates,
each defining a pixel in an area where each faces the
opposing electrode, and each having at least one slit for
separating each into a plurality of electrode portions to
divide each pixel into a plurality of sub-pixels, which
slit is formed by eliminating a part of each pixel
electrode so as to leave un-eliminated a connecting
portion which has a predetermined width, at which
adjoining electrode portions of each pixel electrode are
connected with each other, and whose width is formed
so as to be smaller than 5 of a width of each pixel
electrode which width runs in a direction in which the
slit is formed;

a plurality of thin film transistors formed on the inner
surface of the other substrate so as to correspond to the
plurality of pixel electrodes respectively, and connected
to the corresponding pixel electrodes respectively;

a plurality of gate lines and data lines formed on the inner
surface of the other substrate between rows and col-
umns of the plurality of pixel electrodes respectively,
for supplying a gate signal and a data signal to the thin
film transistors on the corresponding rows and col-
umns;

vertical alignment films formed on the inner surfaces of
the one and the other substrates respectively, so as to
cover the pixel electrodes and the opposing electrode;
and

a liquid crystal layer filled in the gap between the pair of

substrates and having a negative dielectric anisotropy.

2. The liquid crystal display device according to claim 1,
wherein

awidth W, as the width of the pixel electrode that runs in
a direction in which the slit is formed and a width W,
as the width of the connecting portion at which adjoin-
ing electrode portions of each pixel electrode are con-
nected with each other are set to values which satisfy

W/, =0.1 3.

3. The liquid crystal display device according to claim 1,
wherein
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a width of the slit of each pixel electrode is 4.0 pm or
smaller.
4. The liquid crystal display device according to claim 1,
wherein

each of the plurality of pixel electrodes is formed in an
elongated shape having shorter sides and longer sides,
has the thin film transistor connected to one end of one
of the shorter sides thereof, and is provided with the at
least one slit which extends in a direction parallel with
the shorter sides for separating the pixel electrode into
the plurality of electrode portions.

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

wherein

each of the plurality of separated electrode portions of the
pixel electrode is formed in substantially a shape of a
square.

6. A liquid crystal display device, comprising:

a pair of substrates opposing to each other with a prede-
termined gap therebetween;

at least one opposing electrode formed on an inner surface
of one substrate of the pair of substrates;

a plurality of pixel electrodes arranged in a matrix of a
row direction and a column direction on an inner
surface of the other substrate of the pair of substrates,
each defining a pixel in an area where each faces the
opposing electrode, and each having at least one slit for
separating each into a plurality of electrode portions to
divide each pixel into a plurality of sub-pixels, which
slit is formed by eliminating a part of each pixel
electrode so as to leave un-eliminated a connecting
portion which has a predetermined width, at which
adjoining electrode portions of each pixel electrode are
connected with each other, and which is formed at a
position off a center of a width of each pixel electrode
which width runs in a direction in which the slit is
formed, toward one side of the width of the pixel
electrode;

a plurality of thin film transistors formed on the inner
surface of the other substrate so as to correspond to the
plurality of pixel electrodes respectively, and connected
to the corresponding pixel electrodes respectively;

a plurality of gate lines and data lines formed on the inner
surface of the other substrate between rows and col-
umns of the plurality of pixel electrodes respectively,
for supplying a gate signal and a data signal to the thin
film transistors on the corresponding rows and col-
umns;

vertical alignment films formed on the inner surfaces of
the one and the other substrates respectively, so as to
cover the pixel electrodes and the opposing electrode;
and

a liquid crystal layer filled in the gap between the pair of

substrates and having a negative dielectric anisotropy.

7. The liquid crystal display device according to claim 6,
wherein

each of the plurality of pixel electrodes is formed in an
elongated shape having shorter sides and longer sides,
has the thin film transistor connected to one end of one
of the shorter sides thereof, is provided with the at least
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one slit which extends in a direction parallel with the
shorter sides for separating the pixel electrode into the
plurality of electrode portions, and has the connecting
portion at which the plurality of electrode portions are
connected with each other formed at the longer side
that is opposite to the longer side to which the thin film
transistor is closer.

8. The liquid crystal display device according to claim 7,

wherein

each of the plurality of pixel electrodes has an elongated
shape whose longer sides are substantially three times
larger than the shorter sides, and is provided with at
least two slits for separating the pixel electrode into at
least three or more electrode portions in a direction of
the longer sides, with connecting portions of the
respective slits formed at opposite longer sides of the
pixel electrode alternately.

9. The liquid crystal display device according to claim 6,

wherein

each of the plurality of pixel electrodes is formed in
substantially a shape of a rectangle having shorter sides
and longer sides, has the thin film transistor connected
at one end of one shorter side thereof, and is provided
with a plurality of slits for separating the pixel elec-
trode into a plurality of electrode portions which are
arranged in two columns and two rows, with connect-
ing portions at which adjoining electrode portions are
connected with each other being formed between each
of the plurality of electrode portions and its adjoining
electrode portion in a same column and between each
of the plurality of electrode portions and its adjoining
electrode portion in a same row.

