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(57) ABSTRACT

A liquid crystal display including first and second substrates
arranged opposite to each other to form a gap, with first and
second alignment films provided on the first and second sub-
strates, respectively. A cured material is provided on at least
one of the first and second alignment films, and a liquid
crystal layer of liquid crystal molecules is provided in the gap.
The display includes a pixel electrode with a plurality of
elongated members arranged with spaces therebetween,
wherein the plurality of elongated members are electrically
connected to each other, and a common electrode configured
to apply a voltage to the liquid crystal layer in cooperation
with the pixel electrode. The plurality of elongated members
include first, second, third and fourth elongated members
extending, respectively, in first, second, third and fourth
directions in plan view. The cured material regulates align-
ment directions of the liquid crystal molecules.
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LIQUID CRYSTAL DISPLAY

[0001] This applicationis a continuation of application Ser.
No. 12/951,630, filed Nov. 22, 2010, which is a continuation
of application Ser. No. 12/261,788, filed Oct. 30, 2008, now
U.S. Pat. No. 7,872,719, which is a division of application
Ser. No. 11/029,965, filed Jan. 5, 2005, now U.S. Pat. No.
7,499,132, which is a division of application Ser. No. 10/095,
626, filed Mar. 12, 2002, now U.S. Pat. No. 6,977,704.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD), and particularly to a liquid crystal display based
on an MVA (Multi-domain Vertical Alignment) mode of
multi-division alignment in which alignment states of liquid
crystal molecules having a negative dielectric anisotropy are
made different from each other.

[0004] 2. Description of the Related Art

[0005] An LCD is regarded as the most promising substi-
tute for a CRT among various flat panel displays. It is
expected that the LCD has an extended market by being
applied to not only a display monitor of a PC (Personal
Computer), a word processor, or an OA equipment, butalso a
display portion of a consumer (household electric) appliance
such as a large screen television or a portable small-sized
television.

[0006] A display operation mode ofthe LCD, which is most
frequently used at present, is a normally-white mode using a
TN (Twisted Nematic) liquid crystal. This LCD includes
electrodes respectively formed on opposite surfaces of two
glass substrates arranged opposite to each other, and horizon-
tal alignment films formed on both the electrodes. The two
horizontal alignment films are subjected to an alignment pro-
cessing by rubbing or the like in the directions perpendicular
to each other. Besides, polarizing plates having polarization
axes adjusted to be parallel to the rubbing directions of the
alignment films of the inner surfaces of the substrates are
respectively arranged at the respective outer surfaces of the
substrates.

[0007] When a nematic liquid crystal having a positive
dielectric anisotropy is sealed between the substrates, liquid
crystal molecules in contact with the alignment film are
aligned in the rubbing direction. That is, the alignment direc-
tions of the liquid crystal molecules being in contact with the
two alignment films cross at right angles. At the same time as
that, the liquid crystal molecules between both the substrates
are lined up in the direction vertical to the substrate surface
while the alignment direction is successively rotated in a
plane parallel to the substrate surface, and the liquid crystal is
twisted with a twist angle of 90° between the substrates and is
lined up.

[0008] If light is made incident on one of the substrate
surfaces of the TN type LCD of the above construction, when
linearly polarized light having passed through the polarizing
plate at the side of the one substrate passes through the liquid
crystal layer, the polarization orientation rotates in an arc of
90° along the twist of the liquid crystal molecules, and the
light passes through the polarizing plate at the side of the
other substrate having the polarization axis orthogonal to the
polarizing plate at the side of the one substrate. By this, a
bright state display can be obtained at the time of no voltage
application (normally-white mode).
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[0009] When a voltage is applied between the opposite
electrodes, since major axes of the nematic liquid crystal
molecules having the positive dielectric anisotropy are
aligned perpendicularly to the substrate surface, the twist
disappears. The liquid crystal molecules do not have birefrin-
gence (refractive index anisotropy) relative to the linearly
polarized light incident on the liquid crystal layer of this state.
Accordingly, since the incident light does not change its
polarization direction, it can not pass through the other polar-
izing plate. By this, a dark state display is obtained at the time
of predetermined maximum voltage application. When the
state 1s again made the no voltage application state, it is
possible to return the display to the bright state display by
alignment regulating force. Besides, a gradation display
becomes possible by changing the applied voltage to control
the tilt of the liquid crystal molecule and to change the inten-
sity of transmitted light from the other polarizing plate.

[0010] An active matrix TN type TFT-LCD in whicha TFT
(Thin Film Transistor) is provided in each pixel as a switching
element for controlling an applied voltage between opposite
electrodes for each pixel is widely used for a PC display
monitor, a portable television or the like since it is thin and
lightweight, and a large screen and high quality can be
obtained. A manufacturing technique of the TN type TFT-
LCDis remarkably advanced in recent years, and the contrast,
color reproduction property and the like when looking at the
screen front ways are superior to a CRT. However, the TN
type TFT-LCD has a fatal defect that a viewing angle is
narrow. Especially, the viewing angle in the vertical direction
is narrow in panel observation directions. The luminance of a
dark state increases in one direction and an image becomes
whitish, and a dark display is obtained as a whole in the other
direction, and a luminance inversion phenomenon of an
image occurs ata halftone. This is the biggest defect of the TN
type LCD.

[0011] As an LCD which has dissolved the problem of the
viewing angle characteristics of the TN type LCD, there is an
MVA-LCD disclosed in Japanese Patent No. 2947350. An
example of the construction of the MVA-LCD will be
described. First, electrodes are respectively formed at the
sides of opposite surfaces of two substrates having a prede-
termined gap and arranged opposite to each other. Vertical
alignment films are formed on both the electrodes, and a
liquid crystal having a negative dielectric anisotropy is sealed
between the two vertical alignment films. A plurality of linear
projections made of insulators are periodically formed
between the electrodes and the vertical alignment films of
both the substrates. The linear projections opposite to each
other between the two substrates are arranged while they are
shifted by a half pitch from each other when viewed from the
substrate surface. The linear projections are used for align-
ment control to divide the liquid crystal in a pixel region into
plural alignment orientations. Incidentally, even if slit por-
tions are provided on the electrodes instead of the linear
projections, the alignment division can be controlled.

[0012] Two polarizing plates having polarization axes
orthogonal to each other are provided at the outer surfaces of
the two substrates. The attachment directions of the polariz-
ing plates are adjusted so that the orientations of the major
axes of the liquid crystal molecules tilted on the substrate
display surfaces at the time of voltage application become
approximately 45° with respect to the polarization axes of the
polarizing plates when viewed from the substrate surface.
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[0013] When a nematic liquid crystal having a negative
dielectric anisotropy is sealed between the substrates, the
major axes of the liquid crystal molecules are aligned in the
vertical direction with respect to the film surface of the ver-
tical orientation film. Thus, the liquid crystal molecules on the
substrate surface are aligned vertically to the substrate sur-
face, and the liquid crystal molecules on the tilted surfaces of
the linear projections are aligned obliquely to the substrate
surface.

[0014] When light is made incident on one of the substrate
surfaces in the state where a voltage is not applied between
both the electrodes of the MVA-LCD of the above construc-
tion, the linearly polarized light having passed through the
one polarizing plate and incident on the liquid crystal layer
travels in the directions of the major axes of the vertically
aligned liquid crystalmolecules. Since birefringence does not
occur in the directions of the major axes of the liquid crystal
molecules, the incident light travels without changing the
polarization orientation, and is absorbed by the other polar-
izing plate having the polarization axis orthogonal to that of
the one polarizing plate. By this, a dark state display is
obtained at the time of no voltage application (normally-
black mode).

[0015] When a voltage is applied between the opposite
electrodes, the major axes of the liquid crystal molecules are
aligned parallel to the substrate surface while the alignment
orientations of the liquid crystal molecules on the substrate
surface are regulated in accordance with the alignment ori-
entations of the liquid crystal molecules tilted by the linear
projections in advance.

[0016] The liquid crystal molecule has birefringence rela-
tive to the linearly polarized light incident on the liquid crys-
tal layer of this state, and the polarization state of the incident
light is changed according to the tilt of the liquid crystal
molecule. At the time of predetermined maximum voltage
application, since the light passing through the liquid crystal
layer becomes, for example, linearly polarized light in which
the polarization orientation rotates in an arc of 90°, it passes
through the other polarizing plate and a bright state display is
obtained. When the state of no voltage application is again
produced, the display can be returned to the dark state display
by the alignment regulating force. Besides, a gradation dis-
play becomes possible by changing the applied voltage to
control the tilt of the liquid crystal molecule and to change the
intensity of transmitted light from the other polarizing plate.

[0017] According to the active matrix MVA system TFT-
LCD in which a TFT is formed in each pixel, since the
alignment orientation of the liquid crystal in the pixel can be
divided into plural ones, as compared with the TN type TFT-
LCD, an extremely wide viewing angle and high contrast can
be realized. Besides, since a rubbing processing is not
required, the manufacturing process becomes easy and the
manufacturing vield can be improved.

[0018] However, the conventional MVA system TFT-LCD
can be improved in the response time of a display. That is, a
high speed response can be made in the case where black is
again displayed after a black display was changed to a white
display. However, a response time when a halftone is dis-
played from another halftone is rather inferior to the TN type
TFT-LCD.

[0019] Besides, also with respect to the transmittance of
light, although the conventional MVA system TFT-LCD is
substantially twice as excellent as a wide viewing angle LCD
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of an IPS (In-plane Switching) system of a horizontal electric
field system, it is inferior to the TN type TFT-LCD.

[0020] As stated above, although the MVA system TFT-
LCD has dissolved the problem of the conventional LCD with
respect to the viewing angle, contrast, and response time of
black-white-black display, it does not exceed the conven-
tional TN type LCD with respect to the response time at a
halftone display and the transmittance.

[0021] Here, the reason why the halftone response of the
conventional MVA-LCD is slower than the conventional TN
type LCD will be described with reference to FIGS. 73A to
74C. FIGS. 73 A to 73C show a schematic construction of a
section obtained by cutting an MVA-LCD panel in the direc-
tion vertical to a substrate surface. FIG. 73A shows an align-
ment state of liquid crystal at the time of no voltage applica-
tion, and FIG. 73B shows an alignment state of the liquid
crystal at the time of voltage application. FIG. 73C is a con-
ceptual view showing an alignment control state. FIGS. 74A
to 74C show a schematic construction ofa section obtained by
cutting a TN type LCD panel in the direction vertical to a
substrate surface. FIG. 74A shows an alignment state of lig-
uid crystal at the time of no voltage application, and FIG. 74B
shows an alignment state of the liquid crystal at the time of
voltage application. FIG. 74C is a conceptual view showing
an alignment control state.

[0022] First, a TN type LCD 100 will be described with
reference to FIGS. 74A to 74C. As shown in FIG. 74A, at the
time of no voltage application, a liquid crystal 102 of the TN
type LCD 100 is twisted with a twist angle of 90° and is
aligned between an electrode 108 at the side of an upper
substrate 104 and an electrode 110 (either alignment film is
not shown) at the side of a lower substrate 106 arranged
opposite to each other. When a voltage is applied between the
electrodes 108 and 110, as shown in FIG. 74B, liquid crystal
molecules rise almost vertically to the surfaces of the sub-
strates 104 and 106 and the twist disappears. If the voltage
application is removed, the liquid crystal molecules rotate in
the direction substantially parallel to the original surfaces of
the substrates 104 and 106 and return to the twist alignment.
As stated above, in the case of the TN type LCD 100, as shown
by an oblique line portion 112 of FIG. 74C, we can consider
that not only the liquid crystal molecules in the vicinity of the
interfaces of the not-shown alignment films on the electrodes
108 and 110 are alignment-controlled by the regulating forces
of the alignment films, but also the liquid crystal molecules in
the center region of the liquid crystal layer 102 are also
alignment-controlled to a certain degree by a twist alignment
due to addition of a chiral agent or the like.

[0023] Ontheother hand, as shown in FIG. 73A, atthe time
of no voltage application, in a liquid crystal 124 of an MVA-
LCD 114, liquid crystal molecules other than those in the
vicinity of linear projections 126, 128, and 130 are almost
vertically aligned between an electrode 120 at the side of an
upper substrate 116 and an electrode 122 (either alignment
film is not shown) at the side of a lower substrate 118 arranged
opposite to each other. The liquid crystal molecules in the
vicinity of the linear projections 126 to 130 are aligned almost
vertically to the surfaces of the not-shown alignment films on
the oblique surfaces of the projections and are tilted with
respect to the substrate surfaces. When a voltage is applied
between the electrodes 120 and 122, as shown in FIG. 73B,
the tilt of the liquid crystal is successively propagated in the
tilt directions of the liquid crystal molecules in the vicinity of
the linear projections 126 to 130 for alignment regulation.
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Thus, a time lag occurs until the liquid crystal in a portion
between a linear projection and an adjacent linear projection,
that is, in the center of the gap portion finishes tilting. Espe-
cially, in the gradation change from black to a dark halftone,
the change amount of applied voltage is small and the change
of the intensity of an electric field in the liquid crystal is small,
so that the propagation speed of the tilt of the liquid crystal
molecule is lowered.

[0024] Falling directions of the liquid crystal molecules
existing in the space portions of the linear projections 126 to
130 are not determined if the tilt direction is not propagated
from the linear projections 126 to 130. That is, as shown by
oblique line portions 132 of FIG. 73C, the alignment of the
liquid crystal in the MVA-LCD is regulated by only the dis-
tortion of an electric field in the vicinity of the interfaces of the
alignment films to which the regulating forces of the align-
ment films on the substrate surfaces reach, and at the align-
ment films on the linear projections 126 to 130 and their
vicinity, and the liquid crystal alignment of the other region is
only indirectly controlled.

[0025] Even in the conventional MVA construction, if the
space distance (pitch) of the linear projections of the upper
and lower substrates is made short, the response time can be
made short. However, as described above, in a general MVA-
LCD, since the tilt orientation of liquid crystal is determined
by the projection oblique surface of an insulator, the tilt
portion must have a certain degree of width, length and
height. Thus, the pitch of the upper and lower projections
cannot be made very short.

[0026] FIG. 75 shows an alignment state of liquid crystal
molecules at the time of voltage application when the MVA-
LCD shown in FIGS. 73A to 73C is viewed from the side of
the lower substrate 118. Among the three linear projections
126, 128 and 130 extending horizontally in the drawing, the
upper and lower two projections 126 and 128 are formed on
the lower substrate 118, and the center one projection 130 is
formed on the upper substrate 116.

[0027] Theliquid crystal molecules, which are aligned sub-
stantially vertically to the substrates 116 and 118 at the time
of no voltage application, are alignment-divided, as shown in
FIG. 75, at the time of voltage application into an alignment
region A in which they are aligned in the direction (upward
direction of the paper plane) toward the linear projection 128
at the side of the lower substrate 118 from the linear projec-
tion 130 at the side of the upper substrate 116, and an align-
ment region B in which they are aligned in the direction
(downward direction of the paper plane) toward the linear
projection 126 at the side of the lower substrate 118 from the
linear projection 130.

[0028] That is, at the time of voltage application, the liquid
crystal molecules over the adjacent alignment regions A and
B at both sides of the linear projection 130 are alignment-
divided so that the orientation of the major axis of the liquid
crystal of the alignment region A becomes substantially +90°
with respect to the extending direction of the linear projection
130, and the orientation of the major axis of the liquid crystal
of the alignment region B becomes substantially —90° with
respect to the extending direction of the linear projection 130.
On the other hand, at the time of voltage application, the
liquid crystal molecules in the vicinity of tops of the linear
projections 126 to 130 are tilted in the directions in which the
respective projections extend, and they are aligned so that the
alignment orientation becomes substantially 0° or 180° (par-
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allel) with respect to the extending directions of the respective
linear projections 126, 128 and 130.

[0029] As stated above, at the time of voltage application,
with respect to the alignment orientations (substantially 0° or
180° with respect to the extending directions of the linear
projections 126 to 130) of the liquid crystal molecules in the
vicinity of the tops of the linear projections 126, 128 and 130,
the alignment orientations of the liquid crystal molecules of
the display region on the substrates 116 and 118 come to have
a state in which they rotate in an arc of 90°. Thus, as shown in
FIG. 75, the liquid crystal molecules aligned in the orienta-
tion of 45° with respect to the extending directions of the
respective linear projections 126, 128 and 130 are arranged at
both sides of the tilt surfaces of the linear projections 126 to
130. However, polarization axes P and A of polarizing plates
indicated by orthogonal arrows in the drawing are arranged to
be tilted with an angle of 45° with respect to the alignment
orientations of the liquid crystal molecules of the display
regions A and B on the substrates 116 and 118.

[0030] Accordingly, since the alignment orientations of the
liquid crystal molecules aligned in the orientation of 45° with
respect to the respective linear projections 126, 128 and 130
become parallel to and orthogonal to the polarization orien-
tations of the polarization axes P and A of the polarizing
plates, as shown by broken lines in the drawing, two dark lines
(discrimination lines) 140 and 142 are generated at both sides
of the tilt surfaces of the linear projections 126 to 130. Inci-
dentally, the two dark lines 140 and 142 are formed for every
interval between a first singular point (indicated by (+1) inthe
drawing) and a second singular point (indicated by (-1) in the
drawing) of alignment vector fields formed on the linear
projections 126 to 130. At the first singular point (+1), the
orientations of the major axes of the liquid crystal molecules
are directed toward substantially the same point, and at the
second singularity point (-1), part of the liquid crystal mol-
ecules are directed in different directions.

[0031] In the conventional MVA-LCD like this, if an
attempt to shorten the response time of a halftone is made by
shortening the pitch of the upper and lower projections to
increase the formation density, not only the occupied area of
the projections in the pixel region is increased, but also the
formation density of the two dark lines 140 and 142 formed at
both sides of the projection is also increased, and a drop in
transmittance becomes so large that it can not be neglected.
Accordingly, there arises a problem that if the formation
density of the linear projections is made high in order to
improve the response characteristics of the liquid crystal, the
transmittance is lowered. As stated above, the conventional
MVA-LCD construction has a problem that the improvement
of the response characteristics of the liquid crystal and the
improvement of the transmittance have a trade-off relation.

SUMMARY OF THE INVENTION

[0032] An object of the present invention is to provide a
liquid crystal display in which a drop in transmittance is
suppressed and response characteristics are improved.
[0033] Another object of the present invention is to provide
a liquid crystal display in which a drop in response charac-
teristics is suppressed and transmittance is improved.

[0034] The above objects are achieved by a liquid crystal
display characterized by comprising a pair of substrates hav-
ing a predetermined cell gap and arranged opposite to each
other, vertical alignment films formed between the pair of
substrates, a liquid crystal layer sealed between the vertical
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alignment films and having a negative dielectric anisotropy,
an alignment regulating structural member arranged at least
one of the pair of substrates, for regulating a total alignment
direction of liquid crystal molecules in the liquid crystal layer
atatime of voltage application, and a cured material provided
in the liquid crystal layer and including a liquid crystal skel-
eton for tilting the liquid crystal molecules.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIGS. 1A and 1B are views showing the operation
principle of a liquid crystal display according to a first
embodiment of the present invention;

[0036] FIG. 2 is a view showing application effects of
example 1-1 according to the first embodiment of the present
invention;

[0037] FIG.3isa view showing the measurement results of
response speed according to the example 1-1 of the first
embodiment of the present invention;

[0038] FIG.4isa view showing the measurement results of
response speed according to comparative example 1-1;
[0039] FIG.51saview showing the relation between the tilt
angle of liquid crystal molecules on an alignment regulating
structural member and transmittance (indicated by applied
voltage) before formation of polymer;

[0040] FIGS. 6A and 6B are views showing the schematic
construction of an MVA cell according to example 1-3 of the
first embodiment of the present invention;

[0041] FIG. 7is a view showing the schematic construction
of an MVA cell according to example 1-4 of the first embodi-
ment of the present invention;

[0042] FIGS. 8A to 8D are views showing the alignment
state of liquid crystal molecules with respect to an alignment
regulating structural member or a singular point control por-
tion;

[0043] FIGS. 9A to 9D are views showing the alignment
state of liquid crystal molecules with respect to an alignment
regulating structural member or a singular point control por-
tion,;

[0044] FIGS.10A to 10D are views showing the alignment
state of liquid crystal molecules with respect to an alignment
regulating structural member or a singular point control por-
tion;

[0045] FIGS.11A to 11D are views showing the alignment
state of liquid crystal molecules with respect to an alignment
regulating structural member or a singular point control por-
tion;

[0046] FIGS.12A to 12D are views showing the alignment
state of liquid crystal molecules with respect to an alignment
regulating structural member or a singular point control por-
tion,;

[0047] FIGS.13Ato 13D are views showing the alignment
state of liquid crystal molecules with respect to an alignment
regulating structural member or a singular point control por-
tion;

[0048] FIGS. 14A and 14B are views showing a state in
which a liquid crystal panel including a cruciform projection
structural member 4 formed on one substrate 1 is viewed in
the direction of a normal of a substrate surface;

[0049] FIG. 15 is a view showing a state in which a liquid
crystal panel according to example 2-1 of a second embodi-
ment of the present invention is viewed in the direction of a
normal of a substrate surface;
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[0050] FIG. 16 is a graph for comparing the liquid crystal
panel of the example 2-1 in the second embodiment of the
present invention with a liquid crystal panel of a comparative
example;

[0051] FIG. 17 is a view showing a state in which a liquid
crystal panel according to example 2-2 of the second embodi-
ment of the present invention is viewed in the direction of a
normal of a substrate surface;

[0052] FIG. 18 is a graph for comparing the liquid crystal
panel of the example 2-2 in the second embodiment of the
present invention with a liquid crystal panel of a comparative
example;

