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(57) ABSTRACT

A picture electrode of an MVA liquid crystal display device
has a configuration where sub-picture electrodes are succes-
sively provided, while a cross-shaped slit is provided as an
alignment restriction member on a common electrode of the
side of a counter substrate. A columnar spacer is provided on
a signal line of a TFT substrate in conformity to a position of
a singular point of an alignment of liquid crystal molecules,
the singularity occurring in a display region. This structure
makes it possible, when a panel surface is depressed, to cause
quick re-aligning of the liquid crystal molecules at the singu-
lar point of +1, as a base point, which has occurred at a center
of the cross-shaped slit and in the vicinity of the columnar
spacer, hence achieving a speedy recovery of displaying.

18 Claims, 12 Drawing Sheets
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1
LIQUID CRYSTAL DISPLAY WITH COMMON
ELECTRODE HAVING CROSS SHAPED
ALIGNMENT MEMBERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device and particularly to a multi-domain vertical alignment
liquid crystal display where a columnar spacer is provided on
a wiring part.

2. Description of the Related Art

A liquid crystal display device has various features of the
thin type, lightness, and low power consumption, or the like.
The liquid crystal display devices have been widely used as
not only the display monitor for a personal computer, a word
processor, office automation (OA) equipment, personal digi-
tal assistance (PDA), and an in-vehicle navigation but also a
display device of the LCD TV, and the like.

The display operation mode of a liquid crystal device,
which is currently used most, is a normally white mode using
a twisted nematic (TN) liquid crystal.

The liquid crystal display includes electrodes which are
respectively formed on the opposed faces of two sheets of
glass substrates placed opposite to each other, and alignment
films formed on the both electrodes. The two alignment films
are processed for aligning in the directions perpendicular to
each other by means of rubbing and the like. On the outer face
of each substrate, a polarization plate which is adjusted with
the polarization axis is disposed so as to be in parallel with the
rubbing direction of the alignment film on the respective
substrates.

When a nematic liquid crystal with positive dielectric
anisotropy is inserted in between these substrates, liquid crys-
tal molecules contacting with the alignment film are aligned
along the rubbing direction, and the alignment directions of
the liquid crystal molecules on the both substrates are
orthogonal. The liquid crystal molecules between the both
substrates, then, align in a direction perpendicular to the faces
of the substrates, as they rotate their alignment directions in
sequence within a plane in parallel to the faces of the sub-
strates.

Subsequently, the liquid crystals are aligned between the
substrates with the angle of 90 degrees twisted.

For a TN liquid crystal display device having such a struc-
ture, light entering at the face of one substrate passes through
a polarization plate, and enters a liquid crystal layer. When
passing through the liquid crystal layer, the direction of polar-
ized light is rotated by 90 degrees along the twist of the liquid
crystal molecules, and the light passes through a polarization
plate of the other substrate having the polarization axis which
is perpendicular to that of the one substrate. This produces a
display in a brightness state when no voltage is applied.

When a voltage is applied to common electrodes, a long
axis of the nematic liquid crystal molecules with positive
dielectric anisotropy is aligned in a direction perpendicular to
a substrate face, hence eliminating the twist. For the straight
polarized light which enters the liquid crystal layer in this
state, the liquid crystal molecules do not exhibit refractive
index anisotropy, whereby the polarizing direction of the
entered light does not change. As a result, the light cannot
pass through the other polarization plate. This produces a
light in a darkness state when a predetermined maximum volt
is applied. When putting back into a state where no voltage is
applied, a display in a brightness state is back due to an
alignment regulation force. Displaying in gray scale is made
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possible by controlling the inclinations of the liquid crystal
molecules while varying the applying voltage, and thereby
changing transmission optical power from the other polariza-
tion plate.

A TN-TFT liquid crystal display device is a display device
of an active matrix type where a thin film transistor (TFT) is
provided on each picture element as a switching element to
control an applying voltage between common electrodes for
every picture element. Since the TN-TFT liquid crystal dis-
play device is thin and light, and is provided with a large
screen and a high resolution, it has been widely used for a
display monitor of a personal computer, a portable television,
or the like.

While enhancement of display quality is expected in such
applications, the TN-TFT liquid crystal display device has a
problem where an angular field of view provided thereby is
narrow. As a technology for solving a problem related to the
characteristic of an angular field of view of the TN liquid
crystal display device, a vertical alignment (VA) mode liquid
crystal has drawn attention. In the VA mode liquid crystal, in
comparison with TN mode liquid crystal, which has been
adopted in a number of liquid crystal display devices, a dis-
play quality in black is high, and alignment processing such
rubbing is not necessary. Among the VA modes, a multi-
domain vertical alignment (MVA) mode liquid crystal dis-
play device (hereinafter, referred to as MVA liquid crystal
display device) has especially drawn attention because it can
achieve a wide angular field of view. The MVA liquid crystal
display device has not only been applied to a transmission
liquid crystal display, but is also beginning to be applied to a
reflection liquid crystal display device and a semi-transmis-
sion liquid crystal display device.

Various technologies have been disclosed with respect to
alignment control technologies for an MVA liquid crystal
display device. In Japanese Patent Laid-open No. 2001-
249340 (hereinafter, referred to as Patent Literature 1), there
is disclosed an MVA liquid crystal display device in which a
singular point (+1 or —1) formed in an alignment vector field
for liquid crystal molecules is controlled, and decreasing of
transmissivity is curbed, thereby improving a response char-
acteristic. This singular point is defined as a point where,
among liquid crystal molecules, one in the middle is verti-
cally aligned, while the other liquid crystal molecules are
fallen down and aligned. When vertically seeing a liquid
crystal layer from above, a singular point where liquid crystal
molecules around the singularity fall down toward the singu-
lar point or draw away therefrom is called a singular point of
+1 (hereinafter, referred to as +1 singular point) in an align-
ment vector field for the liquid crystal molecules. Meanwhile,
a singular point where some of liquid crystal molecules
around the singular point fall down toward the ssingular point
and the other draw away therefrom is called a singular point
of -1 (hereinafter, referred to as -1 singular point) in an
alignment vector field for the liquid crystal molecules.