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

wherein

the connecting portion at which, of the plurality of elec-
trode portions, the electrode portion to which the thin
film transistor is connected and the other electrode
portion adjoining this electrode portion are connected
with each other is formed at one shorter side of the
pixel electrode other than one longer side thereof that
is closer to the thin film transistor.

11. The liquid crystal display device according to claim 6,

wherein

each of the plurality of electrode portions into which each
pixel electrode is separated is formed in substantially a
shape of a square.
12. The liquid crystal display device according to claim 6,
further comprising

a compensating-capacitor electrode formed between a
surface of the other substrate on which the plurality of
pixel electrodes are provided and the pixel electrodes,
so as to correspond to a circumference of each of the
plurality of pixel electrode and so as to partially overlap
with the circumference of the pixel electrode while
being insulated from the pixel electrode, for forming a
compensating capacity between itself and the pixel
electrode and for forming a region of an electric field
having a predetermined value between itself and the
opposing electrode.

13. The liquid crystal display device according to claim 6,

further comprising
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an auxiliary electrode formed between a surface of the
other substrate and the plurality of pixel electrodes, so
as to correspond to the slit of each of the plurality of
pixel electrodes and so as to face the opposing elec-
trode on the one substrate, for forming an electric field
having a predetermined value between itself and the
opposing electrode.

14. The liquid crystal display device according to claim 6,

further comprising:

a compensating-capacitor electrode formed between a
surface of the other substrate on which the plurality of
pixel electrodes are provided and the pixel electrodes,
so as to correspond to a circumference of each of the
plurality of pixel electrode and so as to partially overlap
with the circumference of the pixel electrode while
being insulated from the pixel electrode, for forming a
compensating capacity between itself and the pixel
electrode and for forming a region of an electric field
having a predetermined value between itself and the
opposing electrode; and

an auxiliary electrode formed between the surface of the
other substrate and the plurality of pixel electrodes,
integrally with the compensating-capacitor electrode,
so as to correspond to the slit of each of the plurality of
pixel electrodes, for forming an electric field having a
predetermined value between itself and the opposing
electrode on the one substrate.

15. A liquid crystal display device, comprising:

a pair of substrates opposing to each other with a prede-
termined gap therebetween;

at least one opposing electrode formed on an inner surface
of one substrate of the pair of substrates;

a plurality of pixel electrodes arranged in a matrix of a
row direction and a column direction on an inner
surface of the other substrate of the pair of substrates,
each defining a pixel in an area where each faces the
opposing electrode, and each having at least one slit for
separating each into a plurality of electrode portions to
divide each pixel into a plurality of sub-pixels having
a shape of substantially a square, which slit is formed
by eliminating a part of each pixel electrode so as to
leave un-eliminated a connecting portion which has a
predetermined width, and at which adjoining electrode
portions of each pixel electrode are connected with
each other;

a plurality of thin film transistors formed on the inner
surface of the other substrate so as to correspond to the
plurality of pixel electrodes respectively, and connected
to the corresponding pixel electrodes respectively;

a plurality of gate lines and data lines formed on the inner
surface of the other substrate between rows and col-
umns of the plurality of pixel electrodes respectively,
for supplying a gate signal and a data signal to the thin
film transistors on the corresponding rows and col-
umns;

vertical alignment films formed on the inner surfaces of
the one and the other substrates respectively, so as to
cover the pixel electrodes and the opposing electrode;

a liquid crystal layer filled in the gap between the pair of
substrates and having a negative dielectric anisotropy;
and
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an auxiliary electrode formed between a surface of the the auxiliary electrode is formed along the circumference
other substrate on which the plurality of pixel elec- of each pixel electrode and along edges of the electrode
trodes are provided and these pixel electrodes, so as to portions which are separated by the slit, so as to
correspond to a circumference of each of the plurality partially overlap with the circumference and the elec-
of pixel electrodes and the slit while being insulated trode portions.
from each pixel electrode, for forming a region between 18. The liquid crystal display device according to claim
itself and the opposing electrode in which region an 17, wherein the auxiliary electrode is provided with a
electric field having a predetermined value is genet- compensating-capacitor electrode for forming a compensat-
ated. ing capacity between itself and the opposing electrode.

16. The liquid crystal display device according to claim 19. The liquid crystal display device according to claim

15, wherein 15, wherein

each of the p]ura]ity of pixe] electrodes 1s formed in an an electric potentia] of the auxiliary electrode is set to
elongated shape having shorter sides and longer sides, substantially a same value as an electric potential of the
has the thin film transistor connected to one end of one opposing electrode.
of the shorter sides thereof, is provided with the at least 20. The liquid crystal display device according to claim
one slit which extends in a direction parallel with the 15, further comprising

shorter sides for separating the pixel electrode into the
plurality of electrode portions, and has the connecting
portion at which the plurality of electrode portions are
connected with each other formed at the longer side
that is opposite to the longer side to which the thin film
transistor is closer.
17. The liquid crystal display device according to claim
15, wherein * ok % k&

protrusions formed on the inner surface of the one sub-
strate on which the opposing electrode is formed, at
positions corresponding to a center of the respective
electrode portions which are separated by the slit of
each of the plurality of pixel electrode on the other
substrate.
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