[0053] FIG. 19 is asectional view showing the construction
of a liquid crystal panel according to a third embodiment of
the present invention;

[0054] FIGS. 20A to 20D are views for explaining a manu-
facturing method of the liquid crystal panel according to the
third embodiment of the present invention;

[0055] FIG. 21 is a view showing another example of the
construction of the liquid crystal panel according to the third
embodiment of the present invention and a state in which two
adjacent liquid crystal cells are viewed against a substrate
surface;

[0056] FIG. 22 is a view showing still another example of
the construction of the liquid crystal panel according to the
third embodiment of the present invention and a comparative
example, and a state in which two pixels of the liquid crystal
panel are viewed in the direction of a normal of a substrate
surface;

[0057] FIG. 23 is a view for explaining a problem to be
solved by a fourth embodiment of the present invention;
[0058] FIG. 24 is a view for explaining a problem to be
solved by the fourth embodiment of the present invention;
[0059] FIG. 25 is a view showing a liquid crystal display
according to example 4-1 of the fourth embodiment of the
present invention;

[0060] FIG. 26 is a view showing the liquid crystal display
according to the example 4-1 of the fourth embodiment of the
present invention;

[0061] FIG.27isaview schematically showing a section of
an MVA cell according to the example 4-1 of the fourth
embodiment of the present invention;

[0062] FIG. 28 is a view schematically showing the section
of the MVA cell according to the example 4-1 of the fourth
embodiment of the present invention;

[0063] FIG.29isaview schematically showing a section of
a MVA cell according to a comparative example of the
example 4-1 of the fourth embodiment of the present inven-
tion;

[0064] FIG. 30is a view schematically showing the section
of the MVA cell according to the comparative example of the
example 4-1 of the fourth embodiment of the present inven-
tion;

[0065] FIG. 31 is a view showing a liquid crystal display
according to example 4-2 of the fourth embodiment of the
present invention;

[0066] FIG. 321s aview schematically showing a section of
an MVA cell according to the example 4-2 of the fourth
embodiment of the present invention;

[0067] FIG. 33 is a view schematically showing the section
of the MVA cell according to the example 4-2 of the fourth
embodiment of the present invention;
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[0068] FIG. 34 is a view showing a liquid crystal display
according to example 4-3 of the fourth embodiment of the
present invention;

[0069] FIG. 35 is a view showing a liquid crystal display
according to example 5-1 of a fifth embodiment of the present
invention;

[0070] FIG. 36 is a view showing the liquid crystal display
according to the example 5-1 of the fifth embodiment of the
present invention;

[0071] FIG. 37 is a view showing a liquid crystal display
according to example 5-2 of the fifth embodiment of the
present invention;

[0072] FIGS. 38A and 38B are views showing a liquid
crystal panel construction according to example 6-1 of a sixth
embodiment of the present invention;

[0073] FIGS. 39A and 39B are views showing a liquid
crystal panel construction according to example 6-2 of the
sixth embodiment of the present invention;

[0074] FIGS. 40A and 40B are views showing a liquid
crystal panel construction according to example 6-3 of the
sixth embodiment of the present invention;

[0075] FIG. 41 is a view showing a liquid crystal panel
construction according to example 6-4 of the sixth embodi-
ment of the present invention;

[0076] FIG. 42 is a view showing a liquid crystal panel
construction according to example 6-5 of the sixth embodi-
ment of the present invention;

[0077] FIG. 43 is a view showing a liquid crystal panel
construction according to example 6-6 of the sixth embodi-
ment of the present invention;

[0078] FIG. 44 is a view for explaining a problem to be
solved by a seventh embodiment of the present invention;
[0079] FIGS. 45A to 45F are views for explaining the prob-
lem to be solved by the seventh embodiment of the present
invention;

[0080] FIGS. 46A to 46H are views for explaining the
problem to be solved by the seventh embodiment of the
present invention;

[0081] FIGS.47A to 47F areviews for explaining the prob-
lem to be solved by the seventh embodiment of the present
invention;

[0082] FIGS. 48A and 48B are views showing a liquid
crystal panel construction according to example 7-1 of the
seventh embodiment of the present invention;

[0083] FIGS. 49A and 49B are views showing measure-
ment results of response speed of the liquid crystal panel
according to the example 7-1 of the seventh embodiment of
the present invention;

[0084] FIGS. 50A and 50B are views showing a liquid
crystal panel construction according to example 7-2 of the
seventh embodiment of the present invention;

[0085] FIGS. 51A and 51B are views showing a liquid
crystal panel construction according to example 7-3 of the
seventh embodiment of the present invention;

[0086] FIGS. 52A and 52B are views showing a liquid
crystal panel construction according to example 7-4 of the
seventh embodiment of the present invention,

[0087] FIG. 53 is a view for explaining a manufacturing
method of a liquid crystal panel according to example 7-5 of
the seventh embodiment of the present invention;

[0088] FIG. 54 is a view showing a liquid crystal panel
construction according to example 7-6 of the seventh embodi-
ment of the present invention;
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[0089] FIG. 55 is a view for explaining a problem to be
solved by an eighth embodiment of the present invention;
[0090] FIG. 56 is a view for explaining the problem to be
solved by the eighth embodiment of the present invention;
[0091] FIG. 57 is a view showing the dependency of
response characteristics of a liquid crystal display on a cell
gap (cell thickness) in the eighth embodiment of the present
invention;

[0092] FIG. 58 is a view showing the relation between a
height of a bank of a liquid crystal display and a contrast ratio
in the eighth embodiment of the present invention;

[0093] FIG. 59 is a view showing the space width (pitch)
dependency of response characteristics of the liquid crystal
display in the eighth embodiment of the present invention;
[0094] FIG. 60 is a view showing the space width (pitch)
dependency of response characteristics of the liquid crystal
display in the eighth embodiment of the present invention;
[0095] FIG. 61 is a view showing the space width (pitch)
dependency of response characteristics of the liquid crystal
display in the eighth embodiment of the present invention;
[0096] FIG. 62 is a view showing the relation between bank
width and panel transmittance in the eighth embodiment of
the present invention;

[0097] FIG. 63 is a view for explaining a problem to be
solved by a ninth embodiment of the present invention;
[0098] FIG. 64 is a view for explaining the problem to be
solved by the ninth embodiment of the present invention;
[0099] FIG. 65 is a view for explaining the problem to be
solved by the ninth embodiment of the present invention;
[0100] FIG. 66 is a view showing the parameter depen-
dency of an on state response time in a VA system LCD in the
ninth embodiment of the present invention;

[0101] FIG. 67 is a view showing the response characteris-
tics of a VA system LCD using a liquid crystal shown in Table
11 in the ninth embodiment of the present invention;

[0102] FIG. 68 is a view showing a sectional construction
of an MVA-LCD in the ninth embodiment of the present
invention;

[0103] FIG. 69 is a view showing the propagation state of
the tilt of liquid crystal molecules in the MVA-LCD in the
ninth embodiment of the present invention;

[0104] FIG. 70 is a view showing the parameter depen-
dency of an on state response time in the MVA-LCD in the
ninth embodiment of the present invention;

[0105] FIG. 71 is a view showing a sectional construction
of the MVA-LCD in the ninth embodiment of the present
invention;

[0106] FIGS. 72A to 72D are views showing results of
microscopic observation of transient response characteristics
of the MVA-LCD in which a space s is changed in the ninth
embodiment of the present invention;

[0107] FIGS. 73A to 73C are views for explaining the rea-
son why a halftone response of a conventional MVA-LCD is
slow as compared with a conventional TN type LCD;

[0108] FIGS. 74A to 74C are views for explaining the rea-
son why the halftone response of the conventional MVA-LCD
is slow as compared with the conventional TN type LCD; and
[0109] FIG. 75 is a view showing an alignment state of
liquid crystal molecules at the time of voltage application
when the MVA-LCD shown in FIGS. 73A to 73C is viewed
from the side of a lower substrate 118.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0110] A liquid crystal display according to a first embodi-
ment of the present invention will be described with reference
to FIGS. 1A to 7. This embodiment is characterized in that in
a liquid crystal display for regulating the alignment of all
liquid crystal molecules at the time of voltage application by
local alignment regulation, as typified by the above MVA
system, a propagation process of a tilt of the liquid crystal
molecule at the time of a response operation by voltage appli-
cation is eliminated, and the whole display region is tilted at
the same time. In addition, there is provided a liquid crystal
display showing very high-speed response characteristics in
all gradations by improving the response property itself of the
liquid crystal molecules to an electric field.

[0111] In order to improve the response speed in the MVA
system or the like, it is indispensable that a time required for
tilt propagation of liquid crystal molecules is made zero and
the whole surface of a display region is made to tilt at the same
time. In order to realize the whole surface simultaneous tilt, it
is effective to form a stable state in which in the state of no
voltage application, liquid crystal molecules are slightly tilted
with respect to a substrate interface over the whole surface.
[0112] The operation principle of this embodiment is
shown in FIGS. 1A and 1B. As a result of earnest trial, it has
been found that the great speed-up in the response speed by
the whole surface simultaneous tilt can be realized by form-
ing, as shown in FIG. 1A, a photo-cured material of a photo-
curable composition having a liquid crystal skeleton in a
liquid crystal layer, and by forming the liquid crystal skeleton
in astate where it s tilted with respect to a substrate. As shown
in FIG. 1B, the liquid crystal skeleton is fixed at an angle
different from an alignment control direction by an alignment
film, and by adsorption power between the liquid crystal
skeleton and liquid crystal molecules, the liquid crystal mol-
ecules are tilted toward the side of the alignment direction of
the liquid crystal skeleton rather than the alignment control
direction by the alignment film over the whole surface.
[0113] The magnitude of this tilt can be arbitrarily changed
by a ratio of the liquid crystal skeleton to an amount of liquid
crystal, and the alignment direction of the liquid crystal skel-
eton. Besides, at this time, since an attractive force toward the
alignment direction of the liquid crystal skeleton exists for the
liquid crystal molecules of the whole including the bulk, it
becomes possible to realize higher speed switching than a
state where atiltalignment is caused only in the vicinity of the
interface by rubbing or the like.

[0114] This function can also be realized to some degree by
high polymer molecules having no liquid crystal skeleton.
However, in order to fix the liquid crystal molecules uni-
formly in a panel without disturbing the alignment state of the
liquid crystal molecules and by an addition amount of several
wt 0, a material showing a liquid crystal property before
hardening is desirable. The material is easily mixed in a liquid
crystal as a host and can be uniformly distributed, and struc-
ture formation at the time of hardening hardly disturbs the
alignment of the liquid crystal molecules, so that an excellent
fixing state can be obtained.

[0115] The alignment fixing technique of liquid crystal
using such a high molecular material can also be applied to
other existing operation systems (operation modes) in addi-
tion to the MVA system. However, it has been found that
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operation modes in which a great effect can be obtained by
applying the alignment fixing technique in this embodiment
are limited.

[0116] FIG. 2 shows main improvement effects of respec-
tive operation modes by alignment fixing using a high
molecular material. As shown in FIG. 2, in the respective
modes of a TN type, an a-TN type, an ECB type and an IPS
type, the improvement effect of response speed at the time of
voltage application can be obtained by applying this embodi-
ment. However, in the TN type and the a-TN type, a drop in
optical rotatory power and a drop in contrast are caused.
[0117] Besides, in the TN type, the a-TN type, the ECB
type, and the IPS type, except for the a-TN type, it is neces-
sary to perform an alignment processing in any modes. The
alignment regulating power of the liquid crystal molecules by
this interface alignment processing is very high, and control-
lability of a tilt angle or the like is also very excellent. How-
ever, one step is added to panel manufacturing steps by this
interface alignment processing, and in addition, a polymer
structure formation process is added in order to realize align-
ment stabilization using the high molecular material of this
embodiment. Besides, in a horizontal alignment mode using
a nematic liquid crystal, especially in an operation mode in
which the time of a horizontal alignment is made black, a
slight disturbance of the alignment order of the liquid crystal
molecules or a change of a tilt greatly influences the display
quality. In view of the above, it is conceivable that even if this
embodiment is applied to the TN type, the ECB type, and the
IPS type, there are few merits.

[0118] Although the OCB mode has features that a high
speed response and a wide viewing angle can be obtained,
there is a defect that a high driving voltage is required to form
a bend alignment, and when the power supply is again
switched on after the power supply is cut, re-alignment must
be made. Since the alignment stabilization by the high
molecular material can fix the bend alignment, this defect can
be improved. However, for that purpose, it is necessary to add
the high molecular material at a high concentration, and as a
result, scattering of transmitted light occurs and transmit-
tance is lowered. Besides, the degree of freedom of liquid
crystal molecules in the space is lowered, and the response
speed is lowered.

[0119] In the FLC, although a high speed operation about
1000 times as fast as the nematic liquid crystal is possible,
since it has bistability, there is a defect that a halftone display
is difficult to produce. Besides, since a chevron layer con-
struction is adopted in a normally used SmC* layer, there is
also a problem that a zigzag alignment defect is apt to occur.
These can be improved by using the mutual action to the
liquid crystal skeleton in the high molecule. However, the tilt
angle is decreased by the mutual action, and a drop in
response speed is also caused. Besides, there also arises a
problem that a uniform alignment becomes difficult to obtain
in the FLC in which alignment control is difficult from the
first.

[0120] Differently from the operation modes described
above, in the vertical alignment type ASM and the MVA
mode, the tilt direction is regulated by an alignment regulat-
ing structural member locally provided on the surface of the
substrate. Thus, an interface alignment processing process
such as rubbing is unnecessary. Besides, a vertical alignment
is purely made from the interface to the bulk in the state of no
voltage application and a black display is produced. Thus, as
compared with the other horizontal modes such as the TN
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mode, even if the alignment order is disturbed by forming the
polymer structure according to this embodiment, a drop in
contrast by the change of refractive index anisotropy is very
low.

[0121] However, differently from the MVA mode, in the
ASM mode, when tilting occurs in the substrate surface direc-
tion in any divided display regions, a twisted alignment state
of about 90° is produced between upper and lower substrates.
Thus, differently from the MVA mode, similarly to the fore-
going TN mode, there is a problem that the twist state is
disturbed at the time of alignment stabilization. Accordingly,
there are many restrictions in the addition amount and the tilt
angle given to the bulk, and it is difficult to obtain the effect of
high molecule stabilization to the utmost. Besides, the twist
deformation occurs at the time of tilting, which prevents a
high-speed response.

[0122] From the above, when the alignment stabilization
technique by the photo-cured material is applied to the MVA
mode satisfying the following conditions, the maximum
effect can be first obtained.

[0123] 1. The tilt directions of all liquid crystal molecules
are regulated by an alignment regulating structural member
locally provided on the substrate surface, and the response
operation is performed by the propagation of the tilt of the
liquid crystal molecules; and

[0124] 2. they are formed of the nematic phase, there is no
twist deformation, and tilting simply occurs in the uniaxial
direction to the substrate surface direction.

[0125] Inthe case where the alignment regulating structural
member is a linear projection as in the MVA mode, the liquid
crystal molecules on the alignment regulating structural
member are tilted along the extending direction of the linear
projection. A place where the tilt directions of the liquid
crystal molecules on the projection are different by 180°
which is azimuth angle in the projection extending direction
becomes a singular point of the alignment. In the case where
the liquid crystal molecules in each domain are tilted in the
vertical direction to the extending direction of the alignment
regulating structural member, as shown in FIG. 75, if the
influence of the singular point is high, the alignment direction
of the display region is shifted in the extending direction of
the alignment regulating structural member. If the photo-
curing material is cured in such a state, the polymer structure
is formed to be superimposed on the disturbance of the align-
ment, the contrast is lowered and the roughness of a display
occurs.

[0126] Inorder to solvethis, first, the photo-curing material
is cured in such a way that the tilt angle of the liquid crystal
molecule on the alignment regulating structural member is
small, and the deformation occurring between the liquid crys-
tal molecule on the alignment regulating structural member
and the liquid crystal molecule of a space portion is made a
spray deformation shifted in a polar angle direction. That is,
when the tilt angle of the liquid crystal molecule on the
alignment regulating structural member is made 8,,,, which is
the tilt angle of the LC molecule from the vertical state, as
shown in FIG. 1B when the photo-curing material is cured in
the state satisfying 0°<0,,,<45°, an excellent alignment state
can be obtained.

[0127] Second, the tilt direction of the liquid crystal mol-
ecule on the alignment regulating structural member is
always made a constant direction and the generation of a
singular point is suppressed. That is, if a construction is such
that an angle between orientation angle directions at the time
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of tilting of liquid crystal molecules in regions divided by the
alignment regulating structural member as a boundary does
not become 180°, the alignment direction is regulated in one
direction stable in energy, and the generation of the singularly
point to disturb the alignment direction of the space portion is
suppressed. At this time, it is desirable that the angle between
the orientation angle directions at the time of tilting of the
liquid crystal molecules in the regions is 90° in view of
transmittance.

[0128] Third, it is appropriate that an auxiliary alignment
control factor to suppress the disturbance of the orientation
angle direction at the time of'tilting is added in addition to the
alignment regulating structural member for roughly regulat-
ing the tilt direction (propagation direction) of a display
region. In the conventional MVA system, for example, a
plurality of linear projections are arranged in parallel to one
another, and the liquid crystal molecules of a space portion
between the projections are tilted in the direction perpendicu-
lar to the extending direction of the projections by the propa-
gation of the tilt. Accordingly, a singular point is generated,
and the tilt state is propagated while the orientation angle in
the vicinity of the projection edge is shifted. Accordingly, if
the alignment control factor to regulate the orientation angle
in the direction perpendicular to the extending direction is
auxiliary provided in the space portion between the projec-
tions, an excellent alignment state can be obtained in the
display region without being influenced by the alignment
state on the alignment regulating structural member.

[0129] By using this embodiment, the propagation process
of the tilt of the liquid crystal molecules at the time of the
response operation is eliminated and the whole display region
can be simultaneously tilted. Besides, the response property
of the liquid crystal molecule with respect to an electric field
can also be improved. Especially, in the liquid crystal display
in which an alignment processing such as rubbing is not
performed to the alignment film and the total alignment of the
liquid crystal molecules at the time of voltage application is
regulated by the locally provided alignment regulating struc-
tural member, very high speed response characteristics can be
realized.

[0130] Hereinafter, specific examples will be described.
Example 1-1
[0131] Liquid crystal monoacrylate monomer UCL-001-

K1 of 2.5 wt % of Dainippon Ink Co., Ltd was added to liquid
crystal material A having a negative dielectric anisotropy, and
after being injected into an MVA cell, it was cured by ultra-
violet rays while a voltage of 5.0 V was applied. Here,
polyamic-acid material X was used as a vertical alignment
film, banks (projections) each having a height of 1.5 pm and
awidth of 10 um are alternately provided with resist LC-200
of Shipley Co., Ltd to make a space of 37.5 um, and a cell gap
was made 4.0 um. A driving mode is normally-black.

[0132] FIG. 3 shows measurement results of response
speed in this example. The horizontal axis indicates the trans-
mittance (%) obtained when a predetermined voltage is
applied from an applied voltage of 0 V, and the vertical axis
indicates the response speed (ms; millisecond). A polygonal
line a indicates a case where a photo-curing material is not
added in the liquid crystal, and a polygonal line {3 indicates a
case where the photo-curing material of 2.5 wt % is added as
mentioned above. As compared with the cell in which the
photo-curing material is not added, an improvement greatly
exceeding double is obtained. When transmittance in a dark
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state was measured by a luminance meter LCD-7000 of
Otsuka Denshi Co., Ltd., it was 0.017%, and the value almost
equal to the case where the photo-curing material was not
added was obtained.

Comparative Example 1-1

[0133] Liquid crystal monoacrylate monomer UCL-001-
K1 of 2.5 wt % of Dainippon Ink Co., Ltd was added to liquid
crystal material P having a positive dielectric anisotropy, and
after being injected into a TN liquid crystal cell, it was cured
by ultraviolet rays while a voltage of 5.0 V was applied. Here,
polyimide homogenous alignment film material 7 was used
for an alignment film, and a rubbing processing was per-
formed as an alignment processing to upper and lower sub-
strates. A driving mode is normally-white. A cell gap was
made 4.0 um. At this time, similarly to the example 1-1, when
transmittance in a dark state was measured by a luminance
meter LCD-7000 of Otsuka Denshi Co., Ltd., it was 0.41%,
that is, the transmittance twenty or more times as high as that
of the cell shown in the example 1-1 was observed. In order to
make the transmittance in the dark state 0.1% or less, it was
necessary to cause curing by application of about 2 V.

[0134] FIG. 4 shows measurement results of response
speed in this comparative example. The horizontal axis indi-
cates the applied voltage (V), and the vertical axis indicates
the response speed (ms). A polygonal line c indicates a case
where a photo-curing material is not added in the liquid
crystal, and a polygonal line f§ indicates a case where the
photo-curing material of 2.5 wt % is added as mentioned
above. An improvement in response speed was about 20 per-
cent, and was considerably low as compared with the example
1-1.

Example 1-2

[0135] Inthe MVA cell ofthe example 1-1, when the align-
ment state at the time of voltage application of 5.0 V was
observed, disturbance of alignment caused by singular points
generated on the alignment regulating structural members as
shown in FIG. 75 was observed in the space portion between
the alignment regulating structural members. When the
change of the alignment state with respect to the applied
voltage at the time of photo-curing was examined, an excel-
lent alignment was obtained till application of 3V, and the
disturbance of the alignment became noticeable from the time
of application of 3.5 V.

[0136] Next, the alignment film material was changed to a
polyamic-acid material whose vertical alignment ability is
much stronger than that of vertical alignment film material X.
and when a similar experiment was carried out, an excellent
alignment was obtained till application of 3.5 V.