FIG. 1 is a plan view of a face of a liquid crystal display
device for explaining a prior art on an alignment control
technology in Patent Literature 1. FIGS. 2, 3, and 4 are sec-
tional views taken along the lines I-1, II-1I, and III-II1, respec-
tively. As shown in FIG. 1, at a +1 singular point 10, a liquid
crystal molecule 6 is aligned toward a point, while, at a -1
singular point 11, some of the molecules are oriented in
directions different from a point. Referring FIGS. 2 to 4, on
the opposed faces of a lower substrate 20 and a upper sub-
strate 21, both of which are placed opposite to each other with
a predetermined space therebetween, a picture electrode 3
and a common electrode 7 are formed, respectively. On the
picture electrode 3 and the common electrode 7, vertical
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alignment films (not shown) are formed. Between the upper
and lower substrates, liquid crystal molecules 6 with negative
dielectric anisotropy are inserted. On the picture electrode 3
and the common electrode 7, a protruding structure 9 and a
protruding structure 8 are respectively formed as control parts
on singular points for the alignment of liquid crystal mol-
ecules. The protruding structure 8 has a cross-shape when it is
seen in a direction perpendicular to the face of the substrate.
The protruding structures 8 are disposed in such a manner that
the cross-shaped parts are adjacent one another at predeter-
mined intervals. When voltages are applied to the picture
electrode 3 and the common electrode 7 in such a liquid
crystal display, a distortion is formed in an electric field where
voltages applied through the protruding structure 8 and the
protruding structure 9. Because of this distortion in the elec-
tric field, the alignment of liquid crystals is restricted on the
protruding structure 8, the protruding structure 9, and in the
vicinity thereof. As shown in FIG. 1, in the middles of the
protruding structure 8 and the protruding structure 9, +1 sin-
gular point 10 are formed, while -1 singular point 11 are
formed at ends of the protruding structure 8.

In Japanese Patent Laid-open No. 2001-264773 (hereinaf-
ter, referred to as Patent Literature 2), there is disclosed an
MVA liquid crystal display device where non-uniformity in a
gap between the substrates is reduced, and thereby a display
quality is improved. In this liquid crystal display device, as
shown in FIG. 5, for a pair of substrates which are placed
opposite for achieving a multi-domain, a plurality of wave-
form protrusions 22 are formed on at least one of the opposed
faces of the pair of substrates. A waveform protrusion 22 has
a continuous triangular waveform in one direction. In a sec-
ond direction crossing the above direction, a plurality of
columnar spacers 24 are disposed. The columnar spacers 24
work as keeping the distance between the pair of substrates to
be constant, and are disposed on a shaft passing angles of the
waveform protrusions 22. A configuration designed in such a
manner is expected to be able to prevent occurrence of non-
uniformity in gap. The waveform protrusions are contained in
a concept of a singular point control part for the liquid crystal
molecules alignment. In FIG. 5, reference numeral 23 indi-
cates a picture element formed on a color filter (not shown).

In recent years, applying of an MVA liquid crystal display
device to a mobile phone and a personal digital assistance has
been considered. In such an application, a transparent touch
panel may be provided for inputting information by pressing
a liquid crystal panel with a finger or a pen point.

As in Patent Literature 2, when the waveform protrusion 22
is formed of a triangular waveform, singular points may be
placed anywhere on a line of the waveform protrusion 22, and
are the positions thereof are not to be determined at once. So
long as it is on the line of the protrusion, electric potential is
the same, and thus, there is no specific location in terms of
electric potential. Since liquid crystal molecules are succes-
sively aligned, unless the positions of the singular points for
the alignment of liquid crystal molecules are determined, the
alignment of liquid crystal molecules in another region will
not be determined. Therefore, it requires a certain period of
time until the alignment of liquid crystal molecules in a pic-
ture element comes to a final state. In Patent Literature 2,
there arises a problem where, when a panel surface of a liquid
crystal display device is depressed, a wavy alignment irregu-
larity occurs in liquid crystal molecules, and it takes a time in
the order of seconds until restoring.

Furthermore, in the prior art of Patent Literature 1, singu-
larities for the alignment of liquid crystal molecules, the
singularities occurring on a signal line, are controlled by
thickening or thinning a part of an electrode used for a signal
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line. The position of the singular point for the alignment of the
liquid crystal molecule is influenced easily by the difference
of the pattern formation accuracy when the signal line is
formed in such a method. As a result, a parasitic capacitance
between a signal line and a picture electrode tends to vary for
every picture element, and thereby a flicker tends to occur. In
addition, since the columnar spacers are not provided, a
change in gap occurring when a panel surface is depressed is
large, thus causing a wavy alignment irregularity in the liquid
crystal molecules.

SUMMARY OF THE INVENTION

Therefore, an object of the invention is to solve the prob-
lems inherent in the above-described MVA liquid crystal
display device.

Aliquid crystal display device in the present invention is an
MVA liquid crystal display device, and includes a first sub-
strate, a second substrate disposed opposite to the first sub-
strate, and a liquid crystal layer with negative dielectric
anisotropy which is held between the first substrate and the
second substrate. The first substrate includes a wiring part
formed by a plurality of signal lines and a plurality of scan-
ning lines both crossing each other, picture electrodes respec-
tively provided in the regions zoned with the signal lines and
the scanning lines, and switching elements provided to every
picture element. The second substrate includes common elec-
trodes. A common electrode is provided thereon with a cross-
shaped first alignment restriction member, which works,
when a voltage is applied between a picture electrode and a
common electrode, to restrict the alignment of the liquid
crystal molecules on a liquid crystal layer. A columnar spacer
is provided on the wiring part. A position on the above wiring
part where the columnar spacer is provided is located in the
middle of the two neighboring first alignment restriction
members.

In the above-described liquid crystal display device of the
present invention, it is possible to design a configuration such
that a picture element is a structure where a plurality of
sub-picture electrodes are provided in succession, and a first
alignment restriction member is disposed to face the sub-
picture electrode. Alternatively, a columnar spacer may be
provided on the first substrate or on the second substrate. In
the above-described liquid crystal display device of the
present invention, it is possible to design a configuration such
that a first alignment restriction member provided on the
common electrode is formed by an electrode non-existing
portion of the common electrode or a protruding structure
provided on the common electrode.

In the above-described liquid crystal display device of the
presentinvention, when a picture element is a structure where
a plurality of sub-picture electrodes are provided in succes-
sion, a second alignment restriction member is provided in
the form of a protruding structure at a position where it laps
over a signal line or a scanning line and on a common elec-
trode which does not lap over a columnar spacer.

The above-described liquid crystal display device of the
present invention may be a semi-transmission liquid crystal
display device that includes a reflection part in an area of a
picture element.

