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FIG. 1 (Prior Art)
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FIG. 15
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LIQUID CRYSTAL DISPLAY APPARATUS
AND MANUFACTURING METHOD
THEREFOR

[0001] This is a divisional of application Ser. No. 11/712,
695, filed Mar. 1, 2007, which is a divisional of application
Ser. No. 10/803,811, filed Mar. 18, 2004, now U.S. Pat. No.
7,253,438.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play apparatus which can implement high transmittance,
high-speed response and a wide viewing angle. More specifi-
cally, the present invention relates to a liquid crystal display
apparatus where a liquid crystal is sealed in between two
substrates, and the manufacturing method therefor, and par-
ticularly to a liquid crystal display apparatus where a liquid
crystal, to which a polymerizable compound (polymer com-
ponent) is added, is sealed between two substrates, then an
alignment control layer or polymer network is formed by
polymerizing the polymerizable compound, and the manu-
facturing method therefor. Also the present invention relates
to ahigh image quality liquid crystal display apparatus which
has characteristics in the movement mode of the liquid crys-
tal.

[0004] 2. Description of the Related Art

[0005] Recently liquid crystal display apparatus are being
used in a variety of applications because of such features as
thinness, light weight, low voltage driving and low power
consumption. The display characteristics are now equivalent
to those of a CRT, and are therefore used for such applications
as monitors or TVs, where conventionally CRTs have been
primarily used.

[0006] A general liquid crystal display apparatus has a
structure where a liquid crystal is sealed between two sub-
strates. On one of the substrates, thin film transistors (here-
after called TFT) and pixel electrodes are formed, and on the
other substrate, a common electrode, color filters, etc. are
formed. Hereafter a substrate where TFTs and pixel elec-
trodes are formed is called a TFT substrate, and the substrate
which faces the TFT substrate is called a counter substrate.
[0007] As a liquid crystal display apparatus which has
superb viewing angle characteristics and contrast character-
istics, an MVA (Mult-domain Vertical Alignment) liquid
crystal display apparatus has been known (e.g. Japanese
Patent No. 2947350). In an MVA liquid crystal display appa-
ratus, a liquid crystal aligns in the vertical direction with
respect to the substrate surface when no voltage is applied,
and the orientation to which a liquid crystal is tilted is regu-
lated by bumps or dents formed on the substrate face or by
slits formed on electrodes, when voltage is applied.

[0008] FIG. 1 shows an example of a patterned pixel elec-
trodes structure in an MVA liquid crystal display apparatus.
This pixel electrode is comprised of a cross-shaped main
region 1 and four branch regions which linearly extend in 45°,
135°, 225° and 315° orientations. In a branch section, the
width of the electrode sections and the slit sections are about
3 um, respectively. The electrode on the substrate facing this
(not illustrated) is a one-plane electrode which is uniform on
the entire surface.

[0009] Ifvoltageis applied to electrodes where fine slits are
formed, as shown in FIG. 1, a liquid crystal tends to tilt in the

Apr. 21,2011

directions along the slits. In the case of FIG. 1, if voltage is
applied, liquid crystal molecules 4 in the neighboring area 3
of the main region start to tilt along the slit directions as
illustrated, the behavior of the liquid crystal molecules propa-
gate to the liquid crystal molecules in the branch regions,
which sequentially tilt along the slit directions. As a result, the
liquid crystal layer forms a pattern according to the pattern
provided by the electrodes which exist outside, and a four-
domain alignment, where liquid crystal molecules tilt in four
orientations (directions) respectively in the four branch
regions, is implemented.

[0010] However, it takes time for all the liquid crystal mol-
ecules to finally tilt, since the behavior of the liquid crystal
molecules near the main region propagate into the peripheral
area when voltage is applied. Also if the branch regionis long,
liquid crystal molecules may tilt in the orientation B, that is
the opposite of the proper orientation A to which the liquid
crystal molecules are supposed to tilt, in a branch region away
from the neighboring area of the main region. This is probably
because the liquid crystal molecules tilt before the behavior of
the liquid crystal molecules of the neighboring area of the
main region propagate into the peripheral area. In this case, a
boundary region is formed between A and B, and causes a
drop in light transmittance since this boundary region does
not transmit light when voltage is applied.

[0011] As a means of solving the above problem, a method
of applying voltage on the liquid crystal layer, which has been
formed by sealing a liquid crystal composition comprising a
liquid crystal and a polymerizable compound so as to control
the alignment, and irradiating active energy rays onto the
substrate surface so as to polymerize the compound, has been
proposed for MVA liquid crystal display apparatuses (see
Japanese Unexamined Patent Application Publication No.
H7-43689 (Claims), Japanese Unexamined Patent Applica-
tion Publication No. H9-146068 (Claims), and Japanese
Unexamined Patent Application Publication No.
H10-147783 (Claims)).

[0012] In the case of sealing a liquid crystal composition,
which comprises a liquid crystal and a polymerizable com-
pound, in an MVA type liquid crystal display apparatus which
has an electrode pattern shown in FIG. 1, for example, the
generation of liquid crystal molecules which tilt in the oppo-
site orientation, as shown in B in FIG. 1, can be prevented by
gradually increasing the applied voltage over time when the
voltage is applied to implement the four-domain alignment,
as described above. So the compound is polymerized by
irradiating active energy rays onto the panel face in this status.
Then the compound is polymerized and the tilting orientation
or tilting direction of the liquid crystal in the voltage applied
status 1s fixed.

[0013] Inthe liquid crystal display apparatus manufactured
in this way, the liquid crystal is somewhat inclined (tilted) in
the tilting direction with respect to the vertical direction, even
when no voltage is applied. Therefore the response speed is
improved when voltage is applied, and a uniform and consis-
tent alignment status is implemented. For this type of liquid
crystal display apparatus, a liquid crystal display apparatus
with high transmittance is implemented because bumps, etc.,
which cause the drop in transmittance, need not be formed. In
other words, in the case of such an MVA liquid crystal appa-
ratus, high transmittance, high-speed response and uniform
and consistent alignment status can be implemented com-
pared with conventional MVA type liquid crystal apparatuses.
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[0014] However inthis system, it is necessary to pattern the
electrodes to regulate the tilting direction of the liquid crystal,
which can be the cause of fluctuation in quality, complicated
processing, dropping the yield and increasing cost. Particu-
larly in the case of forming fine slits as shown in FIG. 1,
transmittance is changed by a slight fluctuation of patterning,
so a very high precision manufacturing process is demanded.
[0015] Now the MVA liquid crystal display apparatus will
be more fully described. FIG. 2 is a cross-sectional model
view depicting an example of a conventional MVA type liquid
crystal display apparatus. This MVA liquid crystal display
apparatus has a structure where a liquid crystal 70, of which
the dielectric constant anisotropy is negative, is sealed
between a TFT substrate 50 and a counter substrate 60. Polar-
izing plates (not illustrated) are disposed respectively under
the TFT substrate 50 and on the counter substrate 60 such that
the polarization axes are perpendicular to each other.

[0016] The TFT substrate 50 is comprised of a glass sub-
strate 51, pixel electrodes 52, which are formed on the liquid
crystal 70 side surface (top surface in FIG. 2) of the glass
substrate 51, and a vertical alignment control film 53 which
covers the surface of the pixel electrodes 52. The pixel elec-
trodes 52 are made of a transparent conductor, such as ITO
(Indium-Tin Oxide), and the vertical alignment control film
53 is made of a polyimide, a polyamic acid or the like.
[0017] The counter substrate 60, on the other hand, is com-
prised of a glass substrate 61, a common electrode 62, which
is formed on the liquid crystal 70 side surface (bottom surface
in FIG. 2) of the glass substrate 61, bumps for domain regu-
lation 63 which are formed on the common electrode 62, and
a vertical alignment control film 64 which covers the surface
of the common electrode 62 and the bumps 63. The common
electrode 62 is made of a transparent conductor such as ITO,
and the vertical alignment control film 64 is made of a poly-
imide. a polyamic acid or the like. The bumps for domain
regulation 63 are formed by a photoresist, for example.
[0018] FIG. 3A and FIG. 3B are model diagrams depicting
the operation of the MVA liquid crystal display apparatus. As
FIG. 3A shows, when no voltage is applied between the pixel
electrodes 52 and the common electrode 62, liquid crystal
molecules 70a align roughly vertically from the surface of the
alignment control films 53 and 64. In this status, light, which
transmitted through the polarizing plate under the TFT sub-
strate 50 and entered the liquid crystal layer, transmits
through the liquid crystal layer as it is, and is shielded by the
polarizing plate on the counter substrate 60. In other words,
this is the case of a dark display.

[0019] On the other hand, if sufficient voltage is applied
between the pixel electrodes 52 and the common electrode
62, as shown in FIG. 3B, liquid crystal molecules 70q¢ align in
roughly a vertical direction with respect to the electric field. In
this status, the light, which transmitted through the polarizing
plate under the TFT substrate 50 and entered the liquid crystal
layer, is double-refracted because of the dielectric constant
anisotropy of the liquid crystal molecules, and transmits
through the polarizing plate on the counter substrate 60. In
other words, this is the case of a bright display. In this way, by
controlling the voltage between the pixel electrodes 52 and
the common electrode 62 for each pixel, desired images can
be displayed on the liquid crystal display apparatus.

[0020] In the case of an MVA liquid crystal display appa-
ratus, if voltage is applied between the pixel electrodes 52 and
the common electrode 62, the tilting directions of the liquid
crystal molecules differ between each side of a bump 63 as
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shown in FIG. 3B, and a so called “alignment division (multi-
domain)” is formed. By this, the leaking of light in diagonal
directions from the substrate face is decreased remarkably,
and good viewing angle characteristics and contrast charac-
teristics can be implemented.

[0021] The above described example is the case when the
bumps 63 are formed as domain regulation means, but the
domain regulation means may be implemented by forming
slits on one or on both of the pixel electrodes and the common
electrode. In a normal MVA liquid crystal display apparatus,
slits are formed on the electrodes of one of the TFT substrate
and the counter substrate, and bumps are formed on the other
substrate. Also dents may be formed instead of bumps or slits
as the domain regulation means.

[0022] Japanese Unexamined Patent Application Publica-
tion No. H7-84244 and Japanese Unexamined Patent Appli-
cation Publication No. H11-343486 disclose a manufacturing
method of a liquid crystal display apparatus where a member
for regulating the liquid crystal domains is formed by poly-
merizing a photoreactive monomer, which is added to the
liquid crystal. With the method disclosed in Japanese Unex-
amined Patent Application Publication No. H11-343486,
however, a step of forming a vertical alignment control film is
required, just as with conventional methods. And with the
method disclosed in Japanese Unexamined Patent Applica-
tion Publication No. H7-84244, the portions to be the bound-
ary of domains cannot be set at arbitrary positions.