[0137] FIG. 5 shows the relation between the tilt angle of
liquid crystal molecules on the alignment regulating struc-
tural members and the applied voltage before polymer for-
mation in these cells. The horizontal axis indicates the applied
voltage (V), and the vertical axis indicates the tilt angle (deg).
The tilt angle 6,5 of 90° is the value when the maximum
transmittance is got on the alignment regulating structural
member using vertical alignment film material X. In the
drawing, a polygonal line o indicates a case where the align-
ment film is made of vertical alignment film material X and a
polygonal line f indicates a case where the alignment film is
made of vertical alignment film material Y. As is apparent
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from FIG. 5, it has been confirmed that a boundary as to
whether or not the disturbance of alignment is produced is
about a tilt angle 6, of 45°.

Example 1-3

[0138] FIGS. 6A and 6B show a schematic construction of
an MVA cell according to the example. FIG. 6 A shows a state
where the cell is viewed against a substrate surface, and FIG.
6B shows a section taken along line A-A of FIG. 6A. The
MVA cell of this example has the construction in which
auxiliary alignment control factors 5 for suppressing the dis-
turbance of orientation angle direction at the time of tilting are
added in addition to alignment regulating structural members
4 and 6 for roughly regulating the tilt direction (propagation
direction) of a display region.

[0139] InFIGS.6A and 6B, aliquid crystal layer 3 is sealed
between two glass substrates 1 and 2 having a predetermined
cell gap and bonded opposite to each other. Transparent elec-
trodes (either of them is not shown) made of ITO are respec-
tively formed on the opposite surfaces of the two opposite
substrates 1 and 2. The plurality of alignment regulating
structural members 4 of linear projections arranged at a pitch
of 70 pum in parallel with each other are formed on the trans-
parent electrode of the substrate 1. On the other hand, the
plurality of alignment regulating structural members 6 of
linear projections arranged at the same pitch as the alignment
regulating structural members 4 and shifted from the align-
ment regulating structural members 4 by a half pitch are
formed on the transparent electrode of the substrate 2. The
width of each of the alignment regulating structural members
4 and 6 is 10 um and the height thereofis 1.5 pm.

[0140] In space portions between the alignment regulating
structural members 4, the alignment control factors 5 each
having a height of 0.3 um are extended at a pitch of 8 pm
between the adjacent alignment regulating structural mem-
bers 4. Liquid crystal monoacrylate monomer mixed liquid
crystal similar to the example 1-1 was inserted in the liquid
crystal layer 3, and was cured by ultraviolet rays while a
voltage of 5.0V was applied. Vertical alignment film material
X is used for the not-shown alignment films, and resist
LC-200 of Shipley Co., Ltd. is used for the formation material
ofall the alignment regulating structural members 4 and 6 and
the alignment control factors 5. A cell gap is 4.0 pm.

[0141] Similarly to the example 1-1, although curing was
carried out in the state where singular points were generated
on the main alignment regulating structural members 4 and 6
of 1.5 um, the alignment disturbance of the display region as
shown in FIG. 75 was not produced. Incidentally, the tilt
directions of the liquid crystal molecules in the space portions
between the alignment regulating structural members 4 and 6
were the same as the example 1-1.

Example 1-4

[0142] FIG. 7 shows a state in which a schematic construc-
tion of an MVA cell according to this example is viewed
against a substrate surface. In FIG. 7, a liquid crystal layer 3
(not shown) is sealed between two glass substrates 1 and 2
having a predetermined cell gap and bonded opposite to each
other. Transparent electrodes made of ITO are respectively
formed on opposite surfaces of the two opposite substrates 1
and 2. For example, slit portions 8 and 9 formed by partially
removing electrode material are provided on the transparent
electrode 7 at the side of the substrate 1. The cruciform slit
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portion 8 having a width of 5 pm and connecting the center
points of respective opposite sides of a rectangular cell func-
tions as an alignment regulating structural member 4. The
plurality of slit portions 9 extending from the slit portion 8 in
an oblique direction of 45° and having a width of 3 pm are
formed at a pitch of 8 um, and these function as auxiliary
alignment control factors to suppress the disturbance of the
orientation angle direction at the time of tilting.

[0143] A cell was formed in which this substrate 1 and the
substrate 2 having I'TO formed on almost all the surfaces were
bonded to each other, and liquid crystal monoacrylate mono-
mer mixed liquid crystal similar to the example 1-1 was
sealed, and was cured by ultraviolet rays while a voltage of
5.0V was applied. Vertical alignment film material X is used
for the alignment film. The cell gap is 4.0 pm.

[0144] Theliquid crystal molecules of the space portions at
the time of voltage application are tilted in the directions
parallel to the extending directions of the thin slit portions 9,
and four domains are formed by the thick slit portion 8 as the
boundary. At this time, one singular point was merely formed
at the center portion of the cruciform shape on the slit portion
8, and a singular point was not observed at other places. After
curing by ultraviolet rays, the disturbance of alignment as
shown in FIG. 75 was not produced.

[0145] By using this example, very high-speed response
characteristics in all gradations can be realized while an
excellent alignment state is kept.

Second Embodiment

[0146] Next, a liquid crystal display according to a second
embodiment of the present invention will be described with
reference to FIGS. 8A to 18. This embodiment relates to a
liquid crystal display in which liquid crystal molecules are
tilted in a direction of 0° or 45° with respect to the extending
direction of an alignment regulating structural member such
as a projecting structural member or a slit portion of a trans-
parent electrode, and alignment of the liquid crystal mol-
ecules is regulated by a liquid crystal skeleton by photo-
curing or heat-curing or a non-liquid crystal skeleton.

[0147] As a vertical alignment type LCD, although an
MVA-LCD using an alignment regulating construction is put
to practical use, there is a problem that light transmittance is
lowered by the disturbance of the alignment of liquid crystal
molecules around the projecting structural member. In order
to solve this defect, a singular point control type liquid crystal
display is proposed in a patent application (Japanese Patent
Application No. 2000-60200) filed with Japanese Patent
Office. A singular point control portion is formed to control
the position of a singular point of liquid crystal, so that the
alignment disturbance of the liquid crystal molecules is sup-
pressed, and a drop in light transmittance is suppressed. As an
example, a singular point control portion such as a cruciform
projection or an electrode slit portion is proposed. Besides, as
another method for improving the light transmittance, a
method is proposed in which a minute slit portion is formed
on a transparent electrode, and liquid crystal molecules are
tilted parallel to the slit portion to prevent alignment distur-
bance, so that the drop in the light transmittance is prevented.
[0148] However, according to the above cruciform projec-
tion or the electrode slit portion, or the minute projection or
the minute electrode slit portion, there is a case in which there
arises a problem that the response time becomes very slow
though the luminance is improved as compared with the
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general MVA-LCD. The reason why the response time
becomes slow will be described below.

[0149] FIGS. 8A to 13D show alignment states of liquid
crystal molecules with respect to alignment regulating struc-
tural members or singular point control portions. FIGS. 8A,
8C, 9A, 9C, 10A, 10C, 11A, 11C, 12A, 12C, 13A and 13C
show states of liquid crystal molecules 10 sealed between two
substrates 1 and 2 arranged opposite to each other, in section
taken in a direction of a normal of a substrate surface. FIGS.
8B, 8D, 9B, 9D, 10B, 10D, 11B, 11D, 12B, 12D, 13B and
13D show the states of the liquid crystal molecules 10 viewed
in the direction of the normal of the substrate surface. FIGS.
8A, 8B, 9A, 9B, 10A, 10B, 11A, 11B, 12A, 12B, 13A and
13B show states of no voltage application in which a potential
difference between transparent electrodes 11 and 12 formed
on opposite surfaces of the substrates 1 and 2 is zero, and
FIGS. 8C, 8D, 9C, 9D, 10C, 10D, 11C, 11D, 12C, 12D, 13C
and 13D show states of voltage application.

[0150] First,in FIGS. 8A to 8D, aslit portion 8 is formed on
the transparent electrode 12. When a voltage is applied
between the electrodes 11 and 12, the liquid crystal molecules
10 in the vicinity of the slit portion 8 start to tilt, and the tilt of
the liquid crystal molecules 10 is spread over the whole (see
FIG. 8C). As shown in FIG. 8D, the orientation of the tilt is
substantially orthogonal to the extending direction of the slit
portion 8.

[0151] Similarly, in FIGS. 9A to 9D, an alignment regulat-
ing structural member 4 of a linear projection is formed onthe
transparent electrode 12. When a voltage is applied between
the electrodes 11 and 12, theliquid crystal molecules 10 inthe
vicinity of the structural member 4 start to tilt, and the tilt of
the liquid crystal molecules 10 spreads over the whole (see
FIG. 9C). As shown in FIG. 9D, the orientation of the tilt is
substantially orthogonal to the extending direction of the
structural member 4.

[0152] Incruciform projections or slit portions for control-
ling the alignment disturbance or the minute electrode slit
portions, since a distance between the adjacent projections or
slit portions is short, tilted liquid crystal molecules collide
with each other, and the tilt direction of the liquid crystal
molecule is changed. For example, in FIGS. 10A to 10D, aslit
portion 8 is formed on the transparent electrode 12. A slit
portion 8 orthogonal to the slit portion 8 is formed on the
transparent electrode 11. When a voltage is applied between
the electrodes 11 and 12, theliquid crystal molecules 10 in the
vicinity of the slit portions 8 and 8' start to tilt, and the tilt of
the liquid crystal molecules 10 spreads over the whole (see
FIG. 10C). As shown in FIG. 10D, the orientation of the tilt of
the liquid crystal molecules 10 becomes a direction of 45°
with respect to the extending directions of the slit portions 8
and 8'. Since a time is required for the change of the tilt
direction, the response time becomes extremely slow.

[0153] Similarly, in FIGS. 11A to 11D, a structural member
4 of a linear projection is formed on the transparent electrode
12. A structural member 4' of a linear projection orthogonal to
the structural member 4 is formed on the transparent elec-
trode 11. When a voltage is applied between the electrodes 11
and 12, the liquid crystal molecules 10 in the vicinity of the
slit portions 8 and 8' start to tilt, and the tilt of the liquid crystal
molecules 10 spreads over the whole (see FIG. 11C). As
shown in FIG. 11D, the orientation of the tilt of the liquid
crystal molecules 10 becomes a direction of 45° with respect
to the extending directions of the structural members 4 and 4'.
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Since a time is required for the change of this tilt direction, the
response time becomes extremely slow.

[0154] In FIGS. 12A to 12D, minute slit portions 9 are
formed on the transparent electrode 12. When a voltage is
applied between the electrodes 11 and 12, the liquid crystal
molecules 10 in the vicinity of the slit portion 9 start to tilt,
and the tilt of the liquid crystal molecules 10 spreads over the
whole. As shown in FIGS. 12C and 12D, the orientation of the
tilt becomes parallel to the extending direction of the slit
portions 9. Since a time is required for the change of the tilt
direction, the response time becomes extremely slow.

[0155] Similarly, in FIGS. 13A to 13D, alignment control
factors § of minute linear projections are formed in the trans-
parent electrode 12. When a voltage is applied between the
electrodes 11 and 12, the liquid crystal molecules 10 in the
vicinity of the alignment control factors 5 start to tilt, and the
tilt of the liquid crystal molecules 10 spreads over the whole
(see FIG. 13C). As shown in FIG. 13D, the orientation of the
tilt becomes parallel to the extending direction of the align-
ment control factors 5. Since a time is required for the change
of the tilt direction, the response time becomes extremely
slow.

[0156] Besides, there is a case where the minute slit por-
tions 9 or the alignment control factors 5 directed toward two
different directions are provided in each pixel in order to
realize a wide viewing angle. In this case, since a time is
required for the liquid crystal molecules to be stably aligned
at the boundaries of regions of the minute slit portions 9 or the
alignment control factors 5 having different directions, the
response time becomes extremely slow.

[0157] Against the above problems, in this embodiment, a
photo-curing or thermosetting component is mixed in a liquid
crystal composition and is injected into a liquid crystal panel,
and light or heat is applied under application of a definite
voltage, so that a three-dimensional construction is formed of
the cured material of the photo-curing or thermosetting com-
ponent in the liquid crystal.

[0158] In the MVA-LCD, except for the vicinity of the
projection or electrode slit portion, the liquid crystal mol-
ecules are aligned vertically. Accordingly, at the instant when
the applied voltage is changed, the falling direction of the
liquid crystal molecules is not determined, and they can not
fall down in any directions. On the other hand, when the
projection or the electrode slit portion is provided, at the
voltage application, the liquid crystal molecules in the vicin-
ity start to tilt in the direction perpendicular to the extending
direction of'the projection or the electrode slit portion, and the
tilt is successively propagated to the adjacent liquid crystal
molecule to tilt the liquid crystal molecules in the domain in
the same direction.

[0159] FIGS. 14A and 14B show a state in which a liquid
crystal panel including a cruciform projection structural
member 4 formed on one substrate 11is viewed in the direction
of a normal of a substrate surface. FIG. 14A shows a state of
the liquid crystal molecules 10 after voltage application
immediately. Although liquid crystal molecules 10 in the
vicinity of the structural member 4 start to tilt (hereinafter,
called a propagation process) in the direction orthogonal to
the extending direction of the structural member 4, since the
tilt of the liquid crystal molecules 10 is propagated from two
directions different from each other by 90°, eventually, as
shown in FIG. 14B, the liquid crystal molecules are tilted
(hereinafter, called are-tilting process) in the direction of 45°
with respect to the extending direction of the structural mem-

Jan. 30,2014

ber 4. Since a time is required for the change of this tilt
direction, the response time becomes extremely slow.

[0160] As described above with reference to FIGS. 8A to
14B, since all the liquid crystal molecules 10 do not respond
to the application of electric field to the liquid crystal with the
minimum movement toward the final orientation, the
response speed becomes slow. Then, the liquid crystal mol-
ecules 10 are previously slanted in the direction of an align-
ment after voltage application to such a degree that the con-
trast is not lowered. By this, the propagation process and the
re-tilting process are eliminated, and all the liquid crystal
molecules 10 are moved to the final alignment after the volt-
age application, so that the response time can be made short.
Incidentally, in order to obtain a sufficient contrast, it is desir-
able that this tilt angle is 85° or higher when measured from
the surfaces of the substrates 1 and 2.

[0161] As a method of previously tilting the liquid crystal
molecules 10, a photo-curing or thermosetting monomer is
added to liquid crystal, and a cured material is formed by
polymerization of the monomer. A photo-curing or thermo-
setting liquid crystal of 0.1 wt % (weight percent) to 3 wt %
oranon-liquid crystal resin component is previously mixed in
the liquid crystal, and is injected into a liquid crystal panel,
and light or heat is applied to the liquid crystal panel while a
definite voltage is applied, so that the resin component is
cured. Since the liquid crystal molecules 10 in the vicinity of
the liquid crystal resin memorize the state where the voltage
is applied, the response time can be improved as described
above.

[0162] In the case of the minute electrode slit portions 9,
although the propagation process hardly exists, at the bound-
aries of the slit portions 9 directed toward the different direc-
tions, the liquid crystal molecules 10 immediately after the
voltage application can be tilted in two directions, so that the
alignment of liquid crystal is disturbed. Although they are
finally fixed in one direction, this re-arrangement prolongs
the response time. If the liquid crystal molecules 10 are pre-
viously tilted in the direction of the final state of the liquid
crystal alignment by the photo-curing or thermosetting liquid
crystal resin, the alignment disturbance of the liquid crystal
molecules 10 immediately after the voltage application is
prevented and the response can be improved.

[0163] Hereinafter, specific examples will be described.
Example 2-1
[0164] AnXGAliquidcrystal panel of asize of 15 inches in

diagonal was made on an experimental basis. FIG. 15 shows
a state in which three pixels of the liquid crystal panel are
viewed in the direction of a normal of a substrate surface. For
example, a not-shown TFT and a transparent electrode (pixel
electrode) 7 are formed at a side of a substrate 1, and lattice-
like projection structural members 4 arranged at a predeter-
mined pitch are formed on the pixel electrode 7. A light
shielding film 13, a not-shown color filter, and an opposite
electrode are formed on the side of an opposite substrate 2.
Besides, lattice-like projection structural members 6 having
the same pitch as the lattice projection structural members 4
and shifted by a half pitch from the lattice projection struc-
tural members 4 are formed on the opposite electrode.

[0165] Vertical alignment film material X is used for a
not-shown alignment film. The structural members 4 and 6
are formed of resist LC-200 of Shipley Co., Ltd. As liquid
crystal, liquid crystal acrylate monomer UCL-001 of Dain-
ippon Ink Co., Ltd. was added into liquid crystal material A
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having a negative dielectric anisotropy, and after injection,
ultraviolet rays were irradiated while a voltage was applied.
[0166] On the other hand, as a comparative example, a
liquid crystal panel in which a photo-curing or thermosetting
component was not added into liquid crystal was made on an
experimental basis. FIG. 16 is a graph in which the liquid
crystal panel of this example and the liquid crystal panel of
the comparative example are compared with each other. The
horizontal axis indicates the transmittance, and the vertical
axis indicates the response time (ms). A solid line in the
drawing indicates the liquid crystal panel of this example, and
a broken line indicates the liquid crystal panel of the com-
parative example. As is apparent from FIG. 16, according to
this example, a short response time is obtained in the range of
all transmittance, and the response characteristics have been
remarkably improved.

Example 2-2

[0167] AnXGAliquid crystal panel of asize of 15inches in
diagonal was made on an experimental basis. FIG. 17 shows
a state in which three pixels of the liquid crystal panel are
viewed in the direction of a normal of a substrate surface. For
example, a not-shown TFT and a transparent electrode (pixel
electrode) 7 are formed at the side of a substrate 1, and minute
slit portions 9 as shown in the drawing are formed on the pixel
electrode 7. Alight shielding film 13, a not-shown color filter
and an opposite electrode are formed at the side of an opposite
substrate 2.

[0168] Vertical alignment film material X was used for
not-shown alignment films. As liquid crystal, liquid crystal
acrylate monomer UCL-001 of Dainippon Ink Co., Ltd. was
added into liquid crystal material A having a negative dielec-
tric anisotropy, and after injection, ultraviclet rays were irra-
diated while a voltage was applied.

[0169] On the other hand, as a comparative example, a
liquid crystal panel in which a photo-curing or thermosetting
component was not added into liquid crystal was made on an
experimental basis. FIG. 18 is a graph in which the liquid
crystal panel of this example and the liquid crystal panel of
the comparative example are compared with each other. The
horizontal axis indicates the transmittance, and the vertical
axis indicates the response time (ms). A solid line in the
drawing indicates the liquid crystal panel of this example, and
a broken line indicates the liquid crystal panel of the com-
parative example. As is apparent from FIG. 18, according to
this example, a short response time is obtained in the range of
all transmittance, and the response characteristics have been
remarkably improved.

Third Embodiment

[0170] A liquid crystal display according to a third embodi-
ment of the present invention will be described with reference
to FIGS. 19 to 22. In order to improve the drop in the light
transmittance caused by the alignment disturbance of liquid
crystal molecules in the vicinity of the projection structural
members of the MVA-LCD already described in the prior art,
and the low response speed caused by the slowness of the
regulation of the tilt direction of liquid crystal molecules
propagated from the projection structural members at the
time of voltage application, the method has been described in
the first and second embodiments in which the polymer struc-
ture is formed in the liquid crystal and is solidified in the state
of voltage application to previously regulate the tilt direction
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of the liquid crystal, so that the alignment disturbance is
prevented and speed-up is realized.

[0171] Inorderto prevent the alignment disturbance and to
realize the high-speed response by the methods according to
the first and second embodiments, it is necessary to decrease
the tilt angle (an average pre-tilt angle; an average value of
pre-tilt angles of liquid crystal molecules arranged in the
direction of a normal of a substrate; incidentally, the pre-tilt
angle is an angle measured toward the normal of the substrate
from the substrate surface) of liquid crystal molecules after
solidification. However, if the average pre-tilt angle is
decreased, the black luminance is raised even at the time of no
voltage application, and the high contrast, which is one of the
greatest features of the MVA-LCD, can not be realized.

[0172] Then, in this embodiment, at the time of formation
of the polymer structure by the cured material, masking is
performed on the liquid crystal panel, so that only the neces-
sary portion is partially made a low pre-tilt region of a small
pre-tilt angle and is solidified, and the remaining region is
made to remain vertically aligned.

[0173] When only a portion where the alignment distur-
bance occurs, a portion on the projection structural member,
or a portion on a bus line electrode is solidified in the state of
voltage application, the alignment disturbance of the liquid
crystal can be prevented, and the propagation of the tilt direc-
tion of the liquid crystal molecules can be made smooth.
Besides, since the ratio of the low pre-tilt region to the whole
area of the cell is small, and almost all the regions are formed
in the light shielding region, the drop in the contrast does not
occur.

[0174] If the low pre-tilt regions are formed at constant
intervals, the alignment regulating force by the region is
propagated to the remaining high pre-tilt region as well, and
the movement of the liquid crystal molecules of the high
pre-tilt region at the time of voltage application can also be
made smooth. By this, the prevention of the alignment dis-
turbance ofthe liquid crystal and the speed-up of the response
speed can be realized while the high contrast is held.

[0175]

[0176] FIG. 19 is a sectional view showing the liquid crys-
tal panel construction according to this embodiment. Trans-
parent electrodes 11 and 12 are formed on opposite surfaces
of opposite substrates 1 and 2 having a predetermined cell gap
and arranged opposite to each other. A liquid crystal is sealed
between the transparent electrodes 11 and 12. A plurality of
slit portions 8 (only one is shown in the drawing) are formed
on the transparent electrode 12 at a predetermined pitch. A
plurality of alignment regulating structural members 4 of
linear projections are formed on the transparent electrode 11
at the same pitch as the slit portion 8 and are shifted from the
slit portions 8 by a half pitch.