In the above-described liquid crystal display device of the
present invention, a cross-shaped slit is provided in acommon
electrode or an alignment restriction member of a cross-
shaped protruding structure is provided on a common elec-
trode, and a columnar spacer is provided on a signal line part,
hence leading to the following advantageous effects.
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(1) A display region is divided into four regions where the
alignment directions of liquid crystal molecules are different
in a sense that the alignment directions thereof in every two
neighboring regions make the angle of 90 degrees, and the
position of a singular point in an alignment vector field for the
liquid crystal molecules is restricted in a two-dimensional
manner.

(2) In the signal line part, a singular point in an alignment
vector field for liquid crystal molecules is generated around a
columnar spacer due to the presence of a diagonal electric
field generated around the cylindrical spacer, hence control-
ling the alignment of the liquid crystal molecules of the signal
line part.

(3) Consequently, when a liquid crystal panel is depressed,
re-aligning of the liquid-crystal molecules, is quickly settled.
In addition, non-uniformity in a parasitic capacitance
between the signal line and the picture electrode is reduced,
hence preventing occurrence of flickers.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent from the fol-
lowing detailed description when taken in conjunction with
the accompanying drawings wherein:

FIG. 1 is a plan view for explaining an example of an
alignment control technology of a conventional liquid crystal
display device;

FIG. 2 is a cross-sectional view taken along the line I-I in
FIG. 1;

FIG. 3 is a cross-sectional view taken along the line II-II in
FIG. 1,

FIG. 4 is a cross-sectional view taken along the line III-III
in FIG. 1;

FIG. 5 is a plan view for explaining another example of an
alignment control technology of a conventional liquid crystal
display device;

FIG. 6 is aplan view schematically showing aliquid crystal
display device according to a first embodiment of the present
invention;

FIG. 7 is a cross-sectional view taken along the line I-I in
FIG. 6;

FIG. 8 is a plan view for explaining an alignment control
technology for the liquid crystal display device in FIG. 6;

FIG. 9 is a cross-sectional view for explaining an example
where the alignment control technology for the liquid crystal
display device in FIG. 6 is adopted to a semi-transmission
liquid crystal display device;

FIG. 10 is a plan view showing a shape of a picture elec-
trode of the liquid crystal display device in FIG. 9;

FIG. 11 is a plan view for explaining an alignment control
technology for a liquid crystal display device according to a
second embodiment of the present invention; and

FIG. 12 is a plan view for explaining an alignment control
technology for a liquid crystal display device according to a
third embodiment in the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is described in detail below with
reference to the drawings.

FIG. 6 is a plan view schematically showing a liquid crystal
display device according to a first exemplary embodiment of
the present invention. FIG. 7 is a cross-sectional view taken
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along the line I-I in FIG. 6. The liquid crystal display device
shown in FIG. 7 is an MVA liquid crystal display device.

This liquid crystal display device has a structure where a
liquid crystal layer with negative dielectric anisotropy is
inserted between a TFT substrate 30 having a TFT and a
counter substrate 40. In addition, the liquid crystal display
device shown in FIG. 7 is a transmission liquid crystal display
device.

The TFT substrate 30 includes, on a transparent insulation
substrate 50, a TFT (not shown) of a switching element, a
scanning line 1, and a signal line 5. The scanning line 1 is
extended in the lateral direction, while the signal line 5 is
extended in the vertical direction. The scanning line 1 and the
signal line 5 cross each other through an insulation layer 51.
The TFT is provided in the vicinity of a position where the
scanning line 1 and the signal line 5 cross each other. The TFT
is connected to the scanning line 1, the signal line 5, and a
picture electrode 3 that is provided on the transparent insula-
tion layer 51. The insulation layer 51 is formed by a film stack
that is composed of a gate insulation film and an interlaminar
insulation film. For the gate insulation film and the interlami-
nar insulation film, a insulation film such as SiN,. can be used.
The scanning line 1 and the signal line 5 are insulated ther-
ebetween with a gate insulation film.

A desired voltage is applied on the picture electrode 3 through
the TFT while controlling the scanning line 1 and the signal
line 5. An alignment condition of liquid crystal molecules 6 is
controlled with the voltage thus applied. The alignment con-
dition of the liquid crystal molecules 6 allows controlling of
the intensity of transmission light.

For the wiring materials of the scanning line 1 and the
signal line 5, materials such as aluminum, molybdenum and
chromium are used. The picture electrode 3 is composed of a
transparent conductive film such as an indium tin oxide film
(hereinafter, referred to as ITO film). The picture electrode 3
is formed by patterning, using the photolithography tech-
nique and the etching technique, an ITO film that is formed
using the sputtering technique.

The counter substrate 40 includes a common electrode 7,
which is formed by a transparent conductive film such as an
ITO film, on a transparent insulation substrate 60. On the
common electrode 7, an electrode non-existing portion (here-
inafter referred to as slit), which is formed by removing a part
of the common electrode 7, is provided. A slit 2 on the com-
mon electrode 7 is formed by patterning a transparent con-
ductive film such as an ITO film which is formed using a
technique such as the sputtering technique.

For the liquid crystal display device in the present embodi-
ment, the shape of the slit 2 is a cross, a shape formed by
orthogonally intersecting two lines. As in Patent Literature 2,
when a waveform protrusion has a triangular waveform, a
singular point for the alignment of liquid crystal molecules
can be at any position so long as the singular point is on a line
of the waveform protrusion, and the position thereof will not
be determined, immediately. It is because a final position of
the singular point for the alignment of liquid crystal mol-
ecules is determined depending the alignment of other sur-
rounding liquid crystal molecules. Meanwhile, even when a
line-shaped alignment restriction member is used, since a
singular point for the alignment of liquid crystal molecules
can be at any position so long as the singular point is on the
line-shaped alignment restriction member, it takes a time
until the alignment of the liquid crystal molecules is settled.
In the present invention, the slit 2 has a shape formed by
orthogonally intersecting two lines. In the present invention,
an intersecting point of the two lines becomes a singular
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point. The singular point will determine a final position for
the alignment of the liquid crystal molecules.

On the counter substrate 40, a color filter layer and a light
shielding (neither shown) are provided. The slit 2 is formed
on the common electrode 7, and, thereafter, a photosensitive
resin such as acrylic resin is applied on the common electrode
7 to create a film having a predetermined thickness, and is,
then, dried. This photosensitive resin is patterned to predeter-
mined position and shape using the photolithography tech-
nique and the etching technique to form a columnar spacer 4.
The columnar spacer 4 is formed on a counter substrate at a
position where, when the TFT substrate 30 and the counter
substrate 40 are lapped over each other, the columnar spacer
4 is stacked on the signal line 5, and is located in the middle
of the edges of two neighboring cross-shaped slits. In addi-
tion, the columnar spacer 4 may be provided on the signal line
5 of the TFT substrate 30 instead of providing on the counter
substrate 40. In FIG. 6 and FIG. 7, while the columnar spacer
4 is provided at a position where it is lapped over the signal
line 5, the columnar spacer 4 may be provided at a position
where it is lapped over the scanning line 1.