[0023] Now a comparison between the MVA liquid crystal
display apparatus and the horizontal electric field switching
type liquid crystal display apparatus, called “In-Plane”
switching (hereafter called IPS), will be described. FIG. 4 is
aview depicting an MVA type vertically aligned liquid crystal
display apparatus based on the prior art, and FIG. 5 1s a view
depicting a horizontal electric field switching type liquid
crystal display apparatus based on the prior art. The MVA
liquid crystal apparatus and IPS liquid crystal apparatus are
well known for superb characteristics thereof.

SUMMARY OF THE INVENTION

[0024] These excellent liquid crystal display panels how-
ever are still not perfect, and in the former case, for example,
the viewing angle characteristics when the gradation is
changed may not be sufficient, and in the latter case, the front
face contrast may not be sufficient.

[0025] In the gradation-related viewing angle characteris-
tics in the former case, MVA, images displayed in half tones
may look whitish from the diagonal viewing angle, and tones
viewed from the diagonal direction may be different from
those viewed from the front. In the latter case, IPS, on the
other hand, the front face contrast is limited to 200-300,
because of horizontal alignment. Contrast from the diagonal
45° angle is not sufficient compared with MVA, and improve-
ment is also desired for transmittance. Coloring in the black
status when viewed from the diagonal direction is also a
problem. In this way, even in the above two excellent liquid
crystal movement modes, that is, the MVA mode which is
characterized by alignment control, and the IPS mode which
1s characterized by the placement of the electrodes, have both
advantages and disadvantages.

[0026] With the foregoing in view, it is an object of the
present invention to provide a liquid crystal display apparatus
which excels in high transmittance, high-speed response,
wide viewing angle characteristics, etc., and a manufacturing
method of the liquid crystal display apparatus.
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[0027] To solve the above problem, according to one aspect
of the present invention, provided is a liquid crystal apparatus
having a liquid crystal layer and a pair of electrodes disposed
on both sides of the liquid crystal layer for applying voltage
on the liquid crystal enclosed between a pair of substrates,
wherein the liquid crystal layer comprises a section formed
by polymerizing a polymerizable compound in the presence
of aliquid crystal by selectively irradiating active energy rays
onto the substrate surface when no voltage is applied. By this
embodiment of the present invention, a liquid crystal display
apparatus which excels in high transmittance, high-speed
response, wide viewing angle characteristics, etc. can be pro-
vided.

[0028] For this embodiment of the aspect of the present
invention, it is preferable that the liquid crystal layer com-
prises a section polymerized by irradiating active energy rays
onto the entire surface of the substrate in a voltage applied
status after active energy rays are selectively irradiated, that at
least one of the two active energy ray irradiations is from the
direction tilted from the normal line direction of the substrate
face, that the liquid crystal layer presents a light shielding
pattern based on a specific liquid crystal alignment when
voltage is applied after the active energy rays are irradiated,
that the light shielding pattern by a specific liquid crystal
alignment includes a lattice pattern or a pattern which is
comprised of a cross-shaped main region and branch regions
which linearly extend in the peripheral directions, that the
liquid crystal has a negative dielectric constant anisotropy,
and aligns in the vertical direction from the substrate face
when no voltage is applied after the active energy rays are
irradiated, and that first and second polarizing elements are
disposed on both sides of the pair of substrates such that the
absorption axes thereof are perpendicular to each other; a first
V4 wavelength plate is disposed between one of the substrates
and the first polarizing element; a second ¥4 wavelength plate
is disposed between the other substrate and the second polar-
izing element; and the absorption axis of the first polarizing
element and the slow axis of the first 4 wavelength plate form
a 45° angle, the absorption axis of the second polarizing
element and the slow axis of the second ¥4 wavelength plate
form a 45° angle, and the slow axes of the first 4 wavelength
plate and the second Y4 wavelength plate are perpendicular to
each other.

[0029] According to this aspect of the present invention,
also provided is a manufacturing method of a liquid crystal
display apparatus having a liquid crystal layer and a pair of
electrodes on both sides of the liquid crystal layer for apply-
ing voltage on a liquid crystal disposed between a pair of
substrates, wherein the liquid crystal layer is formed from a
liquid crystal composition comprising the liquid crystal and a
polymerizable compound, a part of the polymerizable com-
pound is polymerized by selectively irradiating active energy
rays onto the substrate face when no voltage is applied, then
the rest of the polymerizable compound is polymerized by
irradiating active energy rays onto the entire face of the sub-
strate in a voltage applied status. By this embodiment of the
present invention, a simplification of the manufacturing pro-
cess can be implemented, and the causes for fluctuation in
quality, complication of processing, drop in yield and
increase of cost in prior art can be eliminated.

[0030] For this embodiment of this aspect of the present
invention, it is preferable that a photomask is used for the
selective irradiation of active energy rays, that the width of the
light shielding section and the width of the opening section of
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the photomask are in a 2-100 um range, respectively, that the
active energy rays are UV rays, that the energy active ray
irradiation is performed such that the liquid crystal layer
presents a light shielding pattern based on a specific liquid
crystal alignment when voltage is applied after the active
energy rays are irradiated, and that at least one of the two
active energy ray irradiations is performed from the direction
tilted from the normal line direction of the substrate face.
[0031] According to this aspect of the present invention, a
liquid crystal display apparatus, which excels in high trans-
mittance, high-speed response, wide viewing angle charac-
teristics, etc., can be provided. The manufacturing method
can also be simplified.

[0032] In an MVA liquid crystal display apparatus, the
directions to which liquid crystal molecules tilt when voltage
is applied can be determined by bumps or slits of the elec-
trodes, so in such a case, it is unnecessary to perform align-
ment processing on the alignment control films 53 and 64 as
shown in FIG. 2. However it is usually still necessary to form
the alignment control films 53 and 64 on the surfaces of the
TFT substrate and the counter substrate.

[0033] The alignment control film is normally formed by
printing a polyimide or a polyamic acid on the surface of a
substrate, and then baking at a temperature of about 200° C.
Since the sizes of liquid crystal display apparatuses are
increasing recently, a large printer and furnace are required to
form alignment control films, and replacing printing plates
also contribute to enormous costs, causing increases in manu-
facturing cost.

[0034] To solve such problems, a manufacturing method of
a liquid crystal display apparatus which can omit the step of
coating an alignment control film (e.g. Japanese Patent Appli-
cation No. 2002-40721) has been proposed. In this method, a
liquid crystal mixed with a bifunctional monomer and a pho-
topolymerization initiator is sealed between a pair of sub-
strates, for example. Then the monomer attaches to the sur-
face of the substrate (surface of an ITO film or an insulation
film) and grows. When UV rays are irradiated onto this, the
monomer is polymerized and also chemically bonded to the
surface of the substrate, where a stable alignment control
layer is formed. This alignment control layer has a controlling
ability to align the liquid crystal molecules in a roughly ver-
tical directions from the substrate face. However, the direc-
tion to which the liquid crystal molecules tilt when voltage is
applied are not determined if the alignment control layer is
simply formed by polymerizing a monomer, resulting in ran-
dom alignment (schlieren alignment).

[0035] Also in a conventional MVA liquid crystal display
apparatus, the contrast characteristics are better than a TN
(Twisted Nematic) liquid crystal display apparatus, but as
FIG. 3A shows, the liquid crystal molecules align diagonally
from the substrate face in the area near the bumps 63 when no
voltage is applied, so the leaking of light occurs in this area,
causing dropping of the contrast characteristics.

[0036] Also in a conventional MVA liquid crystal display
apparatus, the areas above the bumps or slits become bound-
aries of alignment division where dark lines are generated,
causing dropping of the transmittance in a white display
(bright display). Transmittance can be improved by increas-
ing the spaces between the bumps or slits sufficiently, but for
areas away from the bumps or slits, it takes a long time from
applying voltage between the electrodes to the stabilization of
the alignment of liquid crystal molecules, which drops the
response speed considerably.
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[0037] To solve these problems, proposed here is a liquid
crystal display apparatus, where a liquid crystal to which a
polymerizable compound such as a monomer or an oligomer
is added, is sealed between a TFT substrate and a counter
substrate, voltage is applied between the electrodes. and the
alignment directions of liquid crystal molecules are stabi-
lized, then UV rays are irradiated so that the polymerizable
compound is polymerized to form a polymer network. This
type of a liquid crystal display apparatus is called a polymer
stabilized liquid crystal display apparatus. In the polymer
stabilized liquid crystal apparatus, the liquid crystal mol-
ecules tilt in directions which are determined by the polymer
network, at the same time as voltage is applied, so the
response characteristics are improved.

[0038] However, it is believed that a conventional polymer
stabilized liquid crystal display apparatus has the following
problems.

[0039] That is, in the case of a polymer stabilized liquid
crystal display apparatus, UV rays are irradiated while apply-
ing voltage between the pixel electrodes and the common
electrode after the electrode disposed on the TFT substrate or
the counter substrate and the external drive circuit are elec-
trically connected, so the processing steps are complicated
and mass production ability is poor. Also, if UV rays are
irradiated when TFT’s are driven, the characteristics of the
TFT’s may be changed by the UV rays, and normal voltage
may not be applied to the pixel electrodes. And if the poly-
merizable compound is polymerized in this status, the align-
ment controlling ability by the polymer network becomes
different depending on the pixel, and the T-V (Transmittance-
Voltage) characteristics of the liquid crystal cells disperse.
This causes display defects, such as unevenness in display.

[0040] With the foregoing in view, it is an object of the
present invention to provide a liquid crystal display apparatus
comprising bumps for domain regulation and an alignment
control layer, whereby the manufacturing steps can be more
simplified compared with prior art, and a manufacturing
method therefor.

[0041] It is another object of the present invention to pro-
vide a liquid crystal display apparatus whereby the contrast
characteristics are better than prior art, and a manufacturing
method therefor.

[0042] It is still another object of the present invention to
provide a manufacturing method of a liquid crystal display
apparatus which excels in mass production ability, and does
not disperse the T-V characteristics depending on the pixel.

[0043] The above problem is solved by one aspect of the
present invention, that is, a liquid crystal display apparatus
comprising a first and second substrates which are disposed
facing each other, a liquid crystal sealed between the first and
second substrates, a first electrode formed on the liquid crys-
tal side surface of the first substrate, a second electrode
formed on the liquid crystal side surface of the second sub-
strate, alignment control layers which cover the surfaces of
the first and second electrodes and control the alignment
direction of the liquid crystal molecules when no voltage is
applied to be roughly vertical from the substrate face, and
bumps whichare formed on at least one surface of the first and
second substrates and determine the tilting directions of the
liquid crystal molecules when voltage is applied, wherein
both the alignment control layers and the bumps are formed
by polymerizing a polymerizable compound which is added
to the liquid crystal, and the alignment direction of the liquid
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crystal molecules near the bumps when no voltage is applied
1s roughly vertical from the substrate face.