[0177] The vicinities of the alignment regulating structural
members 4 and the slit portions 8 become low pre-tilt regions
14 by the formation of the polymer structure with cured
material, and the remaining regions become high pre-tilt
regions 15 in which liquid crystal molecules 10 keep the
substantially vertical alignment. As stated above, if the liquid
crystal molecules 10 are slightly tilted in the low pre-tilt
regions 14 even at the time of no voltage application, since the
tilt direction of the liquid crystal molecules 10 immediately
after the voltage application is previously determined, the
propagation of thetiltis fast, and the alignment disturbance of
the liquid crystal molecules does not occur.

Hereinafter, specific examples will be described.
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[0178] Next, a manufacturing method of the low pre-tilt
regions 14 and the high pre-tilt regions 15 in the liquid crystal
panel construction shown in FIG. 19 will be described by use
of FIGS. 20A to 20D. FIG. 20A shows a partial plane of a
mask M used when ultraviolet light (UV light) is irradiated to
a liquid crystal panel. An opening O is provided at a prede-
termined position of the mask M. FIG. 20B shows a state in
which UV light is irradiated to a liquid crystal panel P by
using the mask M.

[0179] Inthe liquid crystal panel P, as a photo-curing resin,
liquid crystal acrylate monomer UCL-001 of 1 wt % of Dain-
ippon Ink Co., Ltd. is added into the host liquid crystal. A
voltage of, for example, 6 V was applied between electrodes
at both sides of the liquid crystal of the liquid crystal panel P,
and UV irradiation was carried out through the positioned
mask M. UV light is irradiated to a predetermined position of
the liquid crystal panel P through the opening O of the mask
M. By this, the low pre-tilt region 14 is formed at the prede-
termined position.

[0180] Next, after the electrodes at both the sides of the
liquid crystal are short-circuited, as shown in FIG. 20C, UV
irradiation is carried out to the whole surface. By this, as
shown in FIG. 20D, the high pre-tilt regions 15 are formed at
positions other than the low pre-tilt region 14.

[0181] FIG. 21 shows another example of the liquid crystal
panel construction according to this embodiment, and shows
a state in which two adjacent liquid crystal cells are viewed
against a substrate surface. For example, a not-shown TFT
and a pixel electrode 7 are formed at a side of a substrate 1. A
light shielding film 13, a not-shown color filter and an oppo-
site electrode are formed at a side of an opposite substrate 2.
A liquid crystal containing a photo-curing resin is sealed
between the substrates 1 and 2.

[0182] In a not-shown photomask M used when a photo-
curing material is solidified by UV light, an opening O is
formed into a stripe shape. By irradiating the liquid crystal
cell with UV using this mask M, as shown in FIG. 21, low
pre-tilt regions 14 each having a relatively thin width and
extending obliquely with respect to the end side of the pixel
electrode 7 are formed. High pre-tilt regions 15 are formed
between the low pre-tilt regions 14.

[0183] The liquid crystal molecule of the high pre-tilt
region 15 has a pre-tilt angle of 89°. The liquid crystal mol-
ecule of the low pre-tilt region 14 has a pre-tilt angle of 85° by
UV irradiation in a state in which a voltage of 5V is applied
to the liquid crystal. By adopting this construction, if a volt-
age is applied between the pixel electrode 7 and the not-
shown opposite electrode, since the liquid crystal molecules
of the high pre-tilt region 15 are smoothly moved in the
direction previously regulated in the low pre-tilt region 14, a
high speed operation becomes possible, and the alignment
disturbance of the liquid crystal due to the irregularities of the
structural members in the pixel, horizontal electric field and
the like are reduced. Incidentally, it is desirable that the aver-
age pre-tiltangle in the high pre-tilt region 15 is 88° or higher,
and it is desirable that the average pre-tilt angle in the low
pre-tilt region 14 is from 45° to 88°.

[0184] In the conventional MVA-LCD, in the gradation
change from black to a dark halftone, the amount of change of
applied voltage is low, and the change of electric field in the
liquid crystal is small, so that the propagation speed of the tilt
of the liquid crystal molecules becomes low. According to
this embodiment, it is expected that the effect of improving
the drop of the propagation speed can also be obtained. Since
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the threshold voltage is lowered in the low pre-tilt regions 14,
the pre-tilt regions 14 first respond at the time of low voltage
application. Since the area rate of the low pre-tilt regions 14 is
low, even if the low pre-tilt regions 14 become bright to some
degree, the whole luminance remains low. That is, although
the whole has a low luminance state, the low pre-tilt regions
14 make a high-speed response, and have a high luminance to
some degree. As stated above, since the response of the low
pre-tilt regions 14 becomes the response of the whole cell, the
high-speed response can be made even at a low gradation.
Incidentally, it is desirable that the area of the high pre-tilt
regions 15 having the average pre-tilt angle of 88° or higher is
20% or more of the whole cell.

[0185] FIG. 22 shows still another example and a compara-
tive example of the liquid crystal panel construction accord-
ing to this embodiment, and shows a state in which two pixels
ofaliquid crystal panel are viewed in the direction of'a normal
of a substrate surface. For example, a not-shown TFT and a
pixel electrode 7 are formed at a side of a substrate 1, and
lattice-like projection structural members 4 arranged at a
predetermined pitch are formed on the pixel electrode 7. A
light shielding film 13, a not-shown color filter and an oppo-
site electrode are formed at a side of an opposite substrate 2.
Besides, lattice-like projection structural members 6 having
the same pitch as the lattice-like projection structural mem-
bers 4 and shifted by a half pitch from the lattice-like projec-
tion structural members 4 are formed on the opposite elec-
trode.

[0186] For comparison, a cell of this embodiment was fab-
ricated at the left side in the drawing, and a cell of a conven-
tional construction was fabricated at the right side. First, in
the cell of the conventional construction at the right side,
liquid crystal molecules are vertically aligned at the time of
no voltage application. In the state of voltage application, the
liquid crystal molecules are urged to be aligned vertically to
the projection walls of the lattice projection structural mem-
bers 4, and are soon changed in the direction of 45° with
respect to thelattice. Thus, the construction having the lattice-
like projection structural members 4 and 6 has a very slow
response speed, and the alignment disturbance of the liquid
crystal is apt to occur.

[0187] On the other hand, the cell at the left side improves
the problem, and low pre-tilt regions 14 are formed around the
lattice-like projection structural members 4 and 6. That is, the
low pre-tilt region 14 is formed at the surrounding portion of
each of regions surrounded by the lattice-like projection
structural members 4 and 6, and surrounds a high pre-tilt
region 15. Then, liquid crystal molecules 10 of the low pre-tilt
region are aligned and tilted at an orientation of 45° with
respect to the extending direction of the lattice. By this, at the
time of voltage application, since the liquid crystal molecules
10 of the whole surface are smoothly tilted in the direction of
45°, a high-speed response becomes possible, and the align-
ment disturbance of the liquid crystal molecules is prevented.
Besides, since the liquid crystal molecules 10 tilted at the time
of no voltage application are only those in the vicinity of the
lattice-like projection structural members 4 and 6, the drop in
the contrast is also greatly reduced.

[0188] Notonly the low pre-tilt regions 14 are formed to be
divided like a stripe shape or a lattice shape as described
above, but also they may be formed so that a high pre-tilt
region (forexample, an average pre-tilt angle is 88° or higher)
is dotted with low pre-tilt regions.
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[0189] Besides, the low pre-tilt regions 14 may be naturally
formed to be restricted to the structural members 4 and 6, such
as the linear projections or projection lattices, and their vicini-
ties, or to the slit portions 8 and 9 and their vicinities.
[0190] Besides, although not shown, the low pre-tilt
regions 14 may be naturally formed on a gate bus line, a data
bus line, or an auxiliary capacitance bus line formed on the
liquid crystal panel.

[0191] Besides, the photomask M is divided into a plurality
of regions having a plurality of transmission coefficients, and
by performing mask exposure for a predetermined time in a
state where a predetermined voltage is applied to the whole
surface of the liquid crystal panel P, a plurality of regions
having a plurality of average pre-tilt angles may be naturally
obtained at the same time.

[0192] Besides, it is desirable that the concentration of the
photo-curing monomer contained in the liquid crystal com-
position is 0.3 wt % to 3 wt %.

Fourth Embodiment

[0193] Next, a liquid crystal display according to a fourth
embodiment of the present invention will be described with
reference to FIGS. 23 to 34. In the MVA-LCD, by the exist-
ence of the alignment regulating structural members for real-
izing alignment division, when a voltage is applied to the
liquid crystal cell, a plurality of unidirectional alignment
regions (domains) are formed. Since the liquid crystal orien-
tation is different in every domain, a continuous transition in
the liquid crystal direction occurs at the boundary portion
(domain wall). In the case where there is a transition (in-plane
transition) in which the liquid crystal orientation is rotated in
the substrate in-plane direction, in a minute region coincident
with a polarization axis of one of polarizing plates arranged at
upper and lower substrates in the relation of crossed Nicols,
since incident light is not subjected to birefringence, it
becomes a dark display. Besides, in the in-plane transition,
since the liquid crystal orientation in the domain and the
liquid crystal orientation of the domain wall are different
from each other, a deviation (hereinafter called a ¢ deviation
in this embodiment) from an ideal orientation occurs in the
liquid crystal orientation in the domain, and the loss of trans-
miftance occurs.

[0194] FIG. 23 shows a schematic sectional construction of
a conventional MVA-LCD. FIG. 23 shows a state in which
electrodes 11 and 12 are formed on opposite surfaces of
opposite substrates 1 and 2, and a liquid crystal layer made of
a large number of liquid crystal molecules 10 is formed
between the electrodes 11 and 12. Two polarizing plates (not
shown) are arranged in crossed Nicols at the outside of each
of the substrates 1 and 2. As an alignment regulating struc-
tural member, a linear projection 4 having, for example, a
width d=10 um and a height dh=1.2 pm is formed on the
substrate 12.

[0195] According to this construction, although two
domains in which the liquid crystal orientations are different
from each other by 180° are formed at both sides of the linear
projection 4, as shown in the drawing, the in-plane transition
occurs at the domain wall, and there are liquid crystal mol-
ecules 10a and 105 each having an orientation angle (angle of
amajor axis of a liquid crystal molecule when viewed against
a substrate surface) of 45°. The extending direction of the
linear projection 4 (in the drawing, the vertical direction to the
paper plane) is made a standard, and in the case where polar-
izing plates are arranged at the orientation of 45° in crossed
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Nicols, since birefringence does not occur in the vicinities of
the liquid crystal molecules 10a and 105, a dark display is
produced, and two dark lines are generally produced at both
sides of the linear projection 4 in the extending direction.
Besides, the orientation angle of a liquid crystal molecule 104
in the domain is different from the orientation angle of a
liquid crystal molecule 10¢ of the domain wall by 90°, the ¢
deviation occurs in the whole domain and the transmission
loss occurs. As stated above, in the conventional structural
member, the two dark lines and the drop in the transmittance
due to the existence of the ¢ deviation are great factors to
prevent the realization of high luminance.

[0196] With respect to the response speed, the MVA-LCD
has excellent characteristics. However, there is only one prob-
lem that the response of a halftone is slow. Since the region for
regulating the alignment direction is only on the alignment
regulating structural member, the propagation of the liquid
crystal tilt occurs over the whole domain. The propagation
speed depends on the magnitude of the gradient of an electric
field generated on the alignment regulating structural mem-
ber. Thus, at a halftone, since the electric field gradient on the
alignment regulating object is gentle, the propagation speed is
low, and eventually, the response speed becomes slow.
[0197] Besides, the ¢ deviation in the domain has an influ-
ence on the response speed as well. By the liquid crystal
molecules (for example, the liquid crystal molecules 10¢ to
10a or 10¢ to 105 of FIG. 23) tilted in the extending direction
of the alignment regulating structural member of the domain
wall, the deviation occurs in the orientation angle of the liquid
crystal molecules 10 of the domain. In the response process,
at the point when all the liquid crystal molecules 10 are tilted,
since a domain having an arbitrary deviation is produced and
is mixed, there occurs a process in which a stable domain
group is formed. As a result, in addition to a time in which all
the liquid crystal molecules 10 are tilted, it becomes neces-
sary to take a time in which the inside of the domain is fixed,
so that the response becomes slow. Especially, the response
from full black to full white accompanying an abrupt change
tends to generate a temporary ¢ deviation.

[0198] FIG. 24 shows another example of the sectional
construction of the conventional MVA-LCD. The construc-
tion is the same as the construction shown in FIG. 23 except
that instead of the linear projection 4 formed on the electrode
12 shown in FIG. 23, a slit portion 8 formed by removing a
electrode material of an electrode 12 is provided as an align-
ment regulating structural member. The slit portion 8 func-
tions similarly to the linear structural member 4, and the
MVA-LCD shownin FIG. 24 also has a problem that two dark
lines and a ¢ deviation are produced similarly to the forego-
ing.

[0199] In this embodiment, by using an alignment regulat-
ing structural member which is effective in narrowing of the
dark lines and in lowering or avoidance of the ¢ deviation, and
makes an electric field gradient by an alignment regulating
structural member steeper, the high luminance and high speed
response of an MVA-LCD are realized.

[0200] Hereinafter, specific examples will be described.
Example 4-1

[0201] FIGS. 25 to 30 show examples of this embodiment.

[0202] An MVA-LCD shown in FIG. 25 is the same as the

construction shown in FIG. 23 except that an alignment regu-
lating structural member is made a linear projection 16
instead of the linear projection 4. The linear projection 16 has
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a plurality of minute irregular portions in the vicinity of the
apex in the extending direction. The sectional shape of the
linear projection 16 is a two-peak shape in which the upper
center of a bank shape having a width d=10 pm and a height
dh=2 pum is recessed. The distance d1 between two peaks is
d1=3 pm, and the height d2 from the lower portion to the
valley portion of the two peaks is d2=1 um.

[0203] An MVA-LCD shown in FIG. 26 has the same con-
struction as that shown in FIG. 24 except that an alignment
regulating structural member is made a slit portion 17 instead
of the slit portion 8. The slit portion 17 includes a fine stripe-
like electrode 18 along the extending direction. The stripe-
like electrode 18 is formed to have a width d3=2.5 pm at the
center of the slit portion having a width d=10 um.

[0204] The linear projections 16 were formed at a pitch of
70 um on the electrode 12 of the substrate 2, and a not-shown
alignment film was formed to a thickness of 0.05 um on the
whole surface. On the other hand, the slit portions 17 having
the strip electrodes 18 were formed at a pitch of 70 um on the
electrode 11 of the substrate 1, and a not-shown alignment
film was formed to a thickness of 0.05 um on the whole
surface.

[0205] Next, after the upper and lower substrates 1 and 2
were bonded so that the linear projections 16 and the slit
portions 17 were arranged to be alternately shifted from each
other by a half pitch, liquid crystal was injected, so that an
MVA cell having a cell gap of 4.0 um was prepared. The
positive resist (S1808; made by Shipley Far East Co., Ltd.),
vertical alignment film material X, and liquid crystal material
A having a negative dielectric anisotropy were used for the
linear projection 16, the alignment film, and the liquid crystal
molecule 10, respectively.

[0206] As a comparative example, an MVA cell was pre-
pared in which the linear projections 4 shown in FIG. 23 were
formed at a predetermined pitch at the side of the substrate 1,
and the slit portions 8 shown in FIG. 24 were formed at the
side of the substrate 2 to be shifted from the linear projections
4 by a half pitch. The conventional MVA cell is fabricated
under the same conditions as the MVA cell of this example
except for the sectional shapes of the linear projection and the
slit portion.

[0207] FIGS.27 and 28 schematically show a section of the
MVA cell according to this example. In the drawings, the
illustration of the upper and lower substrates are omitted. The
linear projection 16 is arranged on the electrode 12 at the left
side of FIG. 27, and the slit portion 17 is arranged at the right
side. FIG. 28 shows a voltage distribution with equi-potential
lines obtained when a predetermined voltage is applied
between both the electrodes 11 and 12 in the construction of
FIG. 27. As is apparent from the drawing, the equi-potential
line over the upper portion of the linear projection 16 is
changed so that it has the maximum value at the center and the
minimum values at the right and left thereof. Similarly, the
equi-potential line below the lower portion of the slit portion
17 is changed so that it has the minimum value at the center
and the maximum values at both sides thereof. That is, in the
extending direction, at the top portion of the linear projection
16 in which the plurality of minute irregular portions in the
vertical direction are provided in the vicinity of the apex, and
at the top portion of the slit portion 17, the minute domains are
locally formed adjacently to both domains at both sides of the
domain wall.

[0208] On the other hand, FIGS. 29 and 30 schematically
show a section of the MVA cell according to the comparative
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example. The constructions of the drawings are respectively
the same as those of FIGS. 27 and 28. The linear projection 4
is arranged on the electrode 12 at the left side of FIG. 29, and
the slit portion 8 is arranged at the right side. FIG. 30 shows
avoltage distribution with equi-potential lines obtained when
a predetermined voltage is applied between both the elec-
trodes 11 and 12 in the construction of FIG. 29. As is apparent
from the drawing, the equi-potential line has only one
extreme value at the upper portion of the linear projection 4 or
the lower portion of the slit portion 8. As stated above, since
the equi-potential line at the upper portion of the linear pro-
jection 4 or the lower portion of the slit 8 has only one extreme
value, there occurs an in-plane transition of 180° as shown in
FIGS. 23 and 24.

[0209] On theotherhand, according to this embodiment, by
the irregular portion of the top of the linear projection 16 or
the stripe electrode 18 of the slit portion 17, the plurality of
minute domains are locally formed on the linear projection 16
or the slit portion 17. The minute domains function to tilt the
liquid crystal molecules on the linear projection 16 or the slit
portion 17 in the extending direction. Accordingly, according
to the construction of this embodiment, the liquid crystal
molecules on the linear projection 16 or the slit portion 17 are
tilted in the extending direction by alignment regulating force
higher than the prior art. By this, the conventional in-plane
transition of 180° is divided into two liquid crystal orientation
angle transitions of 90°, and an angle difference in the liquid
crystal orientation angle between the adjacent domains
becomes small. As a result, the transition length of the domain
wall becomes short, and narrowing of the dark lines is real-
ized.

[0210] Incidentally, as the number of the irregularities of
the upper portion of the linear projection 16 as the alignment
regulating structural member or the number of the stripe
electrodes 18 of the slit portion 17 becomes large, the align-
ment regulating force of the minute domains formed between
the domains becomes high, and the distortion received by the
minute region from the adjacent domain becomes low. As a
result, the transition length of the domain wall becomes short
as the number of the irregularities of the upper portion of the
linear projection 16 or the number of the stripe electrodes 18
ofthe slit portion 17 becomes large, and narrowing of the dark
lines is realized.

[0211] Besides, since the stability of the minute domains in
which the liquid crystal molecules are tilted in the extending
direction of the linear projection 16 or the slit portion 17,
becomes high, the temporary ¢ deviation becomes slight, and
more superior response characteristics can be obtained.
[0212] According to the MVA cell of this example, it has
been confirmed that the transmittance is improved by 10% or
more as compared with the conventional MVA cell of the
comparative example, and the dark line width is narrowed by
20% or more as compared with the comparative example.
Besides, also with respect to the response characteristics, it
has been confirmed that the response of the halftone, which is
the problem, is faster than the comparative example by 10%
or more.

[0213] In summary, the construction according to this
example includes the pair of substrates 1 and 2 having a
predetermined cell gap and arranged opposite to each other,
the electrodes 11 and 12 formed on the opposite surfaces of
the pair of substrates 1 and 2, as the alignment regulating
structural member, at least one of the linear projection 16
provided with the irregular portion formed in the vicinity of
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the top in the extending direction and arranged on the elec-
trode 11 or 12 and the slit portion 17 formed by removing part
of the electrode material of the electrode 11 or 12 and pro-
vided with the stripe-like electrode 18 in the extending direc-
tion, the vertical alignment films formed between the pair of
substrates 1 and 2, and the liquid crystal layer sealed between
the vertical alignment films and having the negative dielectric
anisotropy.

Example 4-2

[0214] FIGS. 31 to 33 show an example of this embodi-
ment. According an MVA-LCD shown in FIG. 31, in the
MVA-LCD shown in FIG. 24, a conductive linear projection
19 is formed on the opposite substrate just above the conven-
tional slit portion 8, and an alignment regulating structural
member is constructed by the combination of the slit portion
8 and the conductive linear projection 19. The other construc-
tion is the same as the MVA-LCD shown in FIG. 24. The
sectional shape of the conductive linear projection 19 has a
bank shape with one peak having a width d=5 um and a height
dh=2 pm. Both are disposed so that the edge line of the
conductive linear projection 19 is positioned at the center of
the slit portion 8.

[0215] The conductive linear projection 19 is fabricated by
forming a linear projection of an insulator having a predeter-
mined width and a height before the electrodes 11 and 12 on
the substrates 1 and 2 are formed, by next forming an elec-
trode material on the whole surface, and by patterning it. The
conductive linear projections 19 are provided at a pitch of 70
wm on the substrates 1 and 2. Besides, removed regions were
formed in the electrodes 11 and 12 at nearly center positions
between the adjacent conductive linear projections 19, and
the slit portions 8 were arranged. Next, a not-shown align-
ment film was formed to a thickness of 0.05 pm on the whole
surface.