For the TFT substrate 30 and the counter substrate 40
which can be obtained in the above-described manner, on the
surfaces thereof, a vertical alignment film (not shown) is
formed. The vertical alignment film is a film for causing
liquid crystal molecules to be vertically aligned on a sub-
strate.

For the vertical alignment film, a polyimide film or a
polyamic acid can be used.

Liquid crystal with negative dielectric anisotropy is filled
in between the TFT substrate 30 and the counter substrate 40
using an injection method or one drop filling-bonding
method. When this operation is performed, the distance
between the TFT substrate 30 and the counter substrate 40 is
held constant with a columnar spacer 4 formed on the counter
substrate 40.

On the outer faces of both substrates, polarization plates
are provided. As a polarization plate, it is possible to use one
on which an optical film is laminated, the optical film exhib-
iting that its double refraction be negative uniaxial, or on
which a biaxially oriented film is laminated. When adopting a
liquid crystal display device that serves both as a reflection
type and a transmission type, it is possible to use one as a
polarization plate, where a polarization plate, a half wave-
length plate, and a quarter wavelength plate are laminated. In
this manner, an MVA liquid crystal display device can be
manufactured.

A specific example for the liquid crystal display device of
the present embodiment is described with reference to FIG. 6
and FIG. 7. First, a method of manufacturing the TFT sub-
strate 30 which is the first substrate is described. Repeating
deposition and patterning according to a common TFT form-
ing process, there were formed on the transparent insulation
substrate 50 a scanning line 1 and a scanning electrode, a
common storage line, an auxiliary capacitance electrode, a
gate insulation film, a semiconductor layer, a signal line 5,
and a source/drain electrode. For the transparent insulation
substrate 50, a glass substrate, a plastic substrate, or a sub-
strate formed by bonding both substrates can be used.

Then, an interlaminar insulation film for covering the
above substrates was formed. Subsequently, an ITO film was
formed on the interlaminar insulation film (insulation layer
51 in FIG. 6) using the sputtering technique. Patterning this
ITO film using the photolithography technique and the etch-
ing technique, the picture electrode 3 was formed. A cycle of
repetition of the picture electrode 3 was set as 110 um in the
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direction of the scanning line 1, and 330 pum in the direction of
the signal line 5. The picture electrode 3 is connected to the
TFT through a contact hole. The distance from the end of the
picture electrode 3 to the end of the signal line 5 was set as 6
um. The shape of the picture electrode 3 is symmetric or
nearly symmetric. For example, there are a square and a
rectangle as symmetric shapes.

Next, a method of manufacturing the counter substrate 40
which is the second substrate is described. On a transparent
insulation substrate 60 such as a glass substrate, a light shield-
ing layer and a color filter layer are formed according to a
common process. On the color filter layer, an over coat layer
of 1 pm in thickness is formed using a thermo-set resin. The
reason why the over coat layer was formed is to even out
unevenness on the color filter layer. On the over coat layer, an
ITO film is formed using the sputtering technique, and the
common electrode 7 is formed. The slit 2 where no electrode
portion exists was formed on a predetermined part of the
common electrode 7 by patterning the ITO thus formed using
the photolithography technique and the etching technique.
The slit 2 has a cross-shape, as shown in FIG. 6, a shape
formed by orthogonally intersecting two lines. The width of
the slit 2 is preferably set to be not less than 6 um and not
larger than 12 pm. When the width of the slit is less than 6 pm,
the division alignment of liquid crystal molecules does not
become stable. While the width of the slit 2 can be greater
than 12 pm, the efficiency of use of light is impaired. After
patterning the common electrode 7, a photosensitive acrylic
resin was applied on the counter substrate 40, dried, and was
patterned using the photolithography technique and the etch-
ing technique to form a columnar spacer 4. For the photosen-
sitive acrylic resin, one with a relative permittivity of 3 was
used.

An elastic compressibility of the columnar spacer 4 after
formation is about 160 kg/mm? to 200 kg/mm?.

The height of the columnar spacer 4 is determined by
considering the coating thickness of the photosensitive
acrylic resin, shrinkage due to drying, the reduction of the
film thickness due to patterning, shrinkage occurred in a panel
process, and the like. The height of the columnar spacer 4 was
adjusted so that a cell gap becomes 4.0 um after completing
the panel process. The columnar spacer 4 has substantially the
shape of a square pole. Of the upper base and the lower base
of the columnar spacer 4, one that is closer to a substrate is
referred to as the lower base. Here, the shape of the upper base
was put as a square having a side with a length of 12 pm. Thus,
the area of one upper base is 144 um>. The density of the
columnar spacer 4 is 3967 um? when it is expressed in terms
of the area of a picture element, 1 mm?®. In this way, the
columnar spacer 4 was formed, hence obtaining the counter
substrate 40. As a columnar spacer, a hexagonal pole and an
octagonal pole may be used other than the square pole.

The TFT substrate 30 and the counter substrate 40 are
formed in the above-described manner, and, on the surfaces
thereof, vertical alignment films are formed. For the vertical
alignment film, for example, a polyimide alignment material
JALS-2100 of JSR Corporation can be used. For a liquid
crystal material, MLC-6608 of Merck Ltd. can be used. A
liquid crystal material is filled between the TFT substrate 30
and the counter substrate 40 according to the one drop filling
method, thus obtaining an MVA liquid crystal display device.

At this time, the end of the slit 2, the end of the picture
electrode 3, and the columnar spacer 4 are located in a posi-
tional relation as shown FIG. 6 and FIG. 7. The columnar
spacer 4 is disposed in the middle of two cross-shaped slits 2.
As was previously described, the distance between the end of
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the signal line 5 and the end of the picture electrode 3 is 6 pum,
while the distance between the end of the picture electrode 3
and the end of the cross-shaped slit 2 is 8 pm.

When a voltage is applied between the picture electrode 3
and the common electrode 7, an electric field having different
directions on both sides of the slit 2 occurs.