[0044] It is preferable that both of the first and second
substrates and both of the first and second electrodes are
transparent and that at least part of the bumps contacts the first
and second substrates.

[0045] It is preferable that at least part of the bumps con-
tacts the first and second substrates.

[0046] The above problem is also solved by another
embodiment of this aspect of the present invention, that is, a
manufacturing method of a liquid crystal display apparatus,
comprising sealing a liquid crystal to which a polymerizable
compound is added, between a first and second substrates,
and polymerizing the polymerizable compound in the liquid
crystal, forming alignment control layers for controlling the
alignment direction of the liquid crystal molecules when no
voltage is applied to be roughly vertical from the substrate
face, on the surfaces of the first and second substrates and
forming bumps protruding to the liquid crystal side.

[0047] Inthe presentinvention, not only an alignment con-
trol layer but bumps for domain regulation are also formed by
polymerizing the polymerizable compound (or oligomer).
For example, a monomer which is added to the liquid crystal
is polymerized by irradiating UV rays onto the bump forming
areas, with an energy that is higher than the energy irradiated
onto other areas. By this, monomer molecules in the bump
forming areas are polymerized preferentially to form the
bumps, and in other areas an alignment control layer with a
thin film thickness is formed. In this case, the liquid crystal
molecules are aligned to be vertical from the substrate face in
the initial stage of bump formation. Since bumps grow while
maintaining this alignment status, the liquid crystal mol-
ecules near the bumps become roughly vertical from the
substrate face when no voltage is applied, even after the
bumps are completed. By this, leaking of light is controlled
even more compared with conventional MVA liquid crystal
display apparatus, and the contrast characteristics are
improved.

[0048] Itis preferable that the polymerizable compound is
polymerized by light, that light irradiation at a higher energy
density is performed on bump formation areas than the other
areas for forming the bumps, that the liquid crystal is sealed
between the first and second substrates after a treatment is
performed to make the surface energy of bump formation
areas of at least one of said first and second substrates higher
than the other areas, that spacers are selectively disposed at
the bump formation areas between the first and second sub-
strates, and the bumps are formed using the spacers as cores,
and that at least part of the bumps are allowed to grow from
one of the first and second substrates to contact the other
substrate.

[0049] The above problem is solved by still another
embodiment of this aspect of the present invention, that is, a
liquid crystal display apparatus comprising a first and second
substrates which are disposed facing each other, a liquid
crystal sealed between the first and second substrates, tilt
control sections which are disposed on at least one of the first
and second substrates and determine the tilting directions of
the liquid crystal molecules when voltage is applied, and
alignment control layers which are formed on the liquid crys-
tal side faces of the first and second substrates and control the
alignment direction of the liquid crystal molecules when no
voltage is applied to be roughly vertical from the substrate
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face, wherein the alignment control layers are formed by
polymerizing a polymerizable compound which is added to
the liquid crystal.

[0050] It is preferable that the tilt control sections are
bumps or dents installed on at least one of the first and second
substrates, that the tilt control sections are sections formed by
a rubbing treatment on the bases of the alignment control
layers, and that the tilt control sections are formed by chang-
ing the surface energy of the bases of the alignment control
layers.

[0051] Also the above problem is solved by still another
embodiment of this aspect of the present invention, that is, a
manufacturing method of a liquid crystal display apparatus,
comprising forming bumps or dents on at least one of the first
and second substrates, disposing the first and second sub-
strates facing each other with the faces where the bumps or
dents are formed to be inside, sealing the polymerizable com-
pound-added liquid crystal between these substrates, and
polymerizing the polymerizable compound in the liquid crys-
tal and forming alignment control layers, for controlling the
alignment direction of the liquid crystal molecules when no
voltage is applied to be roughly vertical from the substrate
face, on the first and second substrates and on the surface of
the bumps or dents.

[0052] Inthe presentinvention, tilt control sections, such as
bumps or dents for determining the direction for the liquid
crystal molecules to tilt when voltage is applied, are formed
on at least one of the first and second substrates.

[0053] Ifthe alignment control layer is formed merely by a
reactive monomer added to the liquid crystal, directions to
which the liquid crystal molecules tilt when voltage is applied
are not determined, and a plurality of small domains, made
from a set of liquid crystal molecules of which the alignment
direction is the same, are formed in the liquid crystal. Since
the alignment directions of the adjacent domains are not the
same, a dark line is generated at the boundary section of the
domain due to alignment abnormalities. And the locations
where the dark lines are generated are not consistent. This
becomes a cause of a drop in display quality.

[0054] In the present invention, however, the tilt control
sections are disposed on at least one of the first and second
substrates, so the directions to which the liquid crystal mol-
ecules tilt when voltage is applied are determined by the tilt
control sections. By this, good display characteristics are
implemented.

[0055] Thetilt control sections are not limited to the above-
mentioned bumps or dents, but may be those formed by a
rubbing treatment on the base of the alignment control layer,
for example, or those formed by performing processing to
partially change the surface energy on the surface of a sub-
strate. If such processing is performed, the processing per-
formed on the base influences the alignment control layers,
which can control the directions to which the liquid crystal
molecules tilt when voltage is applied.

[0056] Accordingly, the above problem is also solved by
still another embodiment of this aspect of the present inven-
tion, that is, a manufacturing method of a liquid crystal dis-
play apparatus, comprising performing a rubbing treatment
ona first and second substrates, disposing the first and second
substrates facing each other with the face where the rubbing
treatment is performed to be inside, sealing a polymerizable
compound-added liquid crystal between the substrates, and
polymerizing the polymerizable compound in the liquid crys-
tal and forming alignment control layers, for controlling the
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alignment direction of the liquid crystal molecules when no
voltage is applied to be roughly vertical from the substrate
face, on the first and second substrates.

[0057] Also the above problem is solved by still another
embodiment of this aspect of the present invention, that is, a
manufacturing method of a liquid crystal display apparatus,
comprising partially changing the surface energy of the sur-
face of at least one of first and second substrates, sealing a
polymerizable compound-added liquid crystal between the
first and second substrates, and polymerizing the polymeriz-
able compound in the liquid crystal and forming alignment
control layers, for controlling the alignment direction of the
liquid crystal molecules when no voltage is applied to be
roughly vertical from the substrate face, on at least one of the
first and second substrates.

[0058] Itis preferable that light is selectively irradiated on
the substrate surface via a mask in the partial changing of the
surface energy of the substrate surface.

[0059] Theabove-mentioned problem is also solved by still
another embodiment of this aspect of the present invention,
that is, a manufacturing method of a liquid crystal display
apparatus, comprising disposing a pair of substrates, on
which surface alignment control films are formed, facing
each other with the alignment control films to be inside,
sealing a liquid crystal to which a polymerizable compound is
added, between these substrates, and polymerizing the poly-
merizable compound by irradiating UV rays when no voltage
is applied, and forming a polymer network near the surface of
the alignment control films, wherein the anchoring energy for
the liquid crystal molecules on the substrate surface is con-
trolled by controlling the composition, the adding amount and
the polymerizing conditions of the polymerizable compound.
[0060] In the present invention, the polymerizable com-
pound added to the liquid crystal is polymerized when no
voltage is applied between the electrodes, to form the poly-
mer network. By this polymer network, the controlling ability
(anchoring energy) to align the liquid crystal molecules in the
vertical direction becomes strong.

[0061] The liquid crystal molecules near bumps or slits
align in specific directions, which are determined by the
bumps or slits almost at the same time when voltage is
applied. The alignment directions of these liquid crystal mol-
ecules influence on the peripheral liquid crystal molecules,
and the alignment directions of the peripheral liquid crystal
molecules are determined. In this way, the alignment direc-
tions of the liquid crystal molecules are propagated, and the
alignment directions of the liquid crystal molecules at loca-
tions away from bumps or slits are determined.

[0062] In the case of an MVA liquid crystal apparatus
which does not have a polymer network, the liquid crystal
molecules at locations away from bumps or slits align in
random directions almost at the same time when voltage is
applied, and when the alignment directions of the liquid crys-
tal molecules near bumps or slits are propagated, they change
direction to the alignment directions. However, it takes time
to change the alignment direction of liquid crystal molecules
which have already been aligned to a different direction,
causing poor response characteristics of liquid crystal display
apparatus which do not have a polymer network.

[0063] If the alignment controlling ability in the vertical
direction of the liquid crystal molecules is increased as in this
invention, the response time is decreased compared with lig-
uid crystal display apparatuses which do not have a polymer
network, since liquid crystal molecules are aligned vertically
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until the alignment directions of the liquid crystal molecules
near bumps or slits are propagated, and the liquid crystal
molecules align in specific directions after the alignment
directions are propagated. Also according to the present
invention, the polymer network is formed when no voltage is
applied between the electrodes, so the fluctuation of the T-V
characteristics can be avoided.

[0064] In other words, whereas in the conventional poly-
mer stabilized liquid crystal display, the technology is for
implementing a vertically aligned liquid crystal without a
rubbing treatment, by controlling the pre-tilt angle of the
liquid crystal molecules and the tilting direction when voltage
is applied, the present invention is for controlling the anchor-
ing strength, which can be applied to both a vertically aligned
liquid crystal display apparatus and a horizontally aligned
liquid crystal display apparatus. The present invention can
also be applied to liquid crystal display apparatuses which
involve a rubbing treatment.

[0065] As described above, according to this aspect of the
present invention, not only an alignment control layer but also
bumps for domain regulation are formed by polymerizing the
polymerizable compound. For example, when a monomer
added to a liquid crystal is polymerized, UV rays, which
energy is higher than the energy used for other areas, are
irradiated onto the bump formation areas. By this, the mono-
mer is preferentially polymerized in the bump formation
areas to form bumps, and in the other areas, a thin alignment
control layer is formed. In this case, in the initial stage of the
bump formation, liquid crystal molecules are aligned verti-
cally from the substrate surface. Bumps grow while maintain-
ing this alignment status, so the liquid crystal molecules near
the bumps are aligned almost vertically from the substrate
surface when no voltage is applied, even after the bumps are
completed. Because of this, the leaking of light is further
controlled, and the contrast characteristics improve compared
with conventional MVA liquid crystal apparatus.

[0066] According to this aspect of the present invention, tilt
control sections, such as bumps or dents, for determining
directions to which the liquid crystal molecules tilt when
voltage is applied, are disposed on at least one of the first and
second substrates.