[0216] Next, after both the substrates 1 and 2 were bonded
to each other so that the conductive linear projection 19 of one
of the substrates was opposite to the slit portion 8 of the other
substrate, the liquid crystal was injected, and the MVA cell of
a cell gap 4.0 um was prepared. The alignment film and the
liquid crystal material are the same as those of the example
4-1. The conductive linear projection 19 was fabricated by
forming a transparent conductive film on an insulating struc-
tural member formed of a positive resist.

[0217] FIGS.32and 33 schematically show asection of the
MVA cell according to this example. In the drawings, the
illustration of the upper and lower substrates 1 and 2 is omit-
ted. The slit portion 8 is arranged on the electrode 12 at the left
side of FIG. 32, and the conductive linear projection 19 is
formed at the position opposite to that. Since the construction
shown at the right side of FIG. 32 is described in a next
example, it is not described here. The left side of FIG. 33
shows a voltage distribution with equi-potential lines
obtained when a predetermined voltage is applied between
both the electrodes 11 and 12 in the construction of FIG. 32.
As is apparent from the drawing, in a region linearly connect-
ing the conductive linear projection 19 and the slit portion 8,
an electric field generated between the upper and lower sub-
strates becomes weak. Accordingly, even if the voltage is
applied between the electrodes 11 and 12, since a sufficient
electric field to tilt the liquid crystal molecules is not applied
to the liquid crystal molecules existing between the conduc-
tive linear projection 19 and the slit portion 8, they are not
tilted in the extending direction of the conductive linear pro-
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jection 19 and the slit portion 8, but remains vertically
aligned. By this, the liquid crystal molecules in the vicinity of
the domain wall in this example are tilted through the vertical
transition in which a polar angle is successively changed in a
plane substantially orthogonal to the extending direction of
the conductive linear projection 19 and the slit portion 8. That
is, the liquid crystal transition of the domain wall becomes
such a change that in a state of a constant orientation angle,
the polar angle approaches perpendicularity from 0°, and the
orientation angle is inverted by 180° through the vertically
aligned liquid crystal molecule of the center portion.

[0218] As compared with the conventional slit portion con-
struction, the tilt of the electric field generated on the struc-
tural member becomes steep, and the liquid crystal molecules
on the structural member becomes stable in energy by the
vertical transition rather than the in-plane transition. In the
vertical transition, in the case where polarizing plates are
formed in crossed Nicols in the orientation of 45° with respect
to the extending direction of the alignment regulating object,
the number of dark lines on the structural member is changed
from two to one. This is because there is no region where the
orientation of incident light is coincident with the orientation
of liquid crystal, and only a region in which the liquid crystal
at the center portion becomes vertical and birefringence does
not occur, becomes a dark line. Besides, there is no liquid
crystal molecule falling down in the extending direction of
the linear projection, the liquid crystal orientation of the
whole domain becomes the ideal orientation, and the ¢ devia-
tion does not occur. As aresult, the number of dark lines on the
domain wall becomes one from two, so that the transmission
loss is reduced, the ¢ deviation is avoided, and the high
luminance is realized. Besides, since the gradient of the elec-
tric field on the alignment regulating structural member
becomes steep by the electrode slit portion and the conductive
structural member, the propagation speed of the tilt of the
liquid crystal of the domain becomes high, and more excel-
lent response characteristics can be obtained.

[0219] According to the MVA cell of this example, it has
been confirmed that the transmittance is improved by 20% or
more as compared with the conventional MVA cell of the
comparative example, and the dark line width is narrowed by
20% or more as compared with the comparative example. It
has been confirmed that the ¢ deviation in the domain is also
eliminated, and as compared with the transmittance of only
the domain of the comparative example, the transmittance is
improved by 10% or more, and it is an almost ideal value.
Besides, also with respect to the response characteristics, it
has been confirmed that the response at a halftone, which is
the problem, becomes faster than the comparative example by
10% or more.

Example 4-3
[0220] FIGS. 32 to 34 show an example of this embodi-
ment.
[0221] The MVA-LCD shown in FIG. 34 is the same as the

MVA-LCD shown in FIG. 31 except that the slit portion 17
shown in FIG. 26 is provided instead of the slit portion 8 inthe
MVA-LCD shownin FIG, 31. However, the width d of the slit
portion 17 is longer than that shown in FIG. 26, and d=22.5
wm in this example, and the width d3 of the stripe-like elec-
trode of the center portion of the slit portion 17 is d3=2.5 pm.
[0222] The right side of FIG. 32 and the right side of FIG.
33 schematically show a section of the MVA cell according to
this example. The slit portion 17 is arranged on the electrode
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11, and the conductive linear projection 19 is formed at the
position opposite to that. The right side of FIG. 33 shows a
voltage distribution with equi-potential lines obtained when a
predetermined voltage is applied between both the electrodes
11 and 12 in the construction of the right side of FIG. 32. As
is apparent from the drawing, since the electric field of the
center portion of the domain wall, that is, the electric field of
the portion over the alignment regulating structural member
is higher than that of domains at both sides, the liquid crystal
molecules 10 between the slit portion 17 and the conductive
linear projection 19 are tilted more greatly than the liquid
crystal molecules in the domain. By the high oblique electric
field generated by the edge of the slit portion 17 and the
conductive linear projection 19, the tilt direction becomes
substantially parallel to the substrate surface in the plane
orthogonal to the extending direction of the slit portion 17 and
the conductive linear projection 19 as shown in FIG. 34. The
liquid crystal transition in the domain wall becomes a change
(horizontal transition) in which in a state of a constant orien-
tation angle, the polar angle is gradually tilted, and through
the maximum polar angle at the center portion, the orientation
angle is inverted by 180°. As compared with the conventional
slit portion 8, the tilt of the electric field generated over the
conductive linear projection 19 becomes steep, and the liquid
crystal molecules 10 over the conductive linear projection 19
become stable in energy by the horizontal transition rather
than the in-plane transition. In the horizontal transition, in the
case where polarizing plates are arranged in crossed Nicols in
the orientation of 45° with respect to the extending direction
of the alignment regulating structural member, the number of
dark lines over the alignment regulating structural member
becomes 0 from two. This is because there is no region where
the orientation of incident light is coincident with the orien-
tation of the liquid crystal, and the liquid crystal molecules 10
vertically aligned at the center portion do not exist, and
accordingly, there is no region which is not subjected to
birefringence. Besides, since the liquid crystal molecules 10
which fall down in the extending direction of the alignment
regulating structural member do not exist, the liquid crystal
orientation of the whole domain becomes ideal, and the ¢
deviation does not occur. As a result, the number of dark lines
on the domain wall becomes zero from two, the transmission
loss is reduced, the ¢ deviation is avoided, and the high
luminance is realized.

[0223] Besides, the alignment regulating structural mem-
ber by the combination of the slit portion 17 and the conduc-
tive linear projection 19 has a function of improving the
response characteristics. Since the liquid crystal molecules
10 of the domain wall center portion receive an electric field
higher than that in the domain, they are tilted more greatly
than the liquid crystal molecules 10 of the domain. That is, a
series of liquid crystal alignment transitions at the domain
wall have, as shown in FIG. 34, an alignment distortion like a
spray. Accordingly, even at a halftone, since the gradient of
the electric field to the liquid crystal molecules becomes steep
by the domain wall for regulating the propagation speed of the
tilt of the liquid crystal, more excellent response characteris-
tics can be obtained. Besides, by setting the applied voltage at
the time of black display to be a voltage lower than a prede-
termined threshold value, not 0V, and by previously tilting the
liquid crystal molecules 10 at the domain wall portion, the
liquid crystal molecules at the domain wall portion receive
the electric field in an oblique direction, so that the response
characteristics can be improved more remarkably.
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[0224] Since the dark line does not exist in the MVA cell of
this example, the transmittance is improved by 30% or more
as compared with the conventional MVA cell of the compara-
tive example. The ¢ deviation in the domain is also elimi-
nated, and as compared with the transmittance of the domain
of the comparative example, it has been confirmed that the
transmittance is improved by 10% or more and becomes an
almost ideal value. Also with respect to the response charac-
teristics, it has been confirmed that the response of a halftone,
which is the problem, is not larger than half of the compara-
tive example.

[0225] The functions, operations and effects according to
the above examples are shown in Table 1 while they are
compared with the conventional example.

TABLE 1
Conven-
tional Example Example Example

Example 4-1 4-2 4-3
Liquid erystal in-plane  in-plane vertical horizontal
transition transition  tramsition  transition transition
Transmittance 1 1.1 1.2 13
Transmittance of 1 1 1.1 1.1
only domain
¢ deviation of present present  notpresent  not present
domain
Width of dark line 1 0.8 0.8 0
Response speed 1 0.9 0.9 0.5
[0226] As described above, according to this embodiment,

by using the alignment regulating structural member effective
in the narrowing of the dark line, and the reduction or avoid-
ance of the ¢ deviation, the high luminance of the MVA-LCD
can be realized, and the response characteristics can be
improved.

Fifth Embodiment

[0227] Next, a liquid crystal display according to a fifth
embodiment of the present invention will be described with
reference to FIGS. 35 to 37. This embodiment is an improve-
ment of the liquid crystal display of the example 4-3 of the
fourth embodiment described with reference to FIG. 34.
[0228] Thereis a case wherethe liquid crystal display of the
example 4-3 having the construction for realizing the hori-
zontal transition can not obtain a sufficient effect in a low
voltage region near the threshold voltage. Since the liquid
crystal molecules 10 on the domain wall can not be given the
directionality tilted more greatly than the liquid crystal mol-
ecules 10 in the domain at the threshold voltage or lower, they
become unstable. Besides, even if the voltage is the threshold
voltage or higher, in the case where the liquid crystal mol-
ecules 10 in the domain are hardly tilted, they become
unstable similarly. In the unstable state, there arises a problem
that a possibility that the ¢ deviation occurs becomes high,
and a sufficient improvement effect cannot be obtained in the
response characteristics.

[0229] Besides, the construction shown in FIG. 34 has also
a defect that a manufacturing margin is very narrow. When a
position deviation of the alignment regulating structural
members (the slit portion 17 and the conductive linear pro-
jection 19) respectively formed on the upper and lower sub-
strates occurs by a bonding deviation at the time of bonding
the upper and lower substrates 1 and 2, the balance between
adjacent domains is lost, and a deviation from the ideal hori-
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zontal transition occurs. Especially, there arises a problem
that the ¢ deviation becomes apt to occur, and the effect of
high transmittance cannot be sufficiently obtained. Besides,
when the magnitude of the ¢ deviation becomes different
between adjacent domains by the bonding deviation, there
arises a problem that a display blur occurs, or desired
response characteristics cannot be obtained.

[0230] Inthis embodiment, by using an alignment regulat-
ing structural member in which a bonding deviation is hard to
produce and a stable horizontal transition can be realized even
in a low voltage region, a high luminance and a high speed
response are realized without narrowing a manufacturing
margin.

[0231] Hereinafter, specific examples will be described.
Example 5-1

[0232] FIGS. 35 and 36 show an example of this embodi-

ment.

[0233] AnMVA-LCD shown in FIG. 35 has the same shape

asthe MVA-LCD shown in FIG. 34 except that the conductive
linear projection 19 in the MVA-LCD shown in FIG. 34 is
replaced by a conductive linear projection 20. However, the
width d of a slit portion 17 is longer than that shown in FIG.
26, and d=22.5 um in this example, and the width d3 of a
stripe-like electrode at the center portion of the slit portion 17
is d3=2.5 pm.

[0234] The conductive linear projection 20 is such that a
transparent conductive film is formed on a patterned novolac
or acrylic photosensitive resin. FIG. 36 shows a state in which
the tip end portion of the conductive linear projection 20 is
viewed in the direction orthogonal to the extending direction.
As shown in FIG. 36, an irregular portion 21 in which irregu-
larities are repeated in the extending direction is formed in the
vicinity of the apex of the conductive linear projection 20. The
width (period) of the irregular portion 21 is d4=6.0 um, and
the height (vertical difference) is d5=0.3 pm. The irregular
portion 21 was formed by using heat shrinkage generated by
irradiation of ultraviolet rays of irradiation energy of about
5000 mJ/cm? (A=254 nm) after the photosensitive resin was
post-baked.

[0235] The irregular portion 21 provided at the top portion
of the conductive linear projection 20 can be regarded as a
plurality of minute linear projections extending in the direc-
tion orthogonal to the extending direction of the conductive
linear projection 20. Thus, the liquid crystal molecules 10 in
the vicinity of the minute linear projections are aligned in the
extending direction of the minute linear projections.

[0236] Accordingly, by using the alignment regulating
structural member (combination of the slit portion 17 and the
conductive linear projection 20) of this example, also in the
low voltage region, it becomes possible to cause the liquid
crystal molecules 10 onthe domain wall to have directionality
in the direction orthogonal to the extending direction by the
irregular portion 21 of the conductive linear projection 20. By
this, it becomes possible to avoid or reduce the ¢ deviation
which is apt to occur in the conventional construction, and the
response characteristics, together with the transmittance, are
also improved. Besides, since a new alignment regulating
force is exerted on the domain wall, the ¢ deviation produced
by the bonding deviation can also be reduced. Accordingly,
by applying this alignment dividing construction, a wide
manufacturing margin can be secured, and the transmittance
and the response characteristics can be improved more
remarkably.

Jan. 30,2014

[0237] As a comparative example, the MVA cell shown in
FIG. 34 was prepared. The MVA cell has the same construc-
tion as the MVA cell of this example except that it has the
conductive linear projection 19. Besides, in both the present
example and the comparative example, in order to confirm the
margin to the bonding deviation, cells in which bonding was
shifted were also fabricated. As a result of alignment obser-
vations, according to the MVA cell of this example, the ¢
deviation, which occurred in the low voltage region, was
capable of being made smaller than the comparative example,
and more excellent transmittance characteristics and
response characteristics were obtained. Besides, it was con-
firmed that the magnitude of the ¢ deviation produced when
the bonding deviation occurred was also reduced.

Example 5-2
[0238] FIG. 37 shows an example of this embodiment.
[0239] Inan MVA-LCD shown in FIG. 37, the conductive

linear projection 20 is not formed on the substrate 1 in the
MVA-LCD shown in FIG. 35, but slit portions 17 are formed
atapitch of 70 um on the substrates 1 and 2. Then, a dielectric
layer 22 of a positive resist having a thickness d6=0.5 um is
formed on the electrode 12 in regions other than the shit
portions 17 including stripe-like electrodes 18, and a vertical
alignment film (not shown) having a thickness of 0.05 pm is
formed thereon. The upper and lower substrates 1 and 2 are
bonded to each other so that the slit portions 17 are alternately
arranged, and liquid crystal is injected, so that the MVA cell
of a cell gap of 4.0 um is prepared.

[0240] By using the alignment regulating structural mem-
ber of this example, the alignment division of the horizontal
transition in which the problem due to the bonding deviation
does not arise can be realized. Since a step of eliminating the
deviation of the two opposite alignment regulating structural
members and bonding the substrates can be simplified, a high
manufacturing yield can be obtained. As a result of alignment
observations, in the MVA cell of this example, it was con-
firmed that the ¢ deviation did not occur in a region other than
a low voltage region, and the ¢ deviation due to the bonding
deviation, which occurred in the comparative example, was
prevented.

[0241] As described above, even if the bonding deviation of
the substrates occur, by using the alignment regulating struc-
tural member which realizes the horizontal transition more
stable in energy, the high luminance and the high speed
response can be realized without narrowing the manufactur-
ing margin of the MVA-LCD.

Sixth Embodiment

[0242] Next, a liquid crystal display according to a sixth
embodiment of the present invention will be described with
reference to FIGS. 38A to 43. The liquid crystal display
according to this embodiment is an MVA-LCD in which an
insulating linear projection is arranged as an alignment regu-
lating structural member, and has a feature that an electrode is
formed on the linear projection. Besides, a potential such as
decreases a potential difference with respect to an electrode at
the side of the opposite substrate is applied to the electrode on
the linear projection. For example, the same potential as the
potential of the opposite electrode is applied. By doing so,
even if a voltage is applied between the electrodes of both the
substrates, the liquid crystal molecules on the linear projec-
tion stand upright without being tilted in the extending direc-



US 2014/0028935 A1l

tion of the linear projection. By this, the liquid crystal mol-
ecules in the vicinity of the domain wall are tilted in the
vertical transition in which the polar angle is successively
changed in the plane substantially orthogonal to the extend-
ing direction of the linear projection. That is, the liquid crystal
transition at the domain wall becomes a change in which in a
state of a constant orientation angle, the polar angle
approaches verticality from 0°, and through the vertically
aligned liquid crystal molecule at the center portion, the ori-
entation angle is inverted by 180°.

[0243] Hereinafter, specific examples will be described.
Example 6-1
[0244] FIGS. 38A and 38B are sectional views showing a

liquid crystal panel construction according to this example.
FIG. 38A shows a panel section taken along a normal of a
panel surface, and FIG. 38B shows a state viewed in the
direction of the normal of the panel surface. Transparent
electrodes 11 and 12 are formed on opposite surfaces of a pair
of opposite substrates 1 and 2 having a predetermined cell gap
and arranged opposite to each other. A liquid crystal layer
containing a large number of liquid crystal molecules 10 is
sealed between the transparent electrodes 11 and 12. A plu-
rality of linear projections 4 are formed at a predetermined
pitch on the transparent electrode 12. A plurality of linear
projections 6 are formed on the transparent electrode 11 at the
same pitch as the linear projections 4 and are shifted by a half
pitch from the linear projections 4. Two polarizing plates
(either of them is not shown) are arranged in crossed Nicols at
the outside of each of the substrates 1 and 2. The cell gap is 4
wm, the height of the linear projections 4 and 6 is 1.5 um, the
width is 10 um, and the space (pitch) is 25 pm.

[0245] Electrodes 22 and 23 are formed on the top portions
of the respective linear projections 4 and 6. The same poten-
tial as the potential applied to the opposite electrode 11 is
applied to the electrode 22 on the linear projection 4. The
same potential as the potential applied to the opposite elec-
trode 12 is applied to the electrode 23 on the linear projection
6.

[0246] Forexample, when OV is applied to the electrode 11
of the substrate 1 and +5 V is applied to the electrode 12 of the
substrate 2, the liquid crystal molecules 10 are tilted in accor-
dance with the distortion of the intensity of the electric field
generated in the liquid crystal layer by the action of the linear
projections 4 and 6 as the alignment regulating structural
members. However, since the potentials of the electrodes 22
and 23 on the respective linear projections 4 and 6 are the
same as the potentials of the opposite electrodes, the same
state as the state of no voltage application is kept on the
respective linear protrusions 4 and 6. Thus, the liquid crystal
molecules 10 on the respective linear projections 4 and 6 are
not tilted but stand vertically. By this, the liquid crystal mol-
ecules 10 in the vicinity of the domain wall are tilted in the
vertical transition in which the polar angle is successively
changed in the plane substantially orthogonal to the extend-
ing direction of the linear projections 4 and 6. According to
this example, panel characteristics were obtained in which the
panel transmittance was 5.2% and the response speed from
black to gray of 25% was 77 (ms).

BExample 6-2

[0247] FIGS. 39A and 39B are sectional views showing a
liquid crystal panel construction according to this example. A
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liquid crystal panel shown in FIGS. 39A and 39B is the same
as the liquid crystal panel of the example 6-1 except that the
electrodes 23 on the linear projections 6 are removed from the
liquid crystal panel of the example 6-1 shown in FIGS. 38A
and 38B.

[0248] Forexample, when 0V is applied to the electrode 11
of the substrate 1 and +5V is applied to the electrode 12 of the
substrate 2, the liquid crystal molecules 10 are tilted in accor-
dance with the distortion of the intensity of the electric field
generated in the liquid crystal layer by the action of the linear
projections 4 and 6 as the alignment regulating structural
members. However, since the potentials of the electrodes 22
on the respective linear projections 4 are the same as the
potential of the opposite electrode, the same state as the state
of no voltage application is kept on the respective linear
projections 4. Thus, the liquid crystal molecules 10 on the
respective linear projections 4 are not tilted, but stand verti-
cally. However, since the liquid crystal molecules 10 on the
respective linear projections 6 are tilted, the liquid crystal
molecules 10 in the vicinity of the domain wall are tilted in a
state which is close to the vertical transition though its degree
is inferior to the example 6-1. According to this example,
panel characteristics were obtained in which the panel trans-
mittance was 5.0% and the response speed from black to gray
of 25% was 105 (ms).

Example 6-3

[0249] FIGS. 40A and 40B are sectional views showing a
liquid crystal panel construction according to this example. A
liquid crystal panel shown in FIGS. 40A and 40B is the same
as the liquid crystal panel of the example 6-1 except that slit
portions 8 are provided instead of the linear projections 4 of
the liquid crystal panel of the example 6-1 shown in FIGS.
38A and 38B (slit width is 10 pum).

[0250] Forexample, when OV is applied to the electrode 11
of the substrate 1 and +5V is applied to the electrode 12 of the
substrate 2, the liquid crystal molecules 10 are tilted in accor-
dance with the distortion of the intensity of the electric field
generated in the liquid crystal layer by the action of the linear
projections 6 and the slit portions 8 as the alignment regulat-
ing structural members. However, since the potentials of the
electrodes 23 on the respective linear projections 6 are the
same as the potential of the opposite electrode, the same state
as the state of no voltage application is kept on the respective
linear projections 6. Thus, the liquid crystal molecules 10 on
the respective linear projections 6 are not tilted but stand
vertically. However, since the liquid crystal molecules 10 on
the slit portions 8 are tilted, the liquid crystal molecules 10 in
the vicinity of the domain wall are tilted in a state which is
close to the vertical transition though its degree is inferior to
the example 6-1. According to this example, panel character-
istics were obtained in which the panel transmittance was
5.0% and the response speed from black to gray of 25% was
110 (ms).