This electric field is referred to as a diagonal electric field.
This electric filed controls the directions where liquid crystal
molecules fall down in two directions. When the slit 2 is a
cross-shaped one, the directions where liquid crystal mol-
ecules fall down can be controlled to four directions. Hence,
the directions of the alignment of liquid crystal molecules can
be divided into four divided domains, where, for every two
neighboring domains, these two domains are oriented to the
corresponding directions which are different by 90 degrees.
When the angle of the lateral and right direction is set as 0
degree, the four domains are those which are oriented to the
directions of 45 degrees, 135 degrees, 225 degrees, and 315
degrees. The directions along the slits of the cross-shape, that
is 0 degree, 90 degrees, 180 degrees, and 270 degrees, are
ignored, since there is no large contribution to transmissivity.
Since the use of the cross-shaped slit 20 enables the directions
of liquid crystal molecules to be divided in four domains, the
angle field of view becomes wide.

FIG. 8 is a diagram for explaining an alignment control
technology of the liquid crystal display device in FIG. 6, and
is a plan view of a face of a substrate of the liquid crystal
display device when viewing the face thereof in the direction
perpendicular thereto. As shown in FIG. 8, a singular point of
the alignment of liquid crystal molecules on the signal line 5
is determined depending on the columnar spacer 4 and the
cross-shaped slit 2, or the columnar spacer 4. That is, a sin-
gular point 10A of +1 occurs in the middle of the cross-shaped
slit 2, while a singular point 10B of +1 occurs in the vicinity
of the columnar spacer 4. Moreover, a singular point 11A of
-1 occurs between the end of the picture electrode 3 and the
end of the signal line 5. When pressing a panel surface,
re-aligning of the alignment of the liquid crystal molecules
occurs in a display area, where the singular point 10A of +1
occurred in the middle of the cross-shaped slit 2 is as a base
point. On the signal line 5, re-aligning of the alignment of the
liquid crystal molecules occurs where the singular point 10B
of +1 occurred in the vicinity of the columnar spacer is as a
base point. When the end of the picture electrode 3, the
columnar spacer 4, and the cross-shaped slit 2 are put in this
positional relation, the liquid crystal molecules 6 aligned in
the directions of 0 degree, 90 degrees, 180 degrees, and 270
degrees become those in the cross-shaped slit 2 portion, and
the area between the picture electrode 3 and the signal line 5,
hence not impairing the efficiency of use of light.

‘When no columnar spacer is provided on the signal line 5,
it would take three to four seconds until settled since there is
no definite determining means for determining the position of
a singular point. As a singular point on wiring moves, the
liquid crystal molecules on a display portion also move,
hence visually exhibiting a wavy alignment irregularity.

While the above description for the liquid crystal display
device of the present embodiment is for a transmission liquid
crystal display device, the present embodiment is applicable
to a transmission part in a semi-transmission liquid crystal
display device.

An example where the technology for the liquid crystal
display device of the present embodiment is applied to a
semi-transmission liquid crystal display device is described
with reference to FI1G. 9.
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Referring to FIG. 9, a TFT substrate 30A includes a trans-
parent insulation substrate 50 such as a glass substrate on
which there are formed a scanning line 1 and a scanning
electrode, a common storage line, an auxiliary capacitance
electrode 16, a gate insulation film 52, a semiconductor layer,
a signal line, and a source/drain electrode 15. In addition, a
transparent insulation film 53, which covers the above, is
formed. On the TFT substrate 30A of a transparent domain
200, a picture electrode 3 of a transparent conductive film,
which is formed by an ITO film and the like, is formed. The
shape of the picture element 3 is substantially rectangular as
shown in FIG. 10. The picture electrode 3 includes an elec-
trode non-existing portion 17 formed at a part thereof.

The distance between the end of the picture electrode 3 and
the end of the signal line is 6 pm.

On a reflection domain 100 of the TFT substrate 30A, an
irregularity film 13 is formed. On the surface thereof, a reflec-
tion electrode 14 is formed, hence forming a reflection part.
On the reflection part and the transmission part of the TFT
substrate 30A, a step 18 is formed.

On a counter substrate 40A, a light shielding layer and a
color filter layer (neither shown) are formed on a transparent
insulation substrate 60 such as a glass substrate.

In addition, an over coat layer 61 is formed on the color filter
layer. Onthe over coat layer 61, a common electrode 7 formed
by a transparent conductive film such as an ITO film is
formed. A cross-shaped slit 2, which is an electrode non-
existing portion, is formed at a predetermined part of the
common electrode 7.

A method of forming the reflection part of the TFT sub-
strate 30A is described. After forming the picture electrode 3
on the transparent insulation film 53, a photosensitive acrylic
resin is applied on the TFT substrate 30A, and dried. This is
patterned using the photolithography technique and the etch-
ing technique with a half-tone mask, forming the irregularity
film 13. On the irregularity film 13, the reflection electrode 14
made of metal such as Al/Mo is patterned and formed a
reflection part. When working on this, an average height of
the transmission part (where the photosensitive acrylic resin
is completely removed) and the reflection part was set 2 pm.

Next, a method of forming the counter substrate 40A is
described. First, a light shielding layer and a color filter layer
are formed on the transparent insulation substrate 60 such as
a glass substrate by following a common process. On the
color filter layer, an over coat layer 61 of 1 yum in thickness is
formed using a thermo-set resin. On the over coat layer 61, an
ITO film is formed using the sputtering technique, forming
the common electrode 7. This is patterned by using the pho-
tolithography technique and the etching technique, forming
the electrode non-existing portion at a predetermined part of
the common electrode 7. The shape of the slit 2 is a cross, as
shown in FIG. 11, a shape formed by intersecting two line-
shaped slits. The cross-shape of the slit 2 is made that the
vertical slit is longer, so as to quadrisect in plane the area of
the rectangular picture electrode 3 of the transmission part.
The width of the slit is set to be not less than 6 um and not
larger than 12 pm.

After patterning the common electrode 7, a photosensitive
acrylic resin is applied on the counter substrate, and dried.
This is patterned using the photolithography technique and
the etching technique, forming the columnar spacer 4. The
height of the columnar spacer 4 is adjusted so that a cell gap
becomes 4.0 um after completing a panel process. The colum-
nar spacer 4 has substantially the shape of a square pole. Of
the upper base and the lower base ofthe pole, one that is closer
to a substrate is referred to as the lower base. Here, the shape
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of the upper base was put as a square having a side with a
length of 12 um. In this way, the counter substrate 40A where
the columnar spacer is formed is obtained.