[0067] By merely forming an alignment control layer by a
reactive monomer added to a liquid crystal, the directions to
which the liquid crystal molecules tilt when voltage is applied
are not determined, and a plurality of small domains, each
from a set of liquid crystal molecules with the same alignment
direction, are formed in the liquid crystal. Since the alignment
directions of adjacent domains are not the same, a dark line is
generated at the boundary sections of domains due to align-
ment abnormalities. Also the generation locations of the dark
lines are not constant. This drops the display quality.

[0068] However, in the present invention, where the tilt
control sections are disposed on at least one of the first and
second substrates, the directions to which the liquid crystal
molecules tilt when voltage is applied are determined by the
tilt control sections. Therefore good display characteristics
are implemented. Also the T-V characteristics and the thresh-
old values of the liquid crystal cells can be controlled by
controlling the composition, the adding amount and the poly-
merizing conditions of the polymerizable compound.

[0069] It is preferable that the anchoring energy is con-
trolled on each pixel, and that a plurality of areas having
different anchoring energies are formed in a pixel.
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[0070] 1In the present invention it is also possible to com-
bine different aspects. Accordingly. the present invention also
provides a liquid crystal display apparatus according to the
first aspect of the present invention, the apparatus comprising
a first and second substrates which are disposed facing each
other, a liquid crystal sealed between the first and second
substrates, a first electrode formed on the liquid crystal side
surface of the first substrate, a second electrode formed on the
liquid crystal side surface of the second substrate, alignment
control layers which cover the surfaces of the first and second
electrodes and control the alignment direction of the liquid
crystal molecules when no voltage is applied to be roughly
vertical from the substrate face, and bumps which are formed
on at least one surface of the first and second substrates and
determine the tilting directions of the liquid crystal molecules
when voltage is applied, wherein both of the alignment con-
trol layers and the bumps are formed by polymerizing a
polymerizable compound which is added to the liquid crystal,
and the alignment direction of the liquid crystal molecules
near the bumps when no voltage is applied is roughly vertical
from the substrate face.

[0071] The present invention also provides a manufactur-
ing method of a liquid crystal display apparatus according to
the first aspect of the present invention, the method compris-
ing sealing a liquid crystal to which a polymerizable com-
pound is added, between a first and second substrates, poly-
merizing the polymerizable compound in the liquid crystal,
forming alignment control layers for controlling the align-
ment direction of the liquid crystal molecules when no volt-
age is applied to be roughly vertical from the substrate face,
on the surfaces of the first and second substrates, and forming
bumps protruding to the liquid crystal side.

[0072] The present invention also provides a liquid crystal
display apparatus according to the first aspect of the present
invention, the apparatus comprising a first and second sub-
strates which are disposed facing each other, a liquid crystal
sealed between the first and second substrates, tilt control
sections which are disposed on at least one of the first and
second substrates and determine the tilting directions of the
liquid crystal molecules when voltage is applied, and align-
ment control layers which are formed on the liquid crystal
side faces of the first and second substrates and control the
alignment direction of the liquid crystal molecules when no
voltage is applied to be roughly vertical from the substrate
face, wherein the alignment control layers are formed by
polymerizing a polymerizable compound which is added to
the liquid crystal.

[0073] The present invention also provides a manufactur-
ing method of a liquid crystal display apparatus according to
the first aspect of the present invention, the method compris-
ing disposing a pair of substrates, on which surface alignment
control films are formed, facing each other with the alignment
control films to be inside, sealing a liquid crystal to which a
polymerizable compound is added, between these substrates,
polymerizing the polymerizable compound by irradiating
UV rays when no voltage is applied, and forming a polymer
network near the surface of the alignment control films,
wherein the anchoring energy for the liquid crystal molecules
on the substrate surface is controlled by controlling the com-
position, the adding amount and the polymerizing conditions
of the polymerizable compound.

[0074] It is an object of still another aspect of the present
invention to provide a liquid crystal display apparatus which
solves the above-mentioned problems of prior art, has a new
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liquid crystal movement mode which is different from that of
the liquid crystal display apparatus based on prior art, and is
brighter and excels in color gradation characteristics com-
pared with a liquid crystal display based on prior art, and a
manufacturing method therefor.

[0075] The liquid crystal display apparatus according to
this aspect of the present invention for solving the above-
mentioned problems is a liquid crystal display apparatus
wherein a first substrate on which surface first electrodes with
a vertical alignment control film are formed and a second
substrate on which surface a second electrode with a horizon-
tal alignment control film is formed face each other at the
alignment control film side, the facing substrates are sealed
with a space in between, a liquid crystal comprising a func-
tional monomer is sealed in this space, and a plurality of
roughly rectangular pixel electrodes made of the first elec-
trodes are arrayed on the first substrate, for performing the
alignment control of the liquid crystal by irradiating light
from a direction tilted from the normal line direction on the
liquid crystal display apparatus to polymerize the monomer,
wherein the first substrate has a structure for regulating the
alignment of the liquid crystal molecules in the liquid crystal
when voltage is applied between the pixel electrodes and the
second electrode.

[0076] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable that the above-mentioned structure is a
fine ITO pattern formed in the pixel electrodes.

[0077] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable that the above-mentioned structure is an
insulating pattern formed on the pixel electrodes.

[0078] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable that the above-mentioned functional
monomer has two or more functional groups.

[0079] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable that UV rays are used for the above-
mentioned light irradiation.

[0080] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable that the above-mentioned functional
monomer is an acrylate.

[0081] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable that the above-mentioned functional
monomer is a methacrylate.

[0082] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable to perform the above-mentioned light
irradiation by irradiating with light from a first direction,
which is tilted from the normal line direction on the liquid
crystal display apparatus face, onto partial areas of the pixel
electrode faces, and by irradiating with light again from a
second direction, which 1s different from the first direction,
onto the entire areas of the pixel electrode faces, for each one
of the pixel electrodes.

[0083] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable that the above-mentioned liquid crystal
is of a negative type.

[0084] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable that the above-mentioned liquid crystal
is of a positive type.

[0085] Inthe above-mentioned liquid crystal display appa-
ratus, it is preferable that the above-mentioned liquid crystal
is in a normally black mode, and the alignment of the liquid
crystal molecules is regulated so as to switch to the direction
of the light irradiation by applying voltage.

[0086] In the present invention it is also possible to com-
bine different aspects. Accordingly. the present invention also
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provides a liquid crystal display apparatus according to the
first aspect, wherein a first substrate on which surface first
electrodes with a vertical alignment control film are formed
and a second substrate on which surface a second electrode
with a horizontal alignment control film is formed face each
other at the alignment control film side, the facing substrates
are sealed with a space in between, a liquid crystal comprising
afunctional monomer is sealed in this space, and a plurality of
roughly rectangular pixel electrodes made of the first elec-
trodes are arrayed on the first substrate, for performing the
alignment control of the liquid crystal by irradiating light
from a direction tilted from the normal line direction on the
liquid crystal display apparatus to polymerize the monomer,
wherein the first substrate has a structure for regulating the
alignment of the liquid crystal molecules in the liquid crystal
when voltage is applied between the pixel electrodes and the
second electrode.

[0087] The present invention also provides a liquid crystal
display apparatus according to the first aspect, wherein the
light irradiation is performed by irradiating with light from a
first direction, which is tilted from the normal line direction
on the liquid crystal display apparatus face, onto partial areas
of the pixel electrode faces, and by irradiating with light again
from a second direction, which is different from the first
direction, onto the entire areas of the pixel electrode faces, for
each one of the pixel electrodes.

[0088] By theaboveaspect of the present invention, a liquid
crystal display apparatus, which has a new liquid crystal
movement mode different from that of the liquid crystal dis-
play apparatus based on prior art, and is brighter and excels in
color gradation characteristics compared with the liquid crys-
tal display apparatus based on prior art, is provided.

[0089] Other objects and advantages of the present inven-
tion will be clarified by the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0090] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0091] FIG. 1isatop model view illustrating an example of
apatterned pixel electrodes structure inan MVA liquid crystal
display apparatus;

[0092] FIG. 2 is a model cross-sectional view depicting an
example of a conventional MVA type liquid crystal display
apparatus;

[0093] FIG. 3A is a model view depicting the operation of
an MVA liquid crystal display apparatus;

[0094] FIG. 3B is a model view depicting the operation of
an MVA liquid crystal display apparatus;

[0095] FIG. 4 is another view depicting an MVA type ver-
tically aligned liquid crystal display apparatus based on the
prior art;

[0096] FIG. 5is a view depicting a horizontal field switch-
ing type liquid crystal display apparatus based on the priorart;
[0097] FIG. 6 is a plan view depicting a liquid crystal dis-
play apparatus (MVA liquid crystal apparatus) according to
an embodiment of the present invention;

[0098] FIG. 7 is a cross-sectional view along the I-I line in
FIG. 6;
[0099] FIG. 8A is a cross-sectional view for explaining the

process for forming bumps and alignment control films;
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[0100] FIG. 8B is another cross-sectional view for explain-
ing the process for forming bumps and alignment control
films;

[0101] FIG. 9is a set of model views depicting the manu-
facturing method of a liquid crystal display apparatus accord-
ing to an embodiment of the present invention;

[0102] FIG. 10A is a model cross-sectional view showing
the manufacturing method of the liquid crystal display
according to an embodiment of the present invention;
[0103] FIG. 10B is another model cross-sectional view
showing the manufacturing method of the liquid crystal dis-
play according to an embodiment of the present invention;
[0104] FIG. 10C is another model cross-sectional view
showing the manufacturing method of the liquid crystal dis-
play according to an embodiment of the present invention;
[0105] FIG. 11A is a model cross-sectional view showing
the manufacturing method of the liquid crystal display
according to an embodiment of the present invention;
[0106] FIG. 11B is another model cross-sectional view
showing the manufacturing method of the liquid crystal dis-
play according to an embodiment of the present invention;
[0107] FIG. 12A is a model view for explaining an active
energy ray irradiation treatment;

[0108] FIG. 12B is another model view for explaining an
active energy ray irradiation treatment;

[0109] FIG. 13A is amodel plan view depicting a photore-
sist;
[0110] FIG. 13B is a model plan view depicting areas of

polymerized liquid crystal composition corresponding to the
openings by a photoresist;
[0111] FIG. 13C is a model plan view depicting a state of
liquid crystal molecules when the entire surface is irradiated
with an active energy ray;

[0112] FIG. 14A is another model plan view depicting a
photoresist;
[0113] FIG. 14B is a model plan view depicting a state of

alignment of a liquid crystal when a voltage is applied to a
liquid crystal display apparatus;

[0114] FIG. 15 shows various photomask patterns;
[0115] FIG. 16 shows another photomask pattern;
[0116] FIG. 17 shows how polarizing elements and Y4

wavelength plates are placed,

[0117] FIG. 18A is a plan view illustrating the pixel struc-
ture of a liquid crystal display apparatus according to an
embodiment of the present invention;