Example 6-4

[0251] FIG. 41 is a sectional view showing a liquid crystal
panel construction according to this example. In a liquid
crystal panel shown in FIG. 41, linear projections 6 are
formed at a predetermined pitch on an electrode 11, and linear
projections 4 are formed on an electrode 12 at positions
opposite to the linear projections 6. Electrodes 22 are formed
on every other linear projections 4, and electrodes 23 are
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formed on every other linear projections 6 and are shifted
from them by a half pitch. The other construction is the same
as the liquid crystal panel of the example 6-1 shown in FIGS.
38A and 38B.

[0252] The same potential as the potential applied to the
electrode 12 is applied to the electrodes 22 on the linear
projections 4. The same potential as the potential applied to
the electrode 11 is applied to the electrodes 23 on the linear
projections 6. That is, the construction is such that the con-
ductive linear projections provided with the electrodes are
arranged at the opposite side of the linear projections 4 and 6
as the alignment regulating structural members having no
electrode on the top portions.

[0253] Forexample, when 0V is applied to the electrode 11
of the substrate 1 and +5 V is applied to the electrode 12 of the
substrate 2, 0V is applied to the electrodes 23 of the linear
projections functioning as the conductive linear projections,
and +5V is applied to the electrodes 22 of the linear projec-
tions 4 functioning as the conductive linear projections. By
doing so, the alignment regulating force becomes high, and
the response speed of display can be raised. According to this
example, panel characteristics were obtained in which the
panel transmittance was 4.8% and the response speed from
black to gray of 25% was 90 (ms).

Example 6-5

[0254] FIG. 42 is a sectional view showing a liquid crystal
panel construction according to this example. In a liquid
crystal panel shown in FIG. 42, linear projections 6 are
formed at a predetermined pitch on an electrode 11, and
conductive linear projections 24 are formed at the same pitch
as the predetermined pitch and are shifted from the linear
projections 6 by a half pitch. The conductive linear projec-
tions 24 are formed by stacking an electrode 11 on previously
formed dielectric projections.

[0255] Besides, linear projections 4 are formed on an elec-
trode 12 at the same pitch as the linear projections 6, and
conductive linear projections 25 are formed at the same pitch
as the pitch and are shifted from the linear projections 4 by a
half pitch. The conductive linear projections 25 are formed by
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Example 6-6

[0257] FIG. 43 is a sectional view showing a liquid crystal
panel construction according to this example. A liquid crystal
display shown in FIG. 43 has the same construction as that of
the example 6-5 shown in FIG. 42 except that the shapes of the
sections of the conductive linear projections 24 and 25 in the
direction orthogonal to the extending direction are different.
[0258] The shape of the section of each of the conductive
linear projections 24 and 25 in the direction orthogonal to the
extending direction is characterized in that an upper side is
longer than a lower side, and the area of an upper surface of
each of the conductive linear projections 24 and 25 is larger
than the area of a surface being in contact with the pixel
electrode on which the projection is arranged. By doing so,
the alignment direction by the projections becomes more
stable, and the response speed of display can be further raised.
Incidentally, the conductive linear projections 24 and 25 can
be formed by overexposure using a negative photosensitive
material.

[0259] Besides, the conductive linear projections 24 and 25
can be formed by forming color filter layers in piles at the time
of formation of color filters, and by forming transparent elec-
trodes thereon. Accordingly, the conductive linear projec-
tions 24 and 25 can be formed without increasing the manu-
facturing step. According to this example, panel
characteristics were obtained in which the panel transmit-
tance was 4.8% and the response speed from black to gray of
25% was 70 (ms).

Conventional Example

[0260] A conventional MVA-LCD was formed in which
linear projections were formed on the opposite substrate to be
shifted by a half pitch. The panel construction parameters
such as a cell gap are the same as those of the example 6-1.
The panel transmittance was 4.8%. The response speed from
black to gray of 25% was 120 (ms).

[0261] The functions, operations and effects of the above

examples are shown in Table 2 while they are compared with
the conventional example.

TABLE 2
Conventional Example Example Example Example Example Example
example 6-1 6-2 6-3 6-4 6-5 6-6
Panel 5.2 5.0 5.0 4.8 4.8 4.8
transmittance (%)
Halftone 120 77 105 110 90 90 70

response time
(ms)

stacking an electrode 12 on previously formed dielectric pro-
jections. The substrates 1 and 2 are bonded to each other so
that the linear projections 6 and the conductive linear projec-
tions 25 are opposite to each other, and the linear projections
4 and the conductive linear projections 24 are opposite to each
other. The other construction is the same as the liquid crystal
panel of the example 6-1 shown in FIGS. 38A and 38B.

[0256] Since the operation of this example is the same as
the example 6-4, the description is omitted. According to this
example, panel characteristics were obtained in which the
panel transmittance was 4.8% and the response speed from
black to gray of 25% was 90 (ms).

Seventh Embodiment

[0262] Next, a liquid crystal display according to a seventh
embodiment of the present invention will be described with
reference to FIGS. 44 to 54. In order to improve the transmit-
tance characteristics of an MVA-LCD, a system is proposed
in which the orientation of liquid crystal alignment of a struc-
tural member or a slit portion is made different from the
orientation of liquid crystal alignment of a space (region
between two structural members) portion by 45°. This system
can be realized by forming, for example, lattice-like align-
ment regulating structural members 4 and 6 on upper and
lower substrates as shown in FIG. 44, arranging the structural
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members 4 and 6 of the upper and lower substrates to be
shifted from each other by a half pitch, and lowering the
height of each of the structural members 4 and 6 to approxi-
mately halfofthat ofthe conventional MVA-LCD. Two polar-
izing plates at both sides of the upper and lower substrates are
arranged in crossed Nicols, and are arranged so that both
polarization axes become orthogonal to or parallel to the
extending direction of the structural members 4 and 6. By
doing so, a deviation between the orientation of the liquid
crystal alignment in the domain and the orientation of the
liquid crystal alignment on the alignment regulating struc-
tural member can be made smaller than that of the conven-
tional MVA-LCD. Thus, the deviation of the liquid crystal
molecules from the ideal orientation in the domain becomes
small, the number of dark lines can be made one, and the
transmittance can be improved.

[0263] However, in this system, although the transmittance
can be improved as compared with the conventional type,
there arises a problem that the response speed becomes slow.
Then, a response state of a cell was observed by using a high
speed camera. FIGS. 45A, 45B, 45C, 46A, 46B, 46C, 46D,
47A, 47B, and 47C show results of response states of a cell
after a predetermined time has passed after voltage applica-
tion. In FIGS. 45A to 47F, each of the drawings shows a
plurality of domains divided by the alignment regulating
structural members 4 and 6 shown in FIG. 44. FIGS. 45A to
45C in turn show states after 0 ms, 12 ms, and 16 ms have
passed since the start of the voltage application, FIGS. 46 A to
46D in turn show states after 20 ms, 40 ms, 100 ms and 200 ms
have passed, and FIGS. 47A to 47C in turn show states after
400 ms, 500 ms, and 700 ms have passed. By the observation
results, it has been understood that the following three factors
are factors of slow response.

[0264] 1. (See problem 2 of FIG. 46A) It is seen that a
complicated optical pattern appears at the center portion of
the space at the initial period of response, and it assimilates
with the brightness of the surroundings and gradually
becomes bright with the passage of time. It has been found
that the cause is such that liquid crystal molecules in the
vicinity of the center of the space portion do not follow the
alignment regulation from the structural member at the initial
period of the response and are aligned at random, however,
they receive the propagation of the tilt from the liquid crystal
molecules in which the alignment is regulated by the struc-
tural member with the passage of time, and are gradually
aligned in the regulation direction of the structural member.
[0265] 2.(Seeproblem 3 of FIG. 46A)Inregions very close
to the structural member or the slit, a region other than a
crossing portion is dark immediately after the response, and
becomes bright with the passage of time. It has been found
that the cause is such that the liquid crystal molecules of this
region are aligned in the orthogonal (90°) orientation with
respect to the extending direction of the linear structural
member or slit portion immediately after the response, and
thereafter, the alignment is changed to the orientation of 45°.
[0266] 3. (Seeproblem 1 of FIG. 46B)Itis seen that imme-
diately after the response, among regions on the structural
member or the slit portion, a plurality of singular points of
alignment vectors appear in the crossing portion and regions
other than that, and with the passage of time, the singular
points appearing in the regions other than the crossing portion
are moved so as to attract each other and disappear. Further, in
accordance with the movement and extinction of the singular
points, there is a change in the brightness of the surroundings
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(three dark lines are changed to one line). The reason of this
will be described below. At the time of voltage application,
the liquid crystal molecules on the linear structural member
or the slit portion are urged to be aligned in the direction
parallel to the extending direction of the structural member or
the slit portion. Here, for example, in the case where a line is
extended right and left, there are two cases, that is, a left
direction and a right direction, in which the liquid crystal
molecules are aligned parallel to that. In the vicinity of the
crossing portion of the structural member or the slit portion,
since an alignment control state is realized in which a singular
point of an alignment vector is stably formed, the alignment
orientation of the liquid crystal molecules is determined to be
one direction in accordance with that. However, at the regions
other than the crossing portion, there is no means for deter-
mining the orientation of the liquid crystal alignment. Thus, it
is conceivable that immediately after the response, the liquid
crystal molecules in the regions other than the crossing por-
tion are slanted in one of the two directions at random, so that
singular points are produced in the regions other than the
crossing portion, and thereafter, the alignment state is
changed in accordance with the alignment orientation of the
crossing portion, and the singular points other than those on
the crossing portion in which the singular point can be stably
formed, finally disappear.

[0267] Insummary, the cause of making the response slow
can be classified into three factors, that is, the random align-
ment in the space portion, the orthogonal alignment in the
vicinity of the structural member, and the change (movement
and disappearance) of the singular points produced in the
regions other than the crossing portion of the lattice.

[0268] Then, according to this embodiment, in order to
improve the response characteristics of the MVA-LCD for
controlling the liquid crystal alignment by the linear projec-
tion or the slit portion provided on the substrate, the liquid
crystal molecules on the linear projection or the slit portion
are made not to be vertically aligned even at the time of no
voltage application. By this, at the time of no voltage appli-
cation, the tilt direction of the liquid crystal molecules on the
linear projection or the slit portion can be determined in
advance.

[0269] As a result, also after the voltage application, since
the liquid crystal molecules on the linear projection or the slit
portion follow the previously determined tilt direction, the
movement and disappearance of the singular points, which
occurred in the conventional MVA-LCD, can be eliminated.
[0270] Further, at the time of the voltage application, the
liquid crystal molecules of the region adjacent to the linear
projection or the slit portion are urged to be aligned in the
orientation of 45° with respect to the extending direction of
the linear projection or the slit portion. At this time, since the
liquid crystal molecules on the linear projection or the slit
portion are tilted in the previously determined orientation, the
liquid crystal molecules in the region adjacent to this can
change the alignment smoothly from the tilt orientation to the
direction shifted by 45°. By these, the above problems 2 and
3 can be improved and the response speed can be raised.
[0271] Incidentally, in order to obtain a bright display hav-
ing high contrast, it is appropriate that the alignment orienta-
tion of the liquid crystal molecules on the linear projection or
the slit portion is shifted by 45° with respect to the alignment
orientation of the liquid crystal molecules in the domain at the
time of voltage application. Besides, it is necessary that the
polarization axis of a polarizing plate is also arranged to be in
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the orientation of 45° with respect to the alignment orienta-
tion of the liquid crystal molecules in the domain. If the
orientation of the liquid crystal alignment on the linear pro-
jection or the slit portion is shifted by 45° from the alignment
orientation of the liquid crystal molecules in the domain, the
orientation of the polarization axis is coincident with the
orientation of the liquid crystal alignment on the linear pro-
jection or the slit portion, and alight leak does not occur. If the
alignment orientation of the liquid crystal molecules on the
linear projection or the slit portion are shifted from the ori-
entation of the polarization axis, the light leak occurs at the
time of a black display. Thus, as a method of preventing the
light leak from occurring, at least one of the linear projection
or the slit portion, and their opposite portions may be shaded.
[0272] Besides, at the time of the voltage application, the
linear projection or the slit portion is made the boundary, and
the alignment orientations of adjacent liquid crystal domains
are different from each other by approximately 90°. The
alignment orientation of the liquid crystal molecules on the
linear projection or the slit portion at the time of no voltage
application is equal to the extending direction of the linear
projection or the slit portion. Besides, a difference between
the orientation of the pre-tilt angle appearance of the liquid
crystal molecules on the linear projection or the slit portion at
the time of no voltage application and the alignment orienta-
tion of the liquid crystal domains positioned at both sides of
the boundary of the linear projection or the slit portion at the
time of voltage application is 90° or less.

[0273] Hereinafter, specific examples will be described.
Example 7-1
[0274]  Aliquid crystal panel construction according to this

example will be described with reference to FIGS. 48A and
48B. FIGS. 48A and 48B show states in which a liquid crystal
panel according to this example is viewed against a substrate
surface, FIG. 48A shows the state at the time of no voltage
application, and FIG. 48B shows the state at the time of
voltage application.

[0275] Lattice-like alignment regulating structural mem-
bers 4 (6) were formed on a substrate having an ITO elec-
trode. Photosensitive acryl resin was used for a structural
material. The formation of a structural pattern was performed
by spin coating the resin on the substrate, carrying out baking
at 90° C. for 20 minutes (using clean oven), selectively irra-
diating ultraviolet light by using a photomask, carrying out
development with an organic alkali developer (solution of
TMAH 0f0.2 wt %), and carrying out baking at 200° C. for 60
minutes (using clean oven). The width of the structural mem-
ber 4 (6) was made 5 pum, the height was made 0.74 pm, and
the lattice pitch was made 40 um.

[0276] By coating the thus obtained substrate with an align-
ment film directly without carrying out an ashing processing,
the alignment film was made not to be selectively formed on
the structural member 4(6). Vertical alignment film material
X was spin coated on the substrate, and after pre-baking was
carried out at 110° C. for one minute (using hot plate), pri-
mary baking was carried out at 180° C. for 60 minutes (using
clean oven). The two substrates formed in this way were
bonded to each other so that the pitches of the lattices are
shifted from each other by a half pitch to form a cell, and
liquid crystal material A having a negative dielectric anisot-
ropy was injected between the substrates. The cell gap was
made 4 pm. The alignment state of the cell was observed, and
as shown in FIG. 484, it was confirmed that the liquid crystal
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molecules 10 positioned on the structural members 4 and 6
were not vertically aligned at the time of no voltage applica-
tion. Incidentally, the thickness of the alignment film at the
alignment regulating structural member or at the opposite
portion may be made thinner than the thickness in the region
where the alignment regulating structural member does not
exist.

[0277] Next, as a comparative example, a panel was fabri-
cated in which an ashing processing of about one minute was
carried out in an oxygen plasma atmosphere to the substrate
before coating of the alignment film, so that the alignment
film was formed on the structural member as well.

[0278] Next, response states of both were observed by a
high-speed camera. The observation results will be described
again with reference to FIGS. 45A to 47F. FIGS. 45A, 45B,
45C, 46 A, 46B,46C. 46D, 47A, 478 and 47C show results of
the response states of the cell after a predetermined time has
passed after voltage application in the comparative example.
FIGS. 45D, 45F, 45F, 46E, 46F, 46G, 46H, 47D, 47E and 47F
show results of the response states of the cell after a prede-
termined time has passed after voltage application in this
example. Incidentally, for facilitating an understanding
through the drawings, in the respective drawings of FIGS.
45D, 45E, 45F, 46F, 46F, 46G, 46H, 47D, 47E and 47F,
domains to be noticed are surrounded by circles.

[0279] First, at the time of no voltage application, in this
example, although the liquid crystal molecules on the struc-
tural member are not vertically aligned, since the orientation
is equal to the orientation of the polarization axis, similarly to
the comparative example in which the liquid crystal mol-
ecules on the structural member are vertically aligned, ablack
display state appears (see FIGS. 45A and 45D).

[0280] Next, when the brightness in the vicinity of the
structural member after voltage application is compared, the
whole in the vicinity of the structural member is already
bright after 12 ms in the example, whereas only the portion in
the vicinity of the crossing portion is bright in the compara-
tive example (see FIGS. 45B and 45E).

[0281] Besides, when the state of singular point formation
on the structural member after voltage application is com-
pared, a singular point is not seen in a portion except the
crossing portion of the structural members in this example,
whereas a singular point is also formed at a linear portion
between the crossing portions, and it is understood that the
singular point disappears after a long time of 700 ms or more
(see FIGS. 47C and 47F).

[0282] Next, measurement results of response speed are
shown in FIGS. 49A and 49B. FIG. 49A is a graph in which
the horizontal axis indicates the relative transmittance (%),
and the vertical axis indicates the response speed (ms). Inci-
dentally, the relative transmittance is made 100% when an
applied voltage to the liquid crystal is 5.4 V.FIG. 49B numeri-
cally shows measurement values of response speed at respec-
tive measurement points of the relative transmittance (%). As
is apparent from FIGS. 49A and 49B, in this example, the
response speed higher than those of the comparative example
is obtained at any gradations, and this fully corresponds to the
results by the high speed camera shown in FIGS. 45A to 47F.
By these, it is understood that the response characteristics can
be improved by this embodiment.

Example 7-2

[0283] FIG. S0A shows a panel construction according to
this example, and FIG. 50B shows a panel construction
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according to a comparative example. This example is the
same as the panel construction of the example 7-1 shown in
FIGS. 48 A and 48B except for the following. In the compara-
tive example shown in FIG. 50B, lattice-like alignment regu-
lating structural members 4 and 6 having an equal width are
formed on upper and lower substrates. On the other hand, in
this example, as shown in FIG. 50A, the widths of lattice-like
alignment regulating structural members 34 and 36 are
changed in the extending direction. The width of a thick
portion of the lattice-like alignment regulating structural
members 34 and 36 was made 5 um, and the width of a thin
portion was made 2 pm. By this, the liquid crystal alignment
on the structural members 34 and 36 can be controlled to be in
adefinite direction. Here, the thickness at the crossing portion
of the structural members on the same substrate was made
thickest, and the liquid crystal alignment on the structural
members could be controlled to be within 90° from the liquid
crystal alignment in the domain (45° in this example). As in
the comparative example, in the case where the width of the
structural member is constant, since either direction with
respect to the extending direction can not be set for the tilt
orientation of the liquid crystal molecules on the structural
member, there is a case where the tilt orientation of the liquid
crystal molecule on the structural member becomes 90° or
more with respect to the alignment orientation of the space
portion at the time of voltage application (liquid crystal mol-
ecules colored black in the drawing). In this case, an align-
ment abnormality as shown at the lower portion of the center
(below the outside of a circular portion) of FIGS. 45D, 45E,
45F, 46FE, 46F, 46G, 46H, 47D, 47F and 47F is observed, and
the transmittance is lowered. However, by changing the width
of the structural member as in this example, a desired direc-
tion can be stably set for the liquid crystal alignment of the
structural member, so that the drop in the transmittance can be
suppressed.

Example 7-3

[0284] FIG. 51A shows a state in which a panel construc-
tion according to this example is viewed against a substrate
surface. FIG. 51B shows a section taken along line A-A of
FIG. 51A. This example is the same as the panel construction
of the example 7-1 shown in FIGS. 48A and 48B except that
the height of the lattice-like alignment regulating structural
members 4 and 6 is changed. In this example, the height of a
crossing portion of the structural member on the same sub-
strate was made highest, the height of a high portion was
made 1.2 pm, and the height of a low portion was made 0.5
pm. In FIG. 51B, the height of a crossing portion 37 of the
lattice-like alignment regulating structural member 4 on the
substrate 2 is made highest. Similarly to the example 7-2, also
by the construction of this example, the liquid crystal align-
ment on the structural member can be stably set to have a
desired direction, and the drop in the transmittance can be
suppressed.

Example 7-4

[0285] FIGS. 52A and 52B show a panel construction of
this example. FIG. 52A shows a state in which the panel
construction according to this example is viewed against a
substrate surface. FIG. 52B shows a section taken along line
A-A of FIG. 52A. This example is the same as the panel
construction of the example 7-1 shown in FIGS. 48A and 48B
except that a plurality of minute structural members 40 are
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formed on the lattice-like alignment regulating structural
members 4 and 6, and an alignment film 41 is formed thereon.
[0286] Each of the minute structural members 40 has, as
shown in FIG. 52A, a shape of an isosceles triangle when
viewed against a substrate surface. The minute structural
members 40 are arranged so that the bottom side of the shape
of the isosceles triangle is directed toward the side of the
crossing portion 37 of the structural members 4 and 6. By this,
since the liquid crystal alignment on the structural member
can be stably set to have a desired orientation, the drop in the
transmittance can be suppressed.

Example 7-5

[0287] This example will be described with reference to
FIG. 53.InFIG. 53, ultravioletray irradiation was carried out,
while the substrates 1 and 2 were selectively shaded with a
photomask M, so that only the structural member 4 and its
opposite portion were irradiated with ultraviolet light. The
wavelength of ultraviolet light was made 254 nm, and the
irradiation amount was made about 5000 mj/em?, By this, a
pre-tilt angle of the liquid crystal molecule 10 on the struc-
tural member 4 could be made to be approximately 0° (the
liquid crystal molecule 10 is aligned substantially parallel to
the substrate surface). In the case where the pre-tilt angle is
0°, the drop in the transmittance due to the difference of the
tilt angle does not occur.