And the TFT substrate 30A and the counter substrate 40A
are formed in the above-described manner, and, on the sur-
faces thereof, vertical alignment films 12 are formed. For the
vertical alignment film 12, for example, a polyimide align-
ment material JALS-2100 of JSR Corporation can be used.
For a liquid crystal, material, MLC-6608 of Merck Ltd. can
be used. A liquid crystal material is filled between the TFT
substrate 30A and the counter substrate 40A according to the
one drop filling and bonding method, thus obtaining an MVA
liquid crystal display device. As a polarization plate, one
where a polarization plate, a half wavelength plate, and a
quarter wavelength plate are laminated was used (not shown).

In this way, an MVA liquid crystal display device was
obtained.

At this time, the end of the slit 2, the end of the picture
electrode, and the columnar spacer are located in a positional
relation similar to those in FIG. 6 and FIG. 7.

The columnar spacer 4 is disposed in the middle of two
cross-shaped slits 2. As was previously described, the dis-
tance between the end of the signal line 5 and the end of the
picture electrode 3 is 6 um, while the distance between the end
of the picture electrode 3 and the end of the cross-shaped slit
2 is 8 um.

When a voltage is applied between the picture electrode 3
and the common electrode 7, a diagonal electric field occurs
due to the presence of the cross-shaped slit 2. Because of the
effect due to this electric field, the directions of the alignment
of liquid crystal molecules can be divided into four divided
domains. When the angle of the lateral and right direction is
set as 0 degree, the four domains are those which are oriented
to the directions of 45 degrees, 135 degrees, 225 degrees, and
315 degrees. The directions along the slits of the cross-shape,
that is 0 degree, 90 degrees, 180 degrees, and 270 degrees, are
ignored, since there is no large contribution to transmissivity.
Since dividing into the four domains was made possible, the
angle field of view becomes wide.

A singular point of the alignment of liquid crystal mol-
ecules on wiring is determined due to the effect of the colum-
nar spacer 4 in a similar way to that in FIG. 8. That is, a
singular point 10A of +1 occurs in the middle of the cross-
shaped slit 2, while a singular point 10B of +1 occurs in the
vicinity of the columnar spacer 4. Moreover, a singular point
11A of -1 occurs between the end of the picture electrode 3
and the end of the signal line 5 (wiring electrode). When
pressing a panel surface with a finger, re-aligning of the
alignment of the liquid crystal molecules occurs in a display
area at the singular point of +1 as a base point of the singular
point having occurred in the middle of the cross-shaped slit 2.
On the wiring electrode, re-aligning of the alignment of the
liquid crystal molecules occurs at the singular point of +1 as
a base point of the singular point having occurred in the
vicinity of the columnar spacer.

Next, a liquid crystal display device in a second exemplary
embodiment of the present invention is described. While a
basic configuration of the liquid crystal display device in the
second embodiment is similar to that of the liquid crystal
display device in the first embodiment, it is different in a point
where a picture electrode in one picture region is divided.

FIG. 11 is a diagram for explaining an alignment control
technology of the liquid crystal display device in the second
exemplary embodiment, and is a plan view of a face of a
substrate of the liquid crystal display device when viewing
the face thereof in the direction perpendicular thereto.
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In FIG. 11, a picture electrode in a picture element domain is
divided into three sub-picture electrodes 3A along a signal
line 5. Each sub-picture electrode 3A is desirable to have a
symmetry-like shape, which is more like a square of a rect-
angle. Three sub-picture electrodes 3A are electrically con-
nected one another through tiny connection electrodes 3B
formed by an ITO film, and becomes equipotential when they
are given electric potentials with a switching element. When
the sub-picture electrodes 3A are too large, a response time
becomes longer, while, when it is too small, the area of a slit
occupying in the picture electrode becomes relatively too
large, hence impairing the efficiency of use of light. There-
fore, a side of the sub-picture electrode 3A is set to have the
length which is normally and approximately from 30 um to 80
pm.

On a common electrode of a counter substrate, one cross-
shaped slit 2 is provided opposite to each of the three sub-
picture electrodes 3A. The cross-shaped slit 2 is provided so
that its center occupies a position same as that of the center of
the picture electrode 3A. A columnar spacer 4 is formed on a
counter substrate at a position where, when a TFT substrate
and a counter substrate are lapped over each other, the colum-
nar spacer 4 is laid on a signal line 5, and is located in the
middle of the edges of two neighboring cross-shaped slits 2.
The shape of the upper base is a square with a side of 10 pm.
That is, the upper base of one columnar spacer has an area of
100 um?. The area of the upper bases of the columnar spacers
occupies 300 um? for one picture electrode, doubling, thus the
area of the lower base in terms of a unit area increases almost
twice compared with the example of the first embodiment.
Therefore, the alignment of liquid crystal molecules became
more stable when a panel surface was depressed. Alterna-
tively, in the above second embodiment of the present inven-
tion, a columnar spacer 4 can be provided on the TFT sub-
strate instead of providing it on the counter substrate.

In the liquid crystal display device of the second embodi-
ment of the present invention, while the picture electrode is
divided into the three sub-picture electrodes 3A along the
signal line 5, it is also possible to divide the picture electrode
along a scanning line, or to divide the picture electrode in the
vertical and horizontal directions with both lines. The colum-
nar spacer is disposed at a position where it is lapped over the
scanning liner or the signal line.

Next, a liquid crystal display device in a third exemplary
embodiment of the present invention is described.

A basic configuration of the liquid crystal display device of
the third embodiment is similar to that of the second embodi-
ment. The third embodiment is different to the second
embodiment in that, in the third embodiment, instead of pro-
viding a slit on a common electrode, a cross-shaped protrud-
ing structure is provided on a common electrode disposed at
a position where the common electrode laps over a picture
electrode, while a quadrate protruding structure is provided
on a common electrode disposed at a position where the
common electrode laps over a signal line. In the present
embodiment, a columnar spacer 4 is located on a TFT sub-
strate.

FIG. 12 is a diagram for explaining an alignment control
technology of the liquid crystal display device in the third
embodiment, and is a plan view of a face of a substrate of the
liquid crystal display device when viewing the face thereofin
the direction perpendicular thereto. Referring to FIG. 12, the
liquid crystal display device of the present embodiment is
described. As is similar to the first embodiment, there were
formed a scanning line and a scanning electrode, a common
storage line, an auxiliary capacitance electrode, a gate insu-
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lation film, a semiconductor layer, a signal line, and a source/
drain electrode. A transparent insulation film was formed to
cover all the above. Subsequently, sub-picture electrodes 3A
were formed in such a method that three electrodes each
having a shape close to be symmetric (a rectangle close to a
square) are successively provided. Then, a photosensitive
acrylic resin was applied on a TFT substrate, and dried. This
was patterned using the photolithography technique and the
etching technique, forming a columnar spacer 4.