[0118] FIG. 18B is a model plan view depicting a photore-
sist for an example according to the present invention;
[0119] FIG. 18C is a model plan view depicting a liquid
crystal display apparatus and a photomask overlaid thereon;
[0120] FIG. 19A is another plan view illustrating the pixel
structure of a liquid crystal display apparatus according to an
embodiment of the present invention;

[0121] FIG. 19B is another model plan view depicting a
photoresist for an example according to an embodiment of the
present invention;

[0122] FIG. 19C is another model plan view depicting a
liquid crystal display apparatus and a photomask overlaid
thereon;

[0123] FIG. 20A is another plan view illustrating the pixel
structure of a liquid crystal display apparatus according to an
embodiment of the present invention;

[0124] FIG. 20B is another model plan view depicting a
photoresist for an example according to an embodiment of the
present invention;
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[0125] FIG. 20C is another model plan view depicting a
liquid crystal display apparatus and a photomask overlaid
thereon;

[0126] FIG. 21A is a model view illustrating a method for
manufacturing a liquid crystal display apparatus according to
an embodiment of the present invention;

[0127] FIG. 21B is another model view illustrating a
method for manufacturing a liquid crystal display apparatus
according to an embodiment of the present invention;
[0128] FIG. 21C is another model view illustrating a
method for manufacturing a liquid crystal display apparatus
according to an embodiment of the present invention;
[0129] FIG. 22 shows chemical formulae of resins having a
high wettability and a low wettability to a substrate;

[0130] FIG. 23A is a model view illustrating a method for
manufacturing a liquid crystal display apparatus according to
an embodiment of the present invention;

[0131] FIG. 23B is another model view illustrating a
method for manufacturing a liquid crystal display apparatus
according to an embodiment of the present invention;
[0132] FIG. 23C is another model view illustrating a
method for manufacturing a liquid crystal display apparatus
according to an embodiment of the present invention;
[0133] FIG. 24A shows a result of investigations to see the
alignment state of a liquid crystal display apparatus;

[0134] FIG. 24B shows another result of investigations to
see the alignment state of a liquid crystal display apparatus;

[0135] FIG. 24C shows another result of investigations to
see the alignment state of a liquid crystal display apparatus;

[0136] FIG. 25 is a model view illustrating a method for
manufacturing a liquid crystal display apparatus according to
an embodiment of the present invention;

[0137] FIG. 26A is another model view illustrating a
method for manufacturing a liquid crystal display apparatus
according to an embodiment of the present invention;

[0138] FIG. 26B is another model view illustrating a
method for manufacturing a liquid crystal display apparatus
according to an embodiment of the present invention;

[0139] FIG.27A is a view showing an example wherein the
uneven patterns were changed in an embodiment of the
present invention;

[0140] FIG. 27B is another view showing an example
wherein the uneven patterns were changed in an embodiment
of the present invention;

[0141] FIG. 28 is another view showing an example
wherein the uneven patterns were changed in an embodiment
of the present invention;

[0142] FIG. 29 is amodel view depicting a photomask used
in manufacturing a liquid crystal display apparatus according
to an embodiment of the present invention;

[0143] FIG. 30A is a graph indicating the relationship
between the UV irradiation energy density and the surface
energy when UV rays are irradiated on the surface of a pho-
toresist film;

[0144] FIG. 30B is a graph indicating the relationship
between the UV irradiation energy density and the surface
energy when UV rays are irradiated on the surface of a ver-
tical alignment control film;

[0145] FIG. 31 shows a state of the liquid crystal display
apparatus prepared according to an embodiment of the
present invention;
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[0146] FIG. 32 is a collection of figures showing the tran-
sient response characteristics of a liquid crystal display appa-
ratus that does not have a polymer network, at the time when
the pixels are lighted;

[0147] FIG. 33 is a model view depicting the shape of slits
installed on the pixel electrodes of the liquid crystal display
apparatus used for FIG. 32;

[0148] FIG. 34 shows a final lighting state of the liquid
crystal display apparatus used for FIG. 32;

[0149] FIG. 35A is amodel view illustrating, in a step-wise
way, a method for manufacturing a liquid crystal display
apparatus according to an embodiment of the present inven-
tion;

[0150] FIG. 35B is another model view illustrating, in a
step-wise way, a method for manufacturing a liquid crystal
display apparatus according to an embodiment of the present
invention;

[0151] FIG. 36 is a graph showing T-V characteristics of a
liquid crystal display apparatus in which a bifunctional
monomer in the capacity of a polymerizable compound was
added in amounts of 0.5, 1 and 3 wt. %;

[0152] FIG. 37 is a graph showing T-V characteristics of a
liquid crystal display apparatus in which a monofunctional
monomer in the capacity of a polymerizable compound was
added in amounts of 1 and 2 wt. %;

[0153] FIG. 38 is a collection of figures showing the tran-
sient response characteristics from an unlighted state to a
lighted state of a liquid crystal display apparatus of an
embodiment of the present invention;

[0154] FIG. 39 is a collection of figures showing the tran-
sient response characteristics from an unlighted state to a
lighted state of an MVA liquid crystal display apparatus
(comparative example) that does not have a polymer network,
at the time when the pixels are lighted,

[0155] FIG. 40 is a collection of figures showing the tran-
sient response characteristics from an unlighted state to a
lighted state of an MVA liquid crystal display apparatus (con-
ventional apparatus example) with a polymer network formed
by irradiating UV rays while a voltage was applied between
the electrodes;

[0156] FIG. 41A is a view for illustrating the steps for
manufacturing a liquid crystal display apparatus according to
an embodiment of the present invention;

[0157] FIG. 41B is another view for illustrating the steps
for manufacturing a liquid crystal display apparatus accord-
ing to an embodiment of the present invention;

[0158] FIG. 42A is a view for illustrating the electrode
constitution of a liquid crystal display panel according to an
embodiment of the present invention;

[0159] FIG. 42B is another view for illustrating the elec-
trode constitution of a liquid crystal display panel according
to an embodiment of the present invention;

[0160] FIG. 42C is another view for illustrating the elec-
trode constitution of a liquid crystal display panel according
to an embodiment of the present invention;

[0161] FIG. 43 is a flow chart illustrating the steps for
manufacturing a liquid crystal display panel according to an
embodiment of the present invention;

[0162] FIG. 44A is a view for illustrating the structure of
the electrodes and the movement of the liquid crystal mol-
ecules in a liquid crystal display panel according to an
embodiment of the present invention;

[0163] FIG. 44B is another view for illustrating the struc-
ture of the electrodes and the movement of the liquid crystal
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molecules in a liquid crystal display panel according to an
embodiment of the present invention;

[0164] FIG. 44C is another view for illustrating the struc-
ture of the electrodes and the movement of the liquid crystal
molecules in a liquid crystal display panel according to an
embodiment of the present invention;

[0165] FIG. 45 illustrates the manufacturing steps of a lig-
uid crystal display panel according to an embodiment of the
present invention, in which (I) shows astep of irradiating ¥4 of
the panel surface except the first domain from a first tilted
direction through a mask with a light, (II) shows a step of
irradiating %4 of the panel surface except the second domain
from a second tilted direction through a mask with a light,
(III) shows a step of irradiating ¥ of the panel surface except
the third domain from a third tilted direction through a mask
with a light, and (IV) shows a step of irradiating ¥ of the
panel surface except the fourth domain from a fourth tilted
direction through a mask with a light;

[0166] FIG. 46A is a view for illustrating the structure of
the electrodes and the movement of the liquid crystal mol-
ecules in a liquid crystal display panel according to an
embodiment of the present invention;

[0167] FIG. 46B is another view for illustrating the struc-
ture of the electrodes and the movement of the liquid crystal
molecules in a liquid crystal display panel according to an
embodiment of the present invention;

[0168] FIG. 46C is another view for illustrating the struc-
ture of the electrodes and the movement of the liquid crystal
molecules in a liquid crystal display panel according to an
embodiment of the present invention,

[0169] FIG. 47A is a view for illustrating the structure of
the electrodes and the movement of the liquid crystal mol-
ecules in a liquid crystal display panel according to an
embodiment of the present invention;

[0170] FIG. 47B is another view for illustrating the struc-
ture of the electrodes and the movement of the liquid crystal
molecules in a liquid crystal display panel according to an
embodiment of the present invention,

[0171] FIG. 47C is another view for illustrating the struc-
ture of the electrodes and the movement of the liquid crystal
molecules in a liquid crystal display panel according to an
embodiment of the present invention;

[0172] FIG. 48A is a cross-sectional view illustrating a
method for manufacturing a liquid crystal display apparatus
according to one embodiment of the present invention;
[0173] FIG. 48B is another cross-sectional view illustrating
amethod for manufacturing a liquid crystal display apparatus
according to one embodiment of the present invention; and
[0174] FIG. 49 is a plan view illustrating a method for
manufacturing a liquid crystal display apparatus according to
one embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0175] Embodiments according to the present invention
will be described with reference to the following figures,
formulae, examples, etc. It is to be understood that these
figures, formulae, examples, etc., plus the explanation below
are for the purpose ofillustrating the present invention, and do
not limit the scope of the present invention. It goes without
saying that other embodiments should also be included in the
category of the present invention as far as they conform to the
gist of the present invention. In the figures, the same sign
indicates the same element.
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[0176] A liquid crystal display apparatus according to the
present invention has a liquid crystal layer and a pair of
electrodes installed at both sides of the liquid crystal layer for
applying voltage to a liquid crystal, sandwiched between a
pair of substrates wherein the liquid crystal layer has a portion
obtained by polymerizing a polymerizable compound in the
presence of the liquid crystal, by selectively irradiating the
substrate surface with an active energy ray at no voltage
application, that is in a state in which no voltage is applied
between the electrodes. This selective irradiation with an
active energy ray will be called a “selective active energy ray
irradiation”. It is simple and easy to use a so-called photo-
mask for the selective active energy ray irradiation, and the
reliability is high. In addition, There is no particular limitation
to the type of an active energy ray for use. Various rays such
as UV rays can be used favorably. Other types of energy such
as heat can be used together.

[0177] The liquid crystal layer before an active energy ray
is irradiated onto the substrates is composed of a composition
(liquid crystal composition) comprising a liquid crystal and a
polymerizable compound, in which the liquid crystal and the
polymerizable compound are coexisting. In contrast to this,
when the polymerizable compound in the liquid crystal layer
is selectively polymerized, the portions that reflect the pattern
of the exposed areas turn to be a polymerized liquid crystal
composition, and the portions that reflect the pattern of the
shielded areas remain as a nonpolymerized liquid crystal
composition, when observed from a direction vertical to the
substrate.