Example 7-6

[0288] This example will be described with reference to
FIG. 54. This example is the same as the construction of the
example 7-1 except for the following. A rubbing processing
was selectively carried out onto the structural members 4 and
6. Rubbing directions 46 (indicated by arrows in the drawing)
were parallel to the extending directions of the linear struc-
tural members 4 and 6, and the processing was carried out
from the inside of the crossing portion 37 to the outside. By
this, since the liquid crystal alignment on the structural mem-
bers 4 and 6 can be stably set to have a desired orientation, the
drop in the transmittance can be suppressed.

[0289] As described above, according to this embodiment,
the response characteristics in the liquid crystal display for
controlling the liquid crystal alignment can be improved by
the structural member or the slit portion provided on the
substrate.

Eighth Embodiment

[0290] Next, a liquid crystal display according to an eighth
embodiment of the present invention will be described with
reference to FIGS. 55 to 62. This embodiment shows opti-
mum structural conditions of a liquid crystal panel capable of
improving the display response speed of an MVA-LCD. An
example of liquid crystal panel conditions of a conventional
MVA-LCD is such that a cell gap dis 4.0 um, and An (refrac-
tive index anisotropy) of liquid crystal is 0.0822. In the con-
ventional MVA-LCD, since a contrast ratio when viewed
from the front is very high, a viewing angle characteristic is
very wide, and a response property between white and black
is also fast, it is excellent as a still picture monitor of a PC
(Personal Computer) or the like. However, since the response
speed at a halftone (gray scale) is not good, if it is used as a
monitor for coping with motion pictures, there is a case where
“persistence of vision” and “display blur” occur.
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[0291] FIGS. 55 and 56 are views for explaining a problem
to be solved by this embodiment. In FIG. 55, the horizontal
axis indicates the attained transmittance (%), and the vertical
axis indicates the response speed Ton (ms; millisecond), and
in the MVA-LCD, the drawing shows the response speed Ton
from a zero gradation at which start transmittance is about 0%
and a display screen is fully black to the attained transmit-
tance of a predetermined gradation.

[0292] In FIG. 56, the horizontal axis indicates the start
transmittance (%) after the change of gradation, and the ver-
tical axis indicates the response speed Toff (ms), and in the
MVA-LCD, the drawing shows the response speed Toff from
apredetermined gradation to a display screen of fully black in
which the attained transmittance is about 0%.

[0293] As is apparent from FIG. 55, there is a halftone at
which the response speed Ton at the time when the black
display is changed to gray (halftone) exceeds 100 ms.
Besides, as is apparent from FIG. 56, there is a halftone at
which the response speed Toff at the time when the halftone is
changed to black exceed 20 ms. Especially, at the low
response speed of Ton, when the liquid crystal monitor is
made to produce a motion picture display, line (tail) draw or
the like occurs, and a satisfactory motion display can not be
obtained.

[0294] The MVA system using the vertically aligned liquid
crystal molecules uses an ECB effect (Electric-field Control
Birefringence effect), and in general, the response speed T
relating to the electro-optic characteristics is given by the
following expression.

T,70,4% (€ IAEI VK 33m%)

1N (K3m)
T,: rising time (MVA: black—white)
T fulling rime (MVA: white—black)
M, VISCOosity parameter
Ks;5: elastic parameter (bend)
d: cell gap
&,: relative dielectric constant
A€&: dielectric anisotropy (liquid crystal material)
V: applied voltage
[0295] The above expression means that if the viscosity of
the liquid crystal material is made low, the cell gap is made
small, the dielectric anisotropy ofthe liquid crystal material is
made large, the applied voltage is made high, or the elastic
constant is made small, the response speed T of the liquid
crystal cell becomes small and the response performance of
the MVA-LCD is improved.
[0296] Conventionally, attempts to raise the response speed
by decreasing the cell gap d of the MVA-LCD and decreasing
the viscosity of the liquid crystal have been made. Especially,
as is apparent from the above expression, if the cell gap d is
made small, the effect can be obtained by the square thereof.
[0297] However, if the cell gap d is simply made small, the
transmittance of the liquid crystal cell is lowered, and the
display of the liquid crystal monitor or the like becomes dark.
In order to prevent this, in compensation for the small cell gap
d, it is necessary to use liquid crystal having large An. How-
ever, in the liquid crystal material having large An and a
negative dielectric anisotropy, its viscosity is apt to become
relatively large, and it becomes necessary to prevent this to a
minimum.
[0298] Besides, in the MVA-LCD, even if the cell gap d is
simply made small or the applied voltage is made high, as is
pointed out in the foregoing embodiments, there is a case
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where the response time T can not be made high by the
alignment deviation (¢ deviation) of liquid crystal molecules
generated in the vicinity of the linear projection (bank) or the
slit portion as the alignment regulating structural member. In
order to avoid this and to make the cell gap d small, it is
necessary to provide an alignment regulating structural mem-
ber meeting various conditions.

[0299] Incidentally, in general, when the cell gap d
becomes small, a time required for injecting liquid crystal
into a space between two opposite glass substrates becomes
long. Especially, the viscosity of the vertical alignment type
liquid crystal used for the MVA system is apt to become
relatively large and the time of liquid crystal injection
becomes long. Accordingly, when the cell gap dis made small
in the MVA-LCD, there arise a problem that a disadvantage
occurs in mass production as compared with the TN type
LCD or the like. Thus, it is necessary to adopt an MVA-LCD
manufacturing method in which even if the cell gap d is made
small, the disadvantage does not occur in the mass production
process, and the manufacturing cost is also made equivalent
or can be reduced.

[0300] FIG. 57 is a graph showing the dependency of
response characteristics of a liquid crystal display on the cell
gap (cell thickness). The horizontal axis indicates the attained
transmittance (%). and the vertical axis indicates the response
speed Ton (ms). Table 3 shows the relation between the
attained transmittance and the response speed Ton at respec-
tive cell thicknesses of the graph of FIG. 57. Incidentally, the
liquid crystal material of the MVA-LCD shown in FIG. 57
and Table 3, the bank height and bank width of a bank-like
alignment regulating structural member, and the gap width of
the bank are formed under the same conditions as the MVA-
LCD having the characteristics of FIGS. 55 and 56.

TABLE 3

Cell Cell Cell

Transmittance thickness = thickness = thickness =
(%) 2 us 3ps 4 ps
2.5 52 103 180
5 36 72 132
10 30 68 121
15 24 61 112
25 19 47 85
50 26 29 55
75 55 20 38
100 122 45 18

[0301] As shown in FIG. 57 and Table 3, when the cell gap
d is made small, at the side where the attained transmittance
is near 0%, the response speed becomes high. However, at the
point where the attained transmittance becomes 100%, the
response speed does not necessarily become high. This is
because when the cell gap d becomes small, in the case of a
high applied voltage (for example, 5 V), an electric field of
excessive intensity is applied, so that an excessive alignment
occurs and it takes a time to fix the alignment direction of the
liquid crystal molecules. As the cell gap d becomes small, the
excessive electric field is applied, so that the minimum point
of the response speed is moved to the side of low attained
transmittance. Asa result of various examinations as stated
above, it has been found that in the case where the cell gap d
is made small, the effect on the response speed does not
simply appear by the square of the cell gap d, but the influence
on therealization of a high speed response is greater than that.
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[0302] Incidentally, the material design of a liquid crystal
material having a negative dielectric anisotropy is relatively
difficult as compared with other liquid crystal materials.
Thus, as a liquid crystal material satisfactorily used for a
motion picture display in an active matrix type display pro-
vided with TFTs as switching elements, the upper limit of An
i80.151t0 0.17.

[0303] As aresult of various examinations, conditions have
been found in which the transmittance equivalent to the prior
art can be obtained, and a high speed response at a halftone
can be realized. First, it has been found that in order to
satisfactorily cope with a motion picture display, it is appro-
priate that the cell gap d 1s 2.0 um or less, and An of the liquid
crystal material to be used is 0.1500 or more.

[0304] Besides, in the case of the liquid crystal cell of the
ECB type such as the MVA system, since the transmittance
depends on retardation An-d, very large An-d can not be
adopted. As a result of various examinations, it has been
found that as the range in which the high speed response can
be realized while the characteristics of the MVA system are
kept, the range in which An-d is from 0.30 nm to 0.42 nm is
suitable.

[0305] Inorderto obtain the liquid crystal having the nega-
tive dielectric anisotropy and large An, it is effective that (1) a
negative component compound having large An is intro-
duced, or (2) a neutral material compound having large An is
used.

[0306] In the case of the condition (2), it is desirable to use
aliquid crystal material having no tolan system component. If
a tolan system compound exists, the stability and life of the
liquid crystal cell are lowered. Accordingly, a liquid crystal
material having no tolan system component is advantageous
for an active matrix LCD required to satisfy strict electric
characteristics. Thus, it is desirable to use a liquid crystal
material constituted by a liquid crystal compound containing
no unsaturated bonding.

[0307] Besides, when liquid crystal molecules in the liquid
crystal cell are tilted in two or more directions at the time of
voltage application, the response characteristics and viewing
angle characteristics become excellent, and a multi-domain
structure is desirable. In order to tilt the liquid crystal mol-
ecules in multiple domains and in plural directions at the time
of voltage application, it is desirable that an alignment regu-
lating structural member such as a bank or a projection is
formed on a substrate surface of at least one of two opposite
substrates, or an alignment regulating structural member of a
slit-like pattern formed by partially removing a pixel elec-
trode 1s formed.

[0308] In general, in the MVA-LCD, the alignment regu-
lating structural member such as the bank or the projection is
formed on both of the two opposite substrates, or the align-
ment regulating structural member such as the bank or the
projection is formed on one of the substrates, and the align-
ment regulating structural member of the slit-like pattern
formed by partially removing an electrode is formed on the
other substrate.

[0309] With respect to the response speed, it is known that
to form the alignment regulating structural member such as
the bank or the projection on both of the two opposite sub-
strates is suitable. Also in the liquid crystal panel of this
embodiment in which the cell gap d was made small, in the
case where the alignment regulating structural member such
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as the bank or the projection was formed on both of the two
opposite substrates, the high speed response could be most
certainly obtained.

[0310] FIG. 58 is a graph showing the relation between the
height of a bank of a liquid crystal display and the contrast
ratio. The horizontal axis indicates the height (um) of the
bank, and the vertical axis indicates the contrast ratio. Table 4
shows the relation between the height of the bank and the
contrast ratio at respective cell thicknesses of the graph of
FIG. 58. Incidentally, the liquid crystal material of the MVA-
LCD shown in FIG. 58 and Table 4 is liquid crystal material
A having a negative dielectric anisotropy, a space width
between banks of a panel having a cell gap d=4 pm is 25 pm,
and a space width between banks of a panel having a cell gap
d=2 um is 15 pm. The width of the bank is 10 pm in both.

[0311] From FIG. 58 and Table 4, in order to keep the
contrast ratio high, itis understood that the height of the bank
is also important. Even if the height of the bank is equally 1.5
um, in the case where the cell gap d of the liquid crystal cell
is large, since the influence of a taper (tilt portion) of the bank
of 1.5 um is very small, it is not concerned in light leak at the
time of black display, and the contrast ratio becomes high. In
the panel having the cell gap of 4.0 um, if the height of the
bank is 1.7 pm or less, a very high contrast ratio can be kept.
On the other hand, when the cell gap d becomes 2.0 pm, the
light leak becomes high when the height of the bank is 1.5 pm.
In the case where the cell gap d is small, since the margin
region of the light leak with respect to the height of the bank
becomes small, in order to keep a high contrast ratio, it
becomes necessary to make the height of the bank equivalent
to the cell gap d or less.

TABLE 4

Contrast ratio

Cell thickness = Cell thickness =
Height of bank 4.0 um 2.0 pm
0.3 701 674
0.5 692 658
0.7 680 645
1.0 638 593
1.2 655 380
1.4 620 212
1.7 613 181
[0312] With respect to the height of the bank of the align-

ment regulating structural member, in the conventional MVA-
LCD having the cell gap d=4 pm, itis 1.3 pmto 1.5 pm. If the
height of the bank of the liquid crystal panel of this embodi-
ment having the small cell gap d is formed to be equal to the
conventional bank height, the vertical alignment film on the
bank acts intensely between the opposite substrates and the
light leak in the black state occurs, so that the black level on
amonitor display is lowered and the contrast ratio is lowered
(see FIG. 58 and Table 4). Besides, when spacer dispersion or
the like is considered, in order to obtain the uniform cell gap,
it is desirable that the height of the bank is low, and the yield
in mass production is also good. Accordingly, it is desirable
that the height of the bank which realizes the high speed
response and is also advantageous in mass production is 1.0
um or less.

[0313] FIGS. 59 to 61 are graphs showing the space width
(pitch) dependency of response characteristics of a liquid
crystal display. The horizontal axis indicates the attained
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transmittance (%), and the vertical axis indicates the response
speed Ton (ms). FIG. 59 shows a case of the cell gap d=4 pum,
FIG. 60 shows a case of the cell gap d=3 um, and FIG. 61
shows a case of the cell gap d=2 um. Tables 5 to 7 respectively
show the relation between the attained transmittance and the
response speed Ton at respective space widths of the graphs of
FIGS. 59 to 61. The liquid crystal material, the bank height,
and the bank width of the MVA-LCD shown in FIGS. 59 to 61
and Tables 5 to 7 are formed under the same conditions as the
MVA-LCD having the characteristics of FIGS. 55 and 56.

[0314] As is apparent from FIGS. 59 to 61 and Tables 5 to
7, when the cell gap d becomes small, since the alignment
disturbance of the liquid crystal occurs at the time of voltage
application, and the response speed Ton is lowered, it is
necessary that the space width between adjacent alignment
regulating structural members is made smaller than 25 um of
the conventional case.

[0315] 1In the conventional case of the cell gap d=4.0 pm
shown in FIG. 57, since the response characteristics do not
have a minimum point, as shown in FIG. 59, if the space width
is made small, the response characteristics are directed
toward the improvement as they are.

[0316] Inthe case where the response characteristics havea
minimum point as in the case where the cell gap d is 3.0 um or
2 um, as shown in FIGS. 60 and 61, it is effective that the
space width is made small. It is conceivable that this is
because the effect of the bank controlling the alignment is
exerted. It is conceivable that since the liquid crystal mol-
eculestobealigned in the ideal direction in the plane resist the
intensity of the electric field in the cell gap direction, for
example, even if a voltage of 5 V is applied between the
substrates at both sides of the liquid crystal, a surplus align-
ment change is not produced, so that the effect of the cell gap
is exerted. It has been found that in the case where the cell gap
is 3.0 um, the generation of a minimum point can be sup-
pressed when the space width is 20 um or less, and in the case
where the cell gap is 2.0 pm, the generation of a minimum
point can be suppressed when the space width is 15 um or less.

[0317] Incidentally, it is not always appropriate that the
space width is small. This relates to the transmittance of the
liquid crystal cell and the contrast ratio. For example, when a
voltage of 5V is applied to the liquid crystal cell, as the
transmittance becomes high, the display becomes bright.
When the space width between the banks is made small, this
transmittance becomes low. Besides, when the space width
becomes small, the bank region per unit area is increased. For
example, if the number of banks per pixel of the LCD
becomes large, light leak portions in the black display
become large, and the contrast ratio is lowered. This is
because the taper portion of the bank is inclined, and the
liquid crystal molecules are not aligned in the vertical direc-
tion with respect to the substrate, so that light leaks although
its amount is slight, and consequently, the contrast ratio is
lowered.

[0318] That is, when the number of banks per unit area is
made small, the display performance is improved in both the
transmittance and the contrast ratio. However, in view of the
response speed, in order to prevent a minimum point from
being generated, there are conditions where an optimum
space width is obtained with respect to the cell gap.

Jan. 30,2014

TABLE 5
Cell Space Space Space Space
thickness = width = width = width = width =
4 um 10 um 15 pm 20 pm 25 pm
25 93 150 161 180
5 68 107 116 132
10 60 95 106 121
15 57 88.1 97 112
25 44 64 75 85
50 27 43 46 55
75 21 28 35 38
100 17 16 17 18
TABLE 6
Cell Space Space Space Space
thickness = width = width = width = width =
3 um 10 pm 15 um 20 um 25 um
2.5 68 72 88 103
5 47 50 59 72
10 42 47 35 68
15 39 42 48 61
25 32 33 38 47
50 20 23 26 29
75 18 19 23 20
100 17 17 19 45
TABLE 7
Cell Space Space Space Space
thickness = width = width = width = width =
3 pm 10 pm 15 pm 20 pm 25 pm
25 33 41 47 52
5 28 32 34 36
10 27 29 28 30
15 22 24 22 24
25 21 22 18 19
50 19 21 17 26
75 18 19 36 55
100 17 21 70 122
[0319] FIG. 62 is a graph showing the relation between the

bank width and the panel transmittance. The horizontal axis
indicates the bank width (um), and the vertical axis indicates
the panel maximum transmittance (%) at the time of applica-
tion of 5 V. Table 8 shows the relation between the bank width
and the transmittance at respective cell gaps of the graph of
FIG. 62. Incidentally, the liquid crystal material of the liquid
crystal panel having a cell gap d=2 um is after-mentioned
liquid crystal C, the space width between adjacent banks is 15
um, and the bank height is 0.8 um. On the other hand, the
liquid crystal material of the liquid crystal panel having a cell
gap d=4 um is Liquid crystal A, the space width between
adjacent banks is 25 um, and the bank height is 1.5 pum.

TABLE 8

Transmittance (%)

Cell thickness = Cell thickness =
Bank width (pm) 4.0 pm 2.0 pm
3 8.4 204
3 17.6 20.8
10 223 18.7
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TABLE 8-continued

Transmittance (%)

Cell thickness = Cell thickness =
Bank width (pm) 4.0 um 2.0 um
15 20.2 15.6
20 14.6 13.9
[0320] When the space width between the banks becomes

short, in accordance with that, it becomes necessary to forma
relatively long bank width. When the bank width is small, the
loss region of the transmittance becomes small. However, the
bank width also relates to the space width between the banks,
and in the case where the space width is large, if the bank
width is not large to that extent, the alignment in the ideal
orientation can not be obtained. As in this embodiment, when
the cell gap d is made small, the space width is also made
small, and therefore, it becomes possible to decrease the bank
width as well. As a result of examinations, as shown in FIG.
62 and Table 8, it has been found that for the stability of
alignment and the prevention of luminance loss, the bank
widthincluding a manufacturing margin has only to be 3.0 um
or less.

[0321] In the case where the liquid crystal panel having a
small cell gap d is fabricated, in a conventional fabrication
method (vacuum dip injection method), an injection time
becomes long, and from a problem of tact, eventually, the
manufacturing cost is raised. Then, in the manufacture of the
liquid crystal display according to this embodiment, a drop-
ping injection method is used. The dropping injection method
has a merit in that the injection time can be shortened, and
especially, a liquid crystal display having an enlarged size and
a narrowed space greatly receives benefit of the merit.
[0322] Further, a liquid crystal material containing a liquid
crystal compound, which is suitable for the dropping injec-
tion method and has high volatility in vacuum, can be used,
and by the introduction of the liquid crystal compound, the
rotational viscosity (y1) of the liquid crystal material having
the negative dielectric anisotropy can be made small and the
response speed can be improved.

[0323] With respect to the liquid crystal compound having
high volatility in vacuum, since the composition ratio of the
liquid crystal material is changed by volatilization in the
conventional vacuum dip injection process of the TN type
LCD, the compound is judged to be unsuitable for mass
production and is not in use. However, although a time in
which the liquid crystal is put in vacuum is as long as about 6
to 7 hours in the vacuum dip injection process, it is about one
minute in the dropping injection step, which is an extraordi-
nary short time. Thus, it becomes possible to use the liquid
crystal compound having volatility in vacuum, which is rather
higher than that conventionally used, for mass production. As
a result of examinations, it has been confirmed that when the
material having high volatility is used, the rotational viscosity
v1 of theliquid crystal can be lowered by 20 to 30 percent, and
this also contributes to the improvement of the response speed
of the liquid crystal cell.

[0324] It is known that in general, when An of the liquid
crystal material becomes high, the wavelength dependency of
An becomes high. This means that in the liquid crystal panel,
the wavelength dependency becomes high in the voltage—
transmittance characteristics as well. Even in the liquid crys-
tal panel in which high speed can be realized, if the wave-
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length dependency is high, there is a case where coloring
occurs by a transmission spectrum, and chromaticity charac-
teristics are lowered. Especially, when a refractive index
anisotropy in the blue wavelength region becomes high and
the wavelength dependency of voltage-transmittance charac-
teristics of blue becomes high, as compared with green or red,
a color shift becomes noticeable. As a method of correcting
the color shift, a space width between a structural member
and a structural member in the pixel is changed, and a struc-
tural member pattern may be adopted in which the space
width becomes large in order of blue, green and red. Since the
blue wavelength region is substantially prominent, when the
space portion pitch in only the blue portion is made smaller
than that of green or red, the chromaticity characteristics are
greatly improved.

[0325] Hereinafter, specific examples will be described.
Example 1
[0326] Resist S1808 (made by Shipley) was patterned and

thermally hardened to form banks (width of 3 um) on a
substrate having an ITO electrode. After this substrate was
subjected to an asking processing, an alignment film using
vertical alignment film material X was formed by a spinner.
The height of the bank was made 0.7 um. Predetermined
spacers were scattered on one of the substrates, and the sub-
strates were bonded to each other by using a thermosetting
seal material, so that empty cells were fabricated (spacer: 2.0
um, 3.0 um, 4.0 um). When the substrates were bonded to
each other, the intervals (alignment control) between banks
and slit portions are 5 pm, 10 pm, and 15 pm. Liquid crystal
material A, liquid crystal B, liquid crystal C and liquid crystal
D, which were different from each other in Viscosity™An,
were respectively injected to these empty cells and were
sealed, and polarizing plates were bonded in crossed Nicols,
so that MVA cells were fabricated. The cell gap was obtained
by a cell thickness measurement device of Oak Seisakusho
Co., Ltd. The combinations of the liquid crystal B, the liquid
crystal C, the liquid crystal D and the cell gap are made such
that An-d values become equal to each other.