A height of the columnar spacer 4 was adjusted so that, when
completing a panel, a cell gap is 4 um. A position where the
columnar spacer 4 is set is described later. Meanwhile, an
elastic modulus of the columnar spacer 4 is the same as that in
the first embodiment.

Next, a method of manufacturing a counter substrate,
which is a second substrate, is described. A light shielding
layer and a color filter are formed on a glass substrate accord-
ing to a common process. On the color filter layer, the over
coat layer of 1 um in thickness is formed using a thermo-set
resin. The reason why the over coat layer was formed is to
even out unevenness on the color filter layer. An ITO film is
formed on the over coat layer using the sputtering technique,
thus forming a common electrode. A photosensitive acrylic
resin was applied thereon, and dried. This was patterned by
using the photolithography technique and the etching tech-
nique, forming a cross-shaped protruding structure 2A and a
quadrate protruding structure 8. The cross-shaped protruding
structures 2A were provided on the counter substrate so as to
respectively face three sub-picture electrodes 3A. Each of the
cross-shaped protruding structures 2A is provided so that its
center occupies a position same as that of the center of the
picture electrode 3A having a shape close to be symmetric.
The cross-shaped protruding structure 2A is 8 pm wide and
1.9 um high. The quadrate protruding structure 8 is a square
with a side of 10 pm, and is 1.9 pm high. The quadrate
protruding structure 8 is formed at a position where, when the
TFT substrate and the counter substrate are lapped over each
other, the quadrate protruding structure 8 is laid on a signal
line 5, and is located in the middle of the edges of two
neighboring cross-shaped protruding structures 2A. The
quadrate protruding structure 8 is not formed on the center
row among the three cross-shaped protruding structures
which are vertically lined up.

The columnar spacer 4 is located at a position which is in
the middle of the ends of two neighboring cross-shaped pro-
truding structures, and which is on the center row among the
three cross-shaped protruding structures which are vertically
lined up. The quadrate protruding structure 8 and the colum-
nar spacer 4 are not formed on the same place.

The TFT substrate and the counter substrate are formed in
the above-described manner, and, on the surfaces thereof,
vertical alignment films are formed. For the vertical align-
ment film, for example, a polyimide alignment material
JALS-2100 of JSR Corporation can be used. For a liquid
crystal material, MLC-6608 of Merck Ltd. can be used. A
liquid crystal material is filled between the TFT substrate and
the counter substrate according to the one drop filling and
bonding method, thus obtaining an MVA liquid crystal dis-
play device.

When a voltage is applied between the sub-picture elec-
trode 3 and the common electrode, an equipotential line is
bent at the insulation protruding structure 2A, causing a
diagonal electric field. Because of the effect of this electric
field, it was possible to form four domains every two neigh-
boring domains having liquid crystal molecules whose direc-

5

10

15

20

25

30

35

40

45

50

55

60

65

14

tions of the alignment are different by 90 degrees, hence
providing a wide angle field of view becomes wide.

Because of the effect of the columnar spacer 4 and the
quadrate protruding structure 8, the position ofthe singularity
is determined as shown in FIG. 12. That is, a singular point
10A of +1 occurs in the vicinity of the columnar spacer 4,
while a singular point 10C of +1 occurs on the quadrate
protruding structure 8. Moreover, a singular point of -1 (not
shown) occurs between the end of the picture electrode 3A
and the end of the signal line 5. When pressing a panel surface
with a finger, re-aligning of the alignment of the liquid crystal
molecules occurs in a display area at the singular point of +1
as a base point of the singular point having occurred in the
middle of the cross-shaped protruding structure 2A.

On the signal line 5, re-aligning of the alignment of the liquid
crystal molecules quickly occurs at the singularity of +1 as a
base point of the singularity having occurred in the vicinity of
the columnar spacer 4 and on the quadrate protruding struc-
ture 8. In this manner, an MVA liquid crystal display device
can be obtained where re-aligning of the alignment of the
liquid crystal molecules quickly occurs even if a pressure is
externally applied on a panel. The MVA liquid crystal display
device of the present embodiment is applicable not only to a
transparent type but also to a semitransparent MVA liquid
crystal display device. Furthermore, in the above third
embodiment of the present invention, the columnar spacer 4
can be placed on the counter substrate instead of on the TFT
substrate.

In the liquid crystal display device of the above third
embodiment of the present invention, instead of the slit 2, the
cross-shaped protruding structure may be provided on the
common electrode. In the liquid crystal display device of the
above third embodiment of the present invention, while the
picture electrode is divided into the three sub-picture elec-
trodes 3 A along the signal line 5, the picture electrode can be
divided along a scanning line, or the picture electrodes can be
divided along the both lines in the vertical and horizontal
directions. The columnar spacer is located at a position where
it is lapped over the scanning liner or the signal line. While the
protruding structure 8 is provided on the side of the counter
substrate, same as that for the cross-shaped protruding struc-
ture 2A, the protruding structure 8 can be provided at a
position where the protruding structure 8 does not lap over the
columnar spacer, on the signal line on the scanning line on the
TFT side opposite to the cross-shaped protruding structure
2A. Moreover, it is apparent that the liquid crystal display
device of the above third embodiment of the present invention
can be applied to the case where a picture electrode is not
divided.

While this invention has been described in connection with
certain preferred embodiments, it is to be understood that the
subject matter encompassed by way of this invention is not to
be limited to those specific embodiments. On the contrary, it
is intended for the subject matter of the invention to include
all alternatives, modification, and equivalents as can be
included within the spirit and scope of the following claims.