[0178] Selective active energy ray irradiation is performed
at no voltage application. Accordingly, the polymerizable
compound in the liquid crystal composition that have been
subjected to selective active energy ray irradiation is cross-
linked (cured) while the liquid crystal is vertically aligned,
which contributes to the final alighment and conformation of
the liquid crystal in the liquid crystal layer. It was found that
when such a pattern caused by a polymerized liquid crystal
composition exists in a liquid crystal composition, a liquid
crystal is aligned as being tilted towards the direction along
the pattern.

[0179] Utilizing this, it is possible to regulate the tilting
direction of a liquid crystal in domains other than the pat-
terned domains by the polymerized liquid crystal composi-
tion, even without known technologies such as patterning of
electrodes, installation of uneven parts and rubbing ofa align-
ment control film. However, the present technology can be
used together with patterning of electrodes, installation of
uneven parts, rubbing of a alignment control film, etc.

[0180] Polymerization of the unpolymerized liquid crystal
composition can be performed by irradiating with an active
ray the entire surface of the substrate (entire surface active
energy ray irradiation) at voltage application after the selec-
tive active energy ray irradiation. Accordingly, the unpoly-
merized liquid crystal composition polymerizes and the
alignment with tilting towards the direction along the pattern
of the polymerized liquid crystal composition is imple-
mented.

[0181] There is no particular limitation to the polymeriz-
able compound as long as it is polymerizable. So-called
monomers and oligomers are acceptable. In the present inven-
tion, the term “monomer” can be constructed as such a poly-
merizable compound, as long as it is not out of the gist of the
present invention.
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[0182] This polymerization is mostly polymerization with
cross-linking, However, other types of polymerization can be
utilized. The polymerizable compound may be a mixture of
plural types of compounds. If catalysts and other additives are
needed, they can be used as components of the liquid crystal
composition.

[0183] Whether aliquid crystal composition has been poly-
merized, and whether a necessary pattern has been acquired,
can be determined by observing whether the liquid crystal
shows alignment with tilting towards the direction along a
specific pattern, when the unpolymerized liquid crystal com-
position is polymerized later. This “whether the liquid crystal
shows alignment with tilting towards the direction along a
specific pattern” can be determined by observing whether the
liquid crystal layer after the irradiation with an active ray
shows a light shielding pattern caused by alignment of spe-
cific liquid crystal molecules at voltage application.

[0184] Forexample, in one of the preferred embodiment of
the present invention, that is, a liquid crystal display appara-
tus having a structure wherein a first polarizing element and a
second polarizing element are installed on both surfaces of a
pair of substrates with their absorption angles perpendicular
to each other, a liquid crystal having a negative dielectric
constant anisotropy is used for the liquid crystal layer, and the
liquid crystal is aligned in the direction vertical to the sub-
strate surface at no voltage application, the light that has
passed the first polarizer is shielded by the second polarizer so
that no light passes through the liquid crystal display appara-
tus, owing to the fact that the liquid crystal is aligned in the
direction vertical to the substrate surface at no voltage appli-
cation. On the other hand, when a voltage is applied, the
portions where the liquid crystal is aligned with tilting in
appropriate directions against the substrate surface, forming
birefringence and the light can pass the apparatus.

[0185] At this stage, the portions polymerized by the entire
surface active energy ray irradiation have a liquid crystal
molecule alignment with tilting towards the pattern of the
polymerized composition. Accordingly, if the pattern of the
polymerized composition is appropriate, the portions where
alignment with tilting towards proper directions transmit the
light, while, in the areas polymerized by the selective active
energy ray irradiation, portions having liquid crystal mol-
ecules with different tilting directions are present in a random
manner, as such a pattern is not present for the liquid crystal
molecules to go along, and light is not transmitted. In this
way, there will appear a pattern that do not transmit light (light
shielding pattern caused by liquid crystal alignment) in the
areas corresponding to the selective active energy ray irradia-
tion and part of the areas corresponding to the entire surface
active energy ray irradiation.

[0186] The conditions for the voltage application to cause
such a light shielding pattern by liquid crystal alignment in
the liquid crystal layer are determined by whether the liquid
crystal has a positive or negative dielectric constant anisot-
ropy, whether the alignment control film is a vertical or hori-
zontal alignment control film, etc. For example, if a liquid
crystal has a negative dielectric constant anisotropy, and an
alignment control film is a vertical alignment control film, the
light shielding pattern of a liquid crystal layer caused by
liquid crystal alignment appears when voltage is applied as
described above. In this specification, explanation is some-
times made on a preferable embodiment case in which a
liquid crystal having a negative dielectric constant anisotropy
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is used, and vertical alignment to the substrate occurs at no
voltage application by installation of a vertical alignment
control film, etc.

[0187] Such an active energy ray irradiating treatment can
be performed by, in the case of manufacturing a liquid crystal
display apparatus having a liquid crystal layer 23 and a pair of
electrodes (not shown) installed at both sides of the liquid
crystal layer sandwiched between a pair of substrates 21, 22,
forming the liquid crystal layer by enclosing a liquid crystal
composition comprising a liquid crystal and a polymerizable
compound into the space between the substrates, selectively
irradiating the substrate surface with an active energy ray at
no voltage application to polymerize part of the polymeriz-
able compound as shown in FIG. 12A, and by irradiating the
entire substrate surface with an active energy ray at a voltage
application to polymerize the polymerizable compound as
shown in FIG. 12B.

[0188] According to the present invention, factors for qual-
ity fluctuation, complicated processes, lowered yield and
high costs caused by employing fine-width electrode patterns
can be eliminated by such a simple manufacturing method.

[0189] UV rays are simple and easy to handle and are
preferable as an active energy ray. It is convenient and effec-
tive, for example, to apply a photomask 24 for the selective
active energy ray irradiation.

[0190] For example, selective active energy ray irradiation
is performed onto the substrate surface through a photomask
24 having light shielding parts 31 and openings 32 shown in
FIG. 13A. By this, the compound in the areas corresponding
to the openings 32 of the photoresist is polymerized and the
areas 33 of the polymerized liquid crystal composition are
formed as shown in FIG. 13B.

[0191] After that, when a voltage is applied, the liquid
crystal is harder to be tilted in the areas 33 of the polymerized
liquid crystal composition, than in the areas that have been
located under the light shielding parts, that is, areas 34 of the
unpolymerized liquid crystal composition. The crystal mol-
ecules 4 in the areas where the compound has not been poly-
merized are tilted mostly symmetrically about the light
shielding parts, as shown in FIG. 13C. The compound is
subjected to polymerization in this state by entire surface
active energy ray irradiation.

[0192] A liquid crystal display apparatus was manufac-
tured according to the present invention, actually using the
photomask shown in FIG. 14A. FIG. 14B shows an alignment
state of the liquid crystal when a voltage was applied to the
liquid crystal display apparatus. It is to be noted that first and
second polarizing element are installed so that the absorption
angles are at right angles to each other. The black areas 41
correspond to the light shielding pattern of the liquid crystal
layer caused by liquid crystal alignment.

[0193] Various variations are possible for the photomask
pattern, and can be chosen appropriately according to the
purposes. For example, masks as shown in FIG. 15 having a
latticework pattern so that the light shielding pattern of the
liquid crystal layer by liquid crystal alignment comprises a
similar latticework pattern are preferable. Also, as shown in
FIG. 16, masks having a fine slit pattern composed of cross-
shape basic parts and branching parts extending linearly to the
periphery so that the light shielding pattern of the liquid
crystal layer by the liquid crystal alignment comprises a simi-
lar pattern, are preferable. The pattern is used for patterning
the electrodes in a conventional MVA liquid crystal appara-
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tus. It is to be noted that the dark parts are the light shielding
patterns and the bright (white) parts are openings in FIGS. 15
and 16.

[0194] It is preferable to choose the conditions of the
above-described selective active energy ray irradiation so that
the liquid crystal layer shows the above-described specific
light shielding patterns by liquid crystal alignment when a
voltage is applied after the active energy ray irradiation.
Although a specific pattern can be chosen appropriately
according to the practices, those comprising a latticework
patterns and/or a pattern composed of cross-shape basic parts
and branching parts extending linearly to the periphery, can
be enumerated as preferable light shielding patterns of the
liquid crystal layer caused by liquid crystal alignment. As
conditions for the selective active energy ray irradiation to
obtain such a specific light shielding pattern of the liquid
crystal layer caused by liquid crystal alignment, types of
active energy rays, intensity of active energy rays, irradiation
angle of active energy rays, irradiation duration of active
energy rays, pattern shapes of a photomask, position of a
photomask to be installed, etc. can be enumerated.

[0195] When the active energy ray is a UV ray, an intensity
of 0.5-10 J/em® is preferable for the selective active energy
ray irradiation, while an intensity of 2-40 J/cm? is preferable
for the entire surface active energy ray irradiation. In this way,
alignment with a specific tilting direction is realized quickly
and precisely.

[0196] The widths of the light shielding parts and openings
of a photomask are preferably in the range of from 2 to 100
um, respectively. In this way, alignment with an appropriate
tilting direction according to the present invention is easily
realized.

[0197] When the irradiation with an active energy ray is
performed along a direction tilted against the normal line
direction of the substrates, a liquid crystal tends to be tilted
along the direction of the active energy ray irradiation. When
the above-described active energy ray irradiation is per-
formed along a specific direction tilted against the normal line
direction of the substrates, the tilting direction of a liquid
crystal is more easily regulated and may be preferable. A
specific direction thus tilted can be arbitrarily set according to
the practice. The active energy ray irradiation along a specific
tilted direction can be applied to the selective active energy
ray irradiation as well as the entire surface active energy ray
irradiation.

[0198] There are cases in which areas with a lowered light
transmittance come to appear by active energy ray irradiation
along a specific tilted direction or the like. However, the
lowered light transmittance can be improved, as shown in
FIG. 17, by installing a first V4 wavelength plate 72 between
one of the substrates 21 and a first polarizing element 71,
installing a second %4 wavelength plate 74 between the other
substrate 22 and a second polarizing element 73, installing the
absorption axis of the first polarizing element 71 and the slow
axis of the first 4 wavelength plate 72 so that they form an
angle of 45 degrees to each other, installing the absorption
axis of the second polarizing element 73 and the slow axis of
the second V4 wavelength plate 74 so that they form an angle
of 45 degrees to each other, and installing the slow axis of first
V4 wavelength plate 72 and the slow axis of the second 4
wavelength plate 74 so that they are perpendicular to each
other (Iwaki, Togo, and limura, 2000 year Nihon Liquid
Crystal Gakkai, Toronkai, Yoko-shu, PCa02, 2,000), and as a
result, it was possible to improve the light transmittance as a
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whole. For example, the transmittance of the areas having a
low transmittance as shown in shaded parts in FIG. 14B, can
be improved by applying such % wavelength plates.

[0199] In the arrangement shown in FIG. 17, when the
intensity of an incident ray is I,,,, the intensity of a transmitted
ray is I, and the retardation of a liquid crystal layer is R .,
the following relationship holds. That is, the intensity of a
transmitted ray is determined only by R, - and is not depen-
dent on the tilting direction of the liquid crystal.

L.~ si? (R, o2)

our

[0200] There is no particular limitation to the polymeriz-
able compound for use in the liquid crystal composition
according to the present invention, and any known polymer-
izable compound that is used together with a liquid crystal in
a liquid crystal display apparatus can be applied. Cross-link-
able, polymerizable compounds are generally preferable.
Diacrylate compounds are examples.

[0201] There is no particular limitation to the liquid crystal
for use in the liquid crystal composition according to the
present invention, and any known liquid crystal can be used,
as long as it is not out of the gist of the present invention.
Nematic liquid crystals having a negative dielectric constant
anisotropy as have already been explained are exemplified for
a favorable liquid crystal.

[0202] Accordingly, the liquid crystal display apparatus
according to the present invention can realize the same levels
of high transmittance, high speed response and wide visual
angle characteristics as, or higher levels than those of the
liquid crystal display apparatus by the conventional technolo-
gies such as patterning of electrodes, uneven parts and rub-
bing of the alignment control film.

[0203] Also, according to the method for manufacturing a
liquid crystal display apparatus according to the present
invention, simplified production processes can be realized,
and factors for quality fluctuation, complicated processes,
lowered yield and high costs can be removed.

[0204] A liquid crystal display apparatus according to the
present invention can be utilized as a liquid crystal display
apparatus, most typically, such as a display apparatus for a
personal computer and a television receiver, by attaching
drive units, etc. It goes without saying that the liquid crystal
display apparatus can be utilized for any other applications
where the function to control the manner oflight transmission
by means of a liquid crystal is needed. For example, liquid
crystal shutters, liquid crystal projectors, photochromic
glasses and displays for portable information terminals are
enumerated.

[0205] It is to be noted that this aspect according to the
present invention is also effective when a horizontal align-
ment control film is used and a liquid crystal having a positive
dielectric constant anisotropy is used.

EXAMPLES

[0206] The following are detailed descriptions of examples
regarding the first aspect of the present invention.

Example 1

[0207] FIG. 18A is a plan view illustrating the pixel struc-
ture of a liquid crystal display apparatus according to the first
aspect of the present invention. Gate bus lines 81 and data bus
lines 82 arranged in the shape of a matrix are formed, wherein
the gate bus lines 81, the data bus lines 82 are connected to
pixel electrodes through TFT elements 83. Auxiliary capacity
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electrodes 84 are formed across the centers of pixel electrode.
Color filters and a common electrode that cover the whole
display region (both being not shown) are formed on the other
substrate (not shown).

[0208] First, vertical alignment control films were formed
on both substrates. Patterning of the electrodes, installation
uneven parts and rubbing of the alignment control films were
not employed.

[0209] Then, both substrates are bonded together with
spacers in between, a liquid crystal composition obtained by
mixing 0.3% by weight of a diacrylate polymerizable com-
pound in a nematic liquid crystal having a negative dielectric
constant anisotropy is introduced into the space to form a
liquid crystal display apparatus.

[0210] Next, a photomask shown in FIG. 18B was placed
over the liquid crystal display as shown in FIG. 18C, UV rays
were irradiated selectively on the substrate surface through
the photomask at 2 J/em?, while no voltage was applied to the
liquid crystal layer so as to polymerize part of the polymer-
izable compound.

[0211] After that, the photomask was removed, UV rays
were irradiated on the whole substrate surface at 4 J/em?,
while a voltage of 20 V was applied to the liquid crystal layer
so as to polymerize the polymerizable compound.

[0212] Polarizing elements were arranged on both the sides
of the liquid crystal display apparatus so that their absorption
axes were perpendicular to each other, a V4 wavelength plate
was placed between the liquid crystal display apparatus and
each polarizing element so that each of the slow axes of the Y4
wavelength plates and each of the absorption axes of the
adjacent polarizing elements made 45 degrees, and both of
the slow axes of the ¥4 wavelength plates were perpendicular
each other.

Example 2

[0213] The same experiment as for EXAMPLE 1 was per-
formed except that the pixel structure of FIG. 19A was
employed instead of the pixel structure of FIG. 18A, the
photomask of FIG. 19B was employed instead of the photo-
mask of FIG. 18B and the overlaying according to FIG. 19C
was performed instead of the overlaying according to FIG.
18C, 5o as to form a liquid crystal display apparatus.

Example 3

[0214] The same experiment as for EXAMPLE 1 was pet-
formed except that the pixel structure of FIG. 20A was
employed instead of the pixel structure of FIG. 18A, the
photomask of FIG. 20B was employed instead of the photo-
mask of FIG. 18B and the overlaying according to FIG. 20C
was performed instead of the overlaying according to FIG.
18C, so as to form a liquid crystal display apparatus. The
photomask shown in FIG. 20B had a light shielding part
width/opening width of 3 um/3 pm.

[0215] As a result of the above-described experiments, in
all the cases, the switching response velocities at rising/de-
scending between white color and black color were 20 milli-
seconds, compared with 25 milliseconds of the conventional
MVA system in which patterning of electrodes were
employed, the overall transmittance was 1.3 times the value
of the conventional system, and the wide visual angle prop-
erties were on the same level or better. That is, a liquid crystal
display apparatus was realized that had the same levels of
high transmittance, high speed response and wide visual
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angle characteristics as, or higher levels than those of the
liquid crystal display apparatus by the conventional technolo-
gies such as patterning of electrodes, uneven parts and rub-
bing of the alignment control film.

[0216] Embodiments of the second aspect of the present
invention will now be described with reference to the accom-
panying drawings.

Embodiment 1

[0217] FIG. 6 is a plan view depicting a liquid crystal dis-
play apparatus (MVA liquid crystal apparatus) according to
EMBODIMENT 1 of the second aspect of the present inven-
tion, and FIG. 7 is a cross-sectional view along the I-I line in
FIG. 6.

[0218] As FIG. 7 shows, the MVA liquid crystal apparatus
of the present embodiment is comprised of a TFT substrate
110 and a counter substrate 120, between which a liquid
crystal 130, of which the dielectric constant anisotropy is
negative, is sealed. Under the TFT substrate 110 and above
the counter substrate 120, polarizing plates (not illustrated)
are disposed respectively such that the polarizing axes are
perpendicular to each other.

[0219] The TFT substrate 110 is comprised of a glass sub-
strate 111, a gate bus line 1124, an auxiliary capacity bus line
1125, a data bus line 113a, an auxiliary capacity electrode
1135, TFT 114 and pixel electrodes 117, which are formed on
the glass substrate 111, as shown in FIG. 6 and FIG. 7. As
FIG. 6 shows, the gate bus line 1124 extends in the horizontal
direction and the data bus line 1134 extends in the vertical
direction. The gate bus line 112¢ and the data bus line 1134
are electrically separated by a gate insulation film (not illus-
trated) which exists between them. The area partitioned by the
gate bus line 1124 and the data bus line 113a is a respective
sub-pixel. As mentioned later, one color filter, red (R), green
(G) or blue (B) is disposed in one sub-pixel, and one pixel is
comprised of three adjacent sub-pixels of red, green and blue.
[0220] The auxiliary capacity bus line 1124 is formed on
the same wiring layer as the gate bus line 1124, so as to cross
the center section of the pixels.

[0221] Ineach pixel, the TFT 114, pixel electrodes 117 and
auxiliary capacity electrode 1135 are formed. The TFT 114 is
disposed near the section where the gate bus line 112a and the
data bus line 113a cross, the source electrode thereof s elec-
trically connected to the pixel electrodes 116 via a contact
hole, and the drain electrode is electrically connected to the
data bus line 113a.

[0222] The auxiliary capacity electrode 1135 is formed on
the same wiring layer as the data bus line 1134, and is dis-
posed on the auxiliary capacity bus line 1125 via the insula-
tion film. The auxiliary capacity electrode 1135 as well is
electrically connected to the pixel electrodes 117 via the
contact hole.

[0223] The pixel electrodes 117 is made of a transparent
conductor, such as ITO, and is formed on the insulation film
116, which covers the gate bus line 1124, data bus line 113aq,
auxiliary capacity electrode 1135 and TFT 114 as shown in
FIG. 7. On this pixel electrodes 117, slits 117a for domain
regulation are formed. These slits 117 are formed along the
zigzag lines on the gate bus line 112q and auxiliary capacity
bus line 1125, as shown in FIG. 6. The surfaces of the pixel
electrodes 117 are covered with an alignment control layer
118, which is formed by reacting and polymerizing the reac-
tive monomer added to the liquid crystal 130.
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[0224] The counter substrate 120, on the other hand, is
comprised of a glass substrate 121 and a black matrix (not
illustrated), color filters, 122, and a common electrode 123
which are formed under the glass substrate 121, as shown in
FIG. 7. There are three types of color filters 122: red (R),
green (G) and blue (B), and one of the color filters 122, red
(R), green (G) or blue (B) is disposed in each pixel.

[0225] Thesurface ofthe color filter 122 is covered with the
common electrode 123, which is made of a transparent con-
ductor, such as ITO. Under the common electrode 123, bumps
124 for domain regulation are formed. These bumps 124 are
disposed between the rows of slits 117a of the pixel elec-
trodes 117, as shown by the dash and dotted line in FIG. 6.

[0226] The surface of the common electrode 123 is covered
with the alignment control layer 125. The bumps 124 and the
alignment control layer 125 are both formed by polymerizing
a reactive monomer added to the liquid crystal 130.

[0227] Now the manufacturing method of a liquid crystal
display apparatus of the present embodiment will be
described. At first, the creation of the TFT substrate 120 will
be described.

[0228] Initially, a glass substrate (e.g. OA-2 made by Nip-
pon Electric Glass Co. Ltd.) 111 having a thickness of 0.7
mm, for example, is prepared. And a first metal film is formed
on the glass substrate 111 by a PVD (Physical Vapor Depo-
sition) method, then the first metal film is patterned by a
photolithography method to form the gate bus line 1124 and
the auxiliary capacity bus line 1124. Then the gate insulation
film is formed on the entire top face of the glass substrate 111,
and on top of'this, the first silicon film to be the operation layer
of the TFT 114 and a SiN film to be a channel protective film
are formed sequentially. Then the SiN film is patterned by a
photolithography method to form the channel protective film
for protecting the channels of the TFT 114 at a specific area
above the gate bus line 112a.

[0229] Then on the entire top face of the glass substrate
111, the second silicon film, to be an ohmic contact layer
where impurities are introduced at high density, is formed,
and on the second silicon film, the second metal film is
formed. And by a photolithography method, the second metal
film, second silicon film and first silicon film are patterned to
define the shape of the silicon film to be the operation layer of
the TFT 114, and to form the data bus line 1134, auxiliary
capacity electrode 1135, and source electrode and drain elec-
trode of the TFT 114.

[0230] Then the insulation film 116 is formed on the entire
top face of the glass substrate 111, and a contact hole, to reach
the auxiliary capacity electrode 1135 and the source electrode
of TFT 114, is formed respectively at a specific position of the
insulation film 116. Then on the entire top face of the glass
substrate 111, a film made of a transparent conductor, such as
ITO, 1s formed. And by patterning this transparent conductor
film, the pixel electrodes 117, which are electrically con-
nected to the auxiliary capacity electrodes 1135 and the
source electrodes of the TFT 114 via the contact hole, are
formed. At this time, the slits 117a for domain regulation are
also formed in the pixel electrodes 117. In this way, the TFT
substrate 110 is completed.

[0231] Now the manufacturing method of the counter sub-
strate 120 will be described. At first, a metal film made of Cr,
for example, is formed on the glass substrate 121, which
thickness is 0.7 mm, for example, and this metal film is
patterned to form a black matrix. Then the color filters 122 are
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formed on the glass substrate 121. At this time, it is designed
such that one color of the color filters 122, red, green or blue,
is disposed on each pixel

[0232] Then on these color filters 122, the common elec-
trode 123 is formed using a transparent conductor such as
ITO. In this way, the counter substrate 120 is completed.
[0233] Then theliquid crystal 130 having a negative dielec-
tric constant anisotropy, to which a photo-reactive monomer
having a liquid crystal aligning capability is added, is intro-
duced between the TFT substrate 110 and the counter sub-
strate 120 by a vacuum injection method or dropping injec-
tion method. In this case, resin spacers which diameter is 4
pm, for example, are placed between the TFT substrate 110
and the counter substrate 120, so as to maintain a constant
space (cell gap) between the TFT substrate 110 and the
counter substrate 120.

[0234] For the reactive monomer having a liquid crystal
aligning capability, a photo-reactive acrylate or methacrylate
which has an alkyl side chain or fluorine group can be used.
The adding amount of the reactive monomer which have a
liquid crystal aligning capability is several percent by weight
(e.g. 2% by weight). In the liquid crystal 130, a photopoly-
merization initiator or a monomer which does not have a
vertical aligning capability may be used. In this specification,
the structure formed by bonding the TFT substrate and the
counter substrate is called a “panel”.

[0235] Now a step of forming the bumps 124 and the align-
ment control layers 118 and 125 will be described with ref-
erence to FIGS. 8A, 8B and 9. In FIGS. 8A, 8B and 9, the
insulation film 116 and the color filters 122 are omitted.
[0236] As FIG. 8A shows, after the liquid crystal 130 to
which a reactive monomer is added is sealed in a panel 100,
UV rays are irradiated onto the panel 100 at a 500 mJ/cm?®
energy density, for example, using a filter (mask) 135, on
which light transmission parts with a stripe pattern, where the
width is 10 pm and the pitch is 25 um, for example, are
formed. By this, monomer molecules at the portions where
UV rays are irradiated are polymerized preferentially and
grow, and the bumps 124 as shown in FIG. 8B are formed.
[0237] In this case, as FIG. 9 shows, the liquid crystal
molecules 130a align roughly vertically from the substrate
face at the initial stage of the bump 124 formation, and the
bumps 124 grow, maintaining this alignment status. There-
fore even after the bumps 124 are completed, the liquid crys-
tal molecules 130a near the bumps 124 are aligned roughly
vertically from the substrate face.

[0238] Then UV rays are irradiated onto the entire surface
of the panel 100 at an energy weaker than the first irradiation.
By this, the remaining monomer molecules in the liquid crys-
tal 130 are polymerized, and the thin alignment control layers
118 and 125 are formed on the entire surface of the TFT
substrate 110 and the counter substrate 120.

[0239] Depending on the monomer, the alignment control
layer may be formed without irradiating UV rays, since it
polymerizes naturally over time, so a second UV rays irra-
diation is not an essential step. Instead of the filter 135, a filter,
where the portions corresponding to the bump formation
areas are transparent and the rest of it is translucent, may be
used so that the bumps 124 and the alignment control layers
118 and 125 are formed at the same time.

[0240] In the above embodiment, after sealing the liquid
crystal 130, to which the reactive monomer is added, between
the TFT substrate 110 and the counter substrate 120, the
bumps 124 are formed at specific areas by selectively irradi-

Apr. 21,2011

ating UV rays, as described above, so the manufacturing step
is simplified compared with prior art, which forms bumps
using a photoresist. Also the liquid crystal molecules 130a
near the bumps 124 align in a roughly vertical direction from
the substrate face when no voltage is applied, so the leaking of
light can be decreased remarkably. By this, the contrast char-
acteristics can be further improved.

[0241] In the case of an MVA liquid crystal apparatus
according to the present embodiment, alignment division
(multi-domain) is implemented using the difference of
dielectric constants between the liquid crystal 130 and the
bumps 124. In other words, when no voltage is applied, the
liquid crystal molecules near the bumps 124 align roughly
vertically from the substrate face, but if voltage is applied
between the pixel electrodes 117 and the common electrode
123, the electric field near the surface of the bumps 124
distorts since the dielectric constants are different between
the liquid crystal 130 and the bumps 124, and the direction of
the electric field becomes diagonal with respect to the sub-
strate face. Since the cross-section of a bump 124 is roughly
symmetrical with respect to the center line thereof, the tilting
directions of the liquid crystal molecules differ depending on
which side of the bump 130 the liquid crystal molecules exist,
and alignment division (multi-domain) is implemented. As a
result, the liquid crystal display apparatus of the present
embodiment can provide good viewing angle characteristics
similar to that of conventional MVA liquid crystal display
apparatus.

Embodiment 2

[0242] FIGS. 10A-10C are model diagrams depicting the
manufacturing method of the liquid crystal display apparatus
according to EMBODIMENT 2 of the second aspect of the
present invention.

[0243] At first, just like EMBODIMENT 1, the TFT sub-
strate 110 and the counter substrate 120 are formed. And as
FIG. 10A shows, UV rays are irradiated onto the bump for-
mation areas of the TFT substrate 110 and the counter sub-
strate 120 (only the counter substrate is shown in FIG. 10A) at
high energy density. In the present embodiment, it is assumed
that UV rays with a central wavelength of 254 nm are irradi-
ated onto the bump formation areas at a 5000 mJ/cm? energy
density. By this, the surface energy (surface tension) at the
areas where UV rays were irradiated becomes higher than the
surface energy of the other areas.

[0244] Then, as FIG. 10B shows, the panel 100 is formed by
disposing the TFT substrate 110 and the counter substrate 120
with spacers in between, just like EMBODIMENT 1, and
sealing the liquid crystal 130 having a negative dielectric
constant anisotropy to which a reactive monomer is added,
between the substrates. Then on the entire surface of the panel
100, UV rays, of which the central wavelength is 365 nm are
irradiated at 500 mJ/cm>, for example.

[0245] By this, as FIG. 10C shows, the monomer in the
liquid crystal 130 deposits on the surface of the TFT substrate
110 and the counter substrate 120, and is polymerized by UV
rays, and the alignment control layers 118 and 125 are
formed. In this case, the deposition amount of the monomer is
higher in the areas where the surface energy is high compared
with other areas, and as a result, the bumps 124 are formed on
the alignment control layers 118 and 125 simultaneously. In
the present embodiment as well, the same effectas EMBODI-
MENT 1 can be implemented.
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[0246] 1In the above example, UV rays are irradiated at a
higher energy density so that the surface energy of the bump
formation areas of the substrate becomes higher than the
surface energy of the other areas, but the surface energy of the
bump formation areas may be changed by other methods. For
example, the surface energy of the bump formation areas can
be made higher than the other areas by such a method as
exposing to plasma or by contacting a chemical such as an
acid.

Embodiment 3

[0247] FIGS.11A and 11B are model cross-sectional views
showing the manufacturing method of the liquid crystal dis-
play according to EMBODIMENT 3 of the second aspect of
the present invention.

[0248] Inthepresent embodiment, the resin spacers 136 are
selectively disposed at the bump formation areas, as shown in
FIG. 11A. For example, if electrodes in a pattern shape of the
bump formation areas are disposed under the substrate (TFT
substrate 110 or counter substrate 120), and spacers are dis-
persed on the substrates while applying voltage to these elec-
trodes, the spacers 136 can be disposed only at the electrode
sections by static electricity.

[0249] Also the spacers 136 may be added to an ink, so that
the spacers 136 are disposed at specific sections by ejecting
this ink from the head of an inkjet printer to the surface of the
substrate (TFT substrate or counter substrate). Also an adhe-
sive may be coated in a specific pattern on the substrate so that
the spacers 136 are dispersed, then spacers which are not fixed
with the adhesive are removed.

[0250] Inthis way, the spacers 136 are disposed at the bump
formation areas, then the panel 100 is formed by sealing the
liquid crystal 130, to which a reactive monomer is added,
between the TEFT substrate 110 and the counter substrate 120,
just like EMBODIMENT 1. Then UV rays with a central
wavelength of 365 nm are irradiated onto the entire panel at
500 mJ/cm? energy density, for example. Since the reactive
monomer has the nature to easily attach to the surface of resin
spacers, the monomer is polymerized with the spacers 136 as
cores, and the bumps 137 are formed, as FIG. 11B shows.
Also by irradiating UV rays, thin alignment control layers
118 and 125 are formed on the surfaces of the pixel electrodes
117 and the common electrode 123. In the present embodi-
ment as well, the same effect as EMBODIMENT 1 is imple-
mented.

Embodiment 4

[0251] FIGS. 48, 48B and 49 illustrate the manufacturing
method of a liquid crystal display apparatus according to
EMBODIMENT 4 of the second aspect of the present inven-
tion.

[0252] In this embodiment, a TFT substrate and a counter
substrate 120 are disposed with spacers in between. A liquid
crystal having a negative dielectric constant anisotropy added
with a reactive monomer is filled between these substrates
110 and 120. And as shown in FIGS. 9A and 9B, a bump 140
is grown from one of the substrates to contact the other. For
example, when a liquid crystal 130 is sealed between the TFT
substrate and the counter substrate 110 having a bump grow-
ing from one of the substrates and contacting the other by a
dropping injection method, the liquid crystal 130 can be
sealed inside of the bump 140. By this, the step of applying a
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sealant and the step of curing the sealant can be omitted, and
accordingly, the manufacturing steps can be simplified.

Embodiment 5

[0253] FIGS