[0327] Here, Table 9 shows characteristics of the liquid
crystals A, B, C and D.

TABLE 9

Physical property values of liquid crystal materials

Liquid Liquid Liquid Liquid
crystal A crystal B crystal C crystal D
NI point 71° C. 70° C. 90° C. 70°C.
An 0.0822 0.1321 0.1535 0.1669
Ae -3.8 -3.8 -5.0 -4.1
K 13.6 11.3 14.7 12.6
K3 14.7 14.7 21.0 17.7
y1 135 187 320 234
[0328] T-V characteristics of the respective MVA cells

were measured, a voltage of 5.4 V causing an actual white
display was made 100%, and response times from 0% to 25%,
50%, and 100% were measured. As a result, it has been found
that as compared with the case where the cell gap is large (4.0
um), as the cell gap becomes small, the speed becomes high
especially in the halftone region. In the case where the cell
gap 1s small, the dependency on liquid crystal viscosity
becomes low, and restriction to the liquid crystal material
used for the MVA cell is relaxed.
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[0329] Since an alignment blur occurs at the time of high
voltage application when the space pitch between a bank
portion and a bank portion exceeds 15 pm, it has been found
that the space pitch is desirably 15 um orless. When the space
pitch is less than 15 pm, since the transmittance at the time of
voltage application in the T-V characteristics is lowered, it is
desirable that the space pitch is made 15 pm.

[0330] When the width of the bank portion was 3 um or
more, the transmittance was lowered as well, and a desirable
tendency was not obtained. In the case where the height of the
bank was 1.0 wm or more, since the transmittance at the time
of no voltage application was high, and the light leak
occurred, the contrast ratio became small, and an excellent
result was not obtained.

[0331] As described above, according to the liquid crystal
display of this embodiment, the response speed can be made
high, and especially, “persistence of vision” and “display
blur” which are the problem in the halftone display can be
relieved, and the display performance of the MVA-LCD can
be improved.

Ninth Embodiment

[0332] Next, an LCD according to a ninth embodiment of
the present invention will be described with reference to
FIGS. 63 to 72D. This embodiment relates to panel construc-
tion conditions of the LCD, and especially relates to the
improvement of the response speed of the VA system LCD
using a liquid crystal having a negative dielectric anisotropy.
[0333] Since the VA system LCD using the liquid crystal
having the negative dielectric anisotropy has a high contrast
and excellent response characteristics, various systems have
been developed. Especially, the MVA-LCD using multiple
domains is excellent in viewing angle characteristics, and is
mass-produced as a high performance liquid crystal monitor.
[0334] With the advancement of multimedia in recent
years, the demand for a motion picture monitor from a still
picture monitor has been raised, an LCD which completes a
response in one frame (16.7 ms) has been required. The
improvement of the response characteristics of the TN type
and the IPS type have been advanced, and also in the MVA-
LCD, the improvement of the response characteristics is
desired.

[0335] FIG. 63 explains a problem to be solved by this
embodiment, and shows the response characteristics of an
MVA-LCD at respective halftone levels before switching.
The horizontal axis indicates the halfione level after switch-
ing, and the vertical axis indicates the response time (ms)
required before and after switching. Here, the definition of a
halftone is illustrated in FIG. 64. FIG. 64 shows the lumi-
nance of transmitted light with respect to the applied voltage
in the MVA-LCD, and shows respective halftone levels. The
horizontal axis indicates the applied voltage (V), and the
vertical axis indicates the luminance of transmitted light
(a.u.). As shown in FIG. 63, when a complete white display
(halftone level 8) is obtained, the response time is short irre-
spective of the halftone level before the switching. However,
when a halftone display is obtained, since a response time of
several tens ms or longer is required, persistence of vision,
display blur or the like is caused on a monitor screen. Espe-
cially, when the switching is performed from the halftone
level 0to alow halftone level such as the halftone levels 1 and
2, along response time is required.

[0336] Besides, FIG. 65 explains a problem to be solved by
this embodiment, and shows the response characteristics of a
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VA system LCD at respective halftone levels before switch-
ing. Similarly to FIG. 63, the horizontal axis indicates the
halftone level after the switching, and the vertical axis indi-
cates the response time (ms). As shown in FIG. 65, when a
complete white display (halfione level 8) is obtained, the
response time is short irrespective of the halftone level before
the switching. However, when a halftone display is obtained,
since a response time of several tens ms or longer is required,
persistence of vision, display blur or the like is caused on a
monitor screen. Especially, when the switching is performed
from the halftone level 0 to a low halftone level such as the
halftone levels 1 and 2, a long response time is required.

[0337] The response characteristics of the VA system LCD
using the liquid crystal having the negative dielectric anisot-
ropy depends on parameters such as rotational viscosity y, of
aliquid crystal material, elastic constant K |, ofa spray, elastic
constant K, of a bend, and dielectric anisotropy A€. How-
ever, since these parameters have correlations between them,
it 1s difficult to optimize all the parameters.

[0338] The VA system LCD using the liquid crystal having
the negative dielectric anisotropy has response characteristics
capable of responding in one frame at all gradations when
rotational viscosity y, (unit is mPa-s) of a liquid crystal mate-
rial, elastic constant K, (unit is pN) of a spray, elastic con-
stant K (unit is pN) of a bend, dielectric anisotropy A€, and
acell gap d (unit is pm) satisfy
(1= LXK (+233.7)x(K33+36.9)(d=1.1)x (AE*31.

TAE+370.8AE2+1948.6AC+4304.2)=8.8x 108,  (expression 3)

[0339] Besides, the MVA-LCD in which the liquid crystal
having the negative dielectric anisotropy is sandwiched
between two substrates each having a surface subjected to a
vertical alignment processing, and an alignment regulating
structural member 1s formed on at least one substrate surface,
has response characteristics capable of responding in one
frame at all gradations when rotational viscosity y, (unit is
mPa-s) of a liquid crystal material, elastic constant K, (unit
is pN) of a spray, elastic constant K55 (unit is pN) of a bend,
dielectric anisotropy A, and a cell gap d (unit is wm) satisfy
4= LXK | +875.6)x (K 33+50.6)x (d*+2.7d°+9.5d+

430.8d+524.1)x(AE+31.74AE3+370.8AE%+

1948.6AE+4304.2)=1.6x1012, (expression 4)

[0340] Hereinafter, specific examples will be described.
Example 9-1
[0341] With respect to the response time of a VA system

LCD, the dependency on rotational viscosity ¥y, of a liquid
crystal material, elastic constant K, of a spray, elastic con-
stant K55 of a bend, dielectric anisotropy A€, and a liquid
crystal layer thickness d was simulated. FIG. 66 shows
parameter dependency of an on state response time in the VA
system LCD. The horizontal axis indicates the parameter
variation (%), and the vertical axis indicates the on state
response time variation At(%). As reference values of v,, K,
K;;5, A€ and d, typical values of a liquid crystal material
having a negative dielectric anisotropy shown in Table 10
were used.

TABLE 10

Y1 150 mPa-s
Ky 12 pN
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TABLE 10-continued TABLE 11
Kss 12 pN Liquid  Liquid  Liquid  Liquid  Liquid
Ae -3 crystal 1 crystal 2 crystal 3 crystal4  crystal 5
d 4 um
Y, (mPa-s) 178 135 99 99 7
K, ©N) 13.0 13.6 10.7 7.9 8.8
[0342] Asshown in FIG. 66, the degrees of influence ofthe ~ Xa3 ®N) 14.9 147 129 9.6 10.5
tive parameters on the response characteristics are A 37 348 34 -2 -9
respective p P d (um) 1.6 17 20 1.5 20

greatly different from one another. Besides, as shown in FIG.
65, under the conditions shown in Table 10, the response time
from the halftone level 0 to the halftone level 1, which
requires the longest time in the response characteristics of the
VA system LCD, was 69.5 ms.

[0343] A variation ofthe response time in the on state by y,
is made At (y, ). A variation of the response time in the on state
by K, is made At (K, ), and a variation of the response time
in the on state by K ; is made At (K,;). Besides, a variation of
the response time in the on state by A€ is made At (A€), and
a variation of the response time in the on state by d is made At
(d). When the least square method is used for the results
obtained in FIG. 66, At (y,), At (K, ), At (K5;), At (AE), and
At (d) are respectively expressed as follows:

A2(y)=7.4667x1073y,~1.008 (expression §)
AH(K | )=4.044x1073K,-0.055 (expression 6)
A#(K33)=1.938x102K5,-0.285 (expression 7)

AHAE)=1.3826x10 A€ +4.3821x102AE3+51.
2690x102AE%+2.6942AE+4.9511 (expression 8)

A(d)=0.3394-1.354 (expression 9)

[0344] Ifthe response time from the halftone level O to the
halftonelevel 1, which is the slowest response time, is 16.7 ms
or less, a response in one frame can be realized at all grada-
tions. When the response time variation by all the parameters
is considered, a variation f of the response time in the VA
system LCD when v, K,,, K;,;, A€ and d are changed is
expressed as follows:

SEAHA )T [1+AKK )] [1+A0(K 33) | [1+A(AE) ][ 1+
Ar(d)] (expression 10)

[0345] Since the response time from the halftone level 0 to
the halftone level 1, which is the slowest response time, is
69.5 ms, in order to make this 16.7 ms or less, the following
condition must be satisfied.

[Mathematical formula 1]
f=1-(69.5-16.7)/69.5 (expression 11)

[0346] When the expressions (5) to (10) are substituted for
the expression (11), the following expression is obtained.

(1= LXK 1 +233.7)x (K 33+36.9)x(d-1.1)x (A€*+31.
TAS +370.8AS%+1948,6AE+4304.2)=8.8x10%  (expression 12)

Example 9-2

[0347] A VA system LCD was fabricated by using a liquid
crystal material shown in Table 11. As an alignment film, a
vertical alignment film material X was used, and rubbing was
performed six times (extrusion amount of 0.2 mm) with
nylon. Table 11 shows parameters of the liquid crystal mate-
rial. In any of liquid crystals 1 to 5 shown in Table 11, the
expression (12) is established.

[0348] FIG. 67 shows results obtained when the response
characteristics in the on state are measured. F1G. 67 shows the
response characteristics of the VA system LCD using the
liquidcrystals 1 to 5 shown in Table 11 for every liquid crystal
material. The horizontal axis indicates the transmittance (%)
after switching, and the vertical axis indicates the response
time (ms). Here, the transmittance before switching (black
display state at an applied voltage of 0V) is made 0%, and the
transmittance when the applied voltage is 5 V is made 100%.
As shown in FIG. 67, in any cases, the response characteris-
tics of 16.7 ms or less are realized, and the validity of the
expression (12) can be confirmed.

[0349] In the liquid crystal materials shown in Table 11, in
order to improve the response characteristics, the respective
parameters are assumed to be realistic. In the liquid crystal 1,
a case where the rotational viscosity vy, is large is assumed,
and the cell gap d is made small so that the response charac-
teristics are improved. In the liquid crystal 2, the dielectric
anisotropy A€ is made large so that the response character-
istics are improved. In the liquid crystal 3, the rotational
viscosity y, is made small so that the response characteristics
are improved. In the liquid crystal 4, if y; is made small in an
actual liquid crystal material, the elastic constants K, K55
and A€ tend to decrease, and accordingly, the cell gap d is
made small so that the response characteristics are improved.
Inthe liquid crystal 5, y, is made smaller than that of the liquid
crystal 3 so that the response characteristics are improved.

Example 9-3

[0350] FIG. 68 shows a sectional construction of an MVA-
LCD. A liquid crystal layer 3 is sealed between two glass
substrates 1 and 2 which have a predetermined cell gap d and
are bonded opposite to each other. Transparent electrodes 11
and 12 made of ITO are respectively formed on opposite
surfaces of the two opposite substrates 1 and 2. Besides,
polarizing plates 30 arranged in crossed Nicols are formed on
outside surfaces of both the substrates. A plurality of linear
projections 4 are formed on the transparent electrode 11 of the
substrate 1. On the other hand, a plurality of linear projections
6 arranged at the same pitch as the linear projections 4 and
shifted from the linear projections 4 by a half pitch are formed
on the transparent electrode 12 of the substrate 2. Each of the
linear projections 4 and 6 is formed to have a width w and a
height h. The linear projections 4 and the linear projections 6
have spaces s in a substrate surface direction.

[0351] FIG. 69 shows a propagation state of tilts of liquid
crystal molecules in the MVA-LCD. As shown in FIG. 69,
since the tilt of the liquid crystal molecule in the vicinity of
the linear projection 6 in a predetermined orientation is suc-
cessively propagated to the space s between the linear pro-
jections 4 and 6 shown in FIG. 68, the MVA-LCD has
response characteristics different from the VA system.
[0352] With respect to the response time of the MVA-LCD
shown in FIG. 68, the dependency on rotational viscosity y, of



US 2014/0028935 A1l

aliquid crystal material, elastic constant K |, of aspray, elastic
constant K, of a bend, dielectric anisotropy A€, and a cell
gap d was simulated. Here, the space s between the linear
projections 4 and 6 is set to 25 pum, the height h is set to 1 pm,
and the width w is set to 5 pm, respectively, and the liquid
crystal material shown in Table 10 is used as the standard.
FIG. 70 shows the parameter dependency of the on state
response time in the MVA-LCD. As shown in FIG. 70, the
degrees of influence of the respective parameters on the
response characteristics are greatly different from one
another. Besides, as shown in FIG. 63, under the conditions
shown in Table 10, the response time from the halftone level
0to the halftone level 1, which required the longest time in the
response characteristics of the MVA-LCD, was 91.5 ms.
[0353] A variation ofthe response time in the on state by y,
is made At' (y,). A variation of the response time in the on state
by K, is made At' (K, ), and a variation of the response time
in the on state by K, ismade At' (K;). Besides, a variation of
the response time in the on state by A€ is made At' (A€), and
avariation of the response time in the on state by d is made At'
(d). When the least square method is used for the results
obtained in FIG. 70, At' (v,), At' (K, ), At' (K55), At' (A€) and
At' (d) are respectively expressed as follows:

APy, )=7.4667x1073y,-1.008 (expression 13)

AP(K,)=1.125x107K | -0.015 (expression 14)

A?(K33)=1.531x1072K3-0.225 (expression 15)

AP(AE)=1.3826x 10 AE*+4.3821x1072AE3+51.

2690x102AE2+2.6942AE+4.9511 (expression 16)

AP(d)=6.5120x1074d*+1.7511x103dP+6.2138x 10"

3d%+0.28053d-0.65873 (expression 17)

[0354] In order to realize a response in one frame at all
gradations, if the response time from the halftone level 0 to
the halftone level 1, which is the slowest response time, is
16.7 ms or less, the response inone frame can be realized at all
gradations. When the variation of the response time by all the
parameters is considered, a variation f' of the response time of
the MVA-LCD when v,, K, |, K53, A€ and d are changed is
expressed as follows:

ST ] [I+AL K )] [1+AL(K33) | [1+AL(AS) )

[1+Ar(Ad)] (expression 18)

[0355] Since the response time from the halftone level 0 to
the halftone level 1, which is the slowest response time, is
91.5 ms, in order to make this 16.7 ms or less, the following
condition has only to be satisfied.

[Mathematical formula 2]

F=1-(91.5-16.7)/91.5

[0356] Whentheexpressions (13)to (18)are substituted for
the expression (19), the following expression is obtained.

(expression 19)

- LXK | +875.6)x (K 33+ 50.6)x (d*+2.7d°+9.5d+
430804524, )x(AE*+31. 7A€ *+370.8AC%+1948.
6AE+4304.2)<1.6x1012 (expression 20)

Example 9-4

[0357] FIG. 71 shows a sectional construction of an MVA-
LCD according to this example. As shown in FIG. 71, in the
MVA-LCD according to this example, instead of the linear
projections 6 shown in FIG. 68, slits 8 are formed on the glass
substrate 2. Besides, in addition to the combination of the
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linear projections 4 and the slits 8, even if the slits 8 are
formed on both the glass substrates 1 and 2, the MVA-LCD
can be realized.

Example 9-5

[0358] A vertical alignment film material X was used for
alignment films 11 and 12, and resist LC-200 of Shipley was
used for linear projections 4 and 6, so that an MVA-LCD was
fabricated. Each of the linear projections 4 and 6 was formed
to have a width of 5 pm and a height of 1 pm. Liquid crystal
material A having a negative dielectric anisotropy was used as
the liquid crystal material. FIGS. 72A to 72D show results of
a microscopic observation of transient response characteris-
tics of the MVA-LCD in which the space s is changed. FIG.
72A shows the result when the space s is 6 pm, and FIG. 72B
shows the result when the space is 15 um. FIG. 72C shows the
result when the space s is 30 pm, and FIG. 72D shows the
result when the space s 1s 45 um. Applied voltage was made 5
V for the respective cases. As shown in FIGS. 72A to 72D,
when the space s becomes 30 um or more, a uniform align-
ment can not be obtained.

[0359] Table 12 and Table 13 show the relation between the
space and the alignment state of liquid crystalin this example.
Table 12 shows the alignment states when the space sis 15 pm
or less, and Table 13 shows the alignment states when the
space is 20 um or more. In the tables, the alignment states are
denoted by O, A and x. The symbol C denotes that a uniform
alignment is obtained, and A denotes that a uniform alignment
is obtained though several domains are generated. The sym-
bol x denotes that a number of domains are generated and a
uniform alignment is not obtained.

TABLE 12
Space s (um) 5 6 7.5 10 12.5 15
Alignment state o o o c o o
TABLE 13
Space s (Lum) 20 25 30 40 50 75
Alignment state o A X X X X

[0360] As shown in Table 12 and Table 13, if the space s is
25 um or less, the uniform alignment is obtained. On the other
hand, if the space s is larger than 25 um, a number of domains
are generated in the space portion, and the uniform alignment
is not obtained.

[0361] When the space s is 25 pm or less, as shown in FIG.
69, since the tiltin a predetermined orientation is successively
propagated from the linear projection 6, the uniform align-
ment is obtained. On the other hand, when the space s is larger
than 25 pm, there is a region which is tilted in a different
orientation before the tilt is propagated from the linear pro-
jection 6. Thus, a number of domains are generated and the
uniform alignment is not obtained. Accordingly, in the MVA-
LCD, it is necessary that the space s is made 25 um or less.

Example 9-6

[0362] Inorderto improve viewing angle characteristics, it
is also possible to provide an optical compensation layer as
optical compensation means between a polarizing plate and a
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glass substrate. As the optical compensation layer, a uniaxial
or biaxial phase difference film can be used.
[0363] As described above, in the liquid crystal display
according to this embodiment, the response speed can be
made high, and persistence of vision, display blur or the like,
which becomes a problem in display, can be relieved, and this
embodiment can contribute to the improvement of display
performance of the VA type liquid crystal display.
[0364] As described above, according to the present inven-
tion, it is possible to suppress the drop in the transmittance
and to improve the response characteristics. Besides, accord-
ing to the present invention, it is possible to suppress the
deterioration of the response characteristics and to improve
the transmittance.
1. (canceled)
2. A liquid crystal display comprising:
a first substrate and a second substrate arranged opposite to
each other to form a gap;
a first alignment film provided on the first substrate at the
gap side;
asecond alignment film provided on the second substrate at
the gap side;
a cured material being provided on at least one of the first
alignment film and the second alignment film at the gap
side;
aliquid crystal layer of liquid crystal molecules provided in
the gap;
a pixel electrode including a plurality of elongated mem-
bers arranged with spaces therebetween and provided on
the first substrate at the gap side, wherein the plurality of
elongated members are electrically connected to each
other;
a common electrode configured to apply a voltage to the
liquid crystal layer in cooperation with the pixel elec-
trode and provided on the second substrate at the gap
side,
wherein the plurality of elongated members includes:
first elongated members extending in a first direction in
plan view;

second elongated members extending in a second direc-
tion in plan view which makes substantially 90
degrees with respect to the first direction;
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third elongated members extending in a third direction
in plan view which makes substantially 180 degrees
with respect to the first direction; and
forth elongated members extending in a fourth direction
in plan view which makes substantially 180 degrees
with respect to the second direction,
wherein the cured material regulates alignment directions
of the liquid crystal molecules.
3. The liquid crystal display of claim 2, wherein:
the first alignment film and the second alignment film are
vertical alignment films.
4. The liquid crystal display of claim 2, further comprising:
a pixel region provided in the liquid crystal layer corre-
sponding to the pixel electrode, wherein
the pixel region is divided into a first domain, a second
domain, a third domain and a fourth domain at the time
of the voltage being applied to the liquid crystal layer;
and
the liquid crystal molecules in one of the first, second, third
and fourth domains align in substantially the same direc-
tion.
5. The liquid crystal display of claim 4, wherein:
the boundary of the pixel region includes at least one edge
line extending in a fifth direction which makes substan-
tially 45 degrees with respect to the first, second, third
and fourth directions.
6. The liquid crystal display of claim 2, wherein:
the distance between neighboring two of at least one of the
first, second, third and fourth elongated members is the
same.
7. The liquid crystal display of claim 2, wherein:
the width of each of at least one of the first, second, third
and fourth elongated members is different from a width
of the space between a pair of the at least one of the first,
second, third and fourth elongated members.
8. The liquid crystal display of claim 7, wherein:
the width of each of at least one of the first, second, third
and fourth elongated members is larger than the width of
the space between a pair of the at least one of the first,
second, third and fourth elongated members.
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