What is claimed is:

1. A vertical alignment liquid crystal display device, com-

prising:

a first substrate provided with a wiring part, picture elec-
trodes, switching elements and a columnar spacer, the
wiring part being formed by a plurality of signal lines
and a plurality of scanning lines both crossing each
other, the picture electrodes comprising a plurality of
sub-picture electrodes provided respectively in regions
zoned with the signal lines and the scanning lines, the
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switching elements being associated with picture ele-
ments, and the columnar spacer being provided on the
wiring part;

a second substrate with a common electrode disposed so as
to face the first substrate, the common electrode being
provided with a cross-shaped first alignment restriction
member including a lengthwise portion and a transverse
portion intersecting the lengthwise portion; and

a liquid crystal layer with negative dielectric an isotropy
held between the first substrate and the second substrate,

wherein the cross-shaped first alignment restriction mem-
ber is arranged so as to restrict an alignment of liquid
crystal molecules of the liquid crystal layer when a volt-
age is applied between the picture electrode and the
common electrode, and

wherein said first alignment restriction member comprises
plural first alignment restriction members disposed so as
to face the plurality of sub-picture electrodes, respec-
tively, the signal lines comprise a signal line formed
between the plurality of sub-picture electrodes, and said
columnar spacer is formed on the signal line between
two first alignment restriction members of said plural
first alignment restriction members and on an extended
line of said transverse portion of said two first alignment
restriction members.

2. The liquid crystal display device according to claim 1,
wherein the plurality of sub-picture electrodes are provided in
succession.

3. The liquid crystal display device according to claim 1,
wherein the picture electrode has a symmetric shape.

4. The liquid crystal display device according to claim 1,
wherein the columnar spacer is provided on the second sub-
strate.

5. The liquid crystal display device according to claim 1,
wherein the columnar spacer is provided on the first substrate.

6. The liquid crystal display device according to claim 1,
wherein a position of the wiring part at which the columnar
spacer is provided is located in the middle of the two neigh-
boring first alignment restriction members.

7. The liquid crystal display device according to claim 1,
wherein the first alignment restriction member which is pro-
vided on the common electrode comprises an electrode non-
existing portion of the common electrode.

8. The liquid crystal display device according to claim 7,
wherein the non-existing portion has a width which is set to be
not less than 6 um and not larger than 12 pm.

9. The liquid crystal display device according to claim 1,
wherein the first alignment restriction member provided on
the common electrode comprises a protruding structure.

10. The liquid crystal display device according to claim 1,
wherein the columnar spacer is formed by a photosensitive
acrylic resin.

11. The liquid crystal display device according to claim 1,
wherein the first alignment restriction member is formed by
using a photosensitive acrylic resin.

12. The liquid crystal display device according to claim 1,
wherein a reflection part, which reflects light entering through
the second substrate, is provided on the first substrate in the
area of a picture element including the picture electrode.

13. The liquid crystal display device according to claim 1,
wherein said two first alignment restriction members com-
prise two neighboring first alignment restriction members,
and wherein said columnar spacer is formed midway between
said two neighboring first alignment restriction members.

14. The liquid crystal display device according to claim 1,
wherein said transverse portion of said two first alignment
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restriction members is parallel to said plurality of scanning
lines and perpendicular to said plurality of signal lines.

15. The liquid crystal display device according to claim 1,
wherein said plural cross-shaped first alignment restriction
members comprise a cross-shaped slit formed in said com-
mon electrode, and

wherein said transverse portion comprises a transverse slit
formed in said common electrode.

16. A vertical alignment liquid crystal display device, com-

prising:

a first substrate provided with a wiring part, picture elec-
trodes, switching elements and a columnar spacer, the
wiring part being formed by a plurality of signal lines
and a plurality of scanning lines both crossing each
other, the picture electrodes comprising a plurality of
sub-picture electrodes provided respectively in regions
zoned with the signal lines and the scanning lines, the
switching elements being associated with picture ele-
ments, and the columnar spacer being provided on the
wiring part;

a second substrate with a common electrode disposed so as
to face the first substrate, the common electrode being
provided with a cross-shaped first alignment restriction
member including a lengthwise portion and a transverse
portion intersecting the lengthwise portion; and

a liquid crystal layer with negative dielectric anisotropy
held between the first substrate and the second substrate,

wherein the cross-shaped first alignment restriction mem-
ber is arranged so as to restrict an alignment of liquid
crystal molecules of the liquid crystal layer when a volt-
age is applied between the picture electrode and the
common electrode,

wherein said columnar spacer is formed near a singular
point of alignment of said liquid crystal molecules,

wherein the first alignment restriction member provided on
the common electrode comprises a protruding structure,

wherein said first alignment restriction member comprises
plural first alignment restriction members disposed so as
to face the plurality of sub-picture electrodes, respec-
tively, the signal lines comprise a signal line formed
between the plurality of sub-picture electrodes, and said
columnar spacer is formed on the signal line between
two first alignment restriction members of said plural
first alignment restriction members and on an extended
line of the transverse portion of said two first alignment
restriction members, and

wherein a second alignment restriction member, which
comprises a protruding structure for restricting an align-
ment of the liquid crystal molecules, is formed on the
common electrode and is located at a position such that
the second alignment restriction member overlaps the
signal line or the scanning line and is beside the colum-
nar spacer.

17. The liquid crystal display device according to claim 16,
wherein the second alignment restriction member is formed
by using a photosensitive acrylic resin.

18. A vertical alignment liquid crystal display device, com-

prising:

a first substrate provided with a wiring part, picture elec-
trodes, switching elements and a columnar spacer, the
wiring part being formed by a plurality of signal lines
and a plurality of scanning lines both crossing each
other, the picture electrodes comprising a plurality of
sub-picture electrodes provided respectively in regions
zoned with the signal lines and the scanning lines, the
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switching elements being associated with picture ele-
ments, and the columnar spacer being provided on the
wiring part;

a second substrate with a common electrode disposed so as
to face the first substrate, the common electrode being
provided with a cross-shaped first alignment restriction
member including a lengthwise portion and a transverse
portion intersecting the lengthwise portion; and

a liquid crystal layer with negative dielectric anisotropy
held between the first substrate and the second substrate,

wherein the cross-shaped first alignment restriction mem-
ber is arranged so as to restrict an alignment of liquid
crystal molecules of the liquid crystal layer when a volt-
age is applied between the picture electrode and the
common electrode,

wherein said columnar spacer is formed near a singular
point of alignment of said liquid crystal molecules,

10

15

18

wherein the first alignment restriction member provided on
the common electrode comprises a protruding structure,

wherein said first alignment restriction member comprises
plural first alignment restriction members disposed so as
to face the plurality of sub-picture electrodes, respec-
tively, the signal lines comprise a signal line formed
between the plurality of sub-picture electrodes, and said
columnar spacer is formed on the signal line between
two first alignment restriction members of said plural
first alignment restriction members and on an extended
line of the transverse portion of said two first alignment
restriction members, and

wherein a second alignment restriction member, which
comprises a protruding structure for restricting an align-
ment of the liquid crystal molecules, is formed on the
signal line or the scanning line and is beside the colum-
nar spacer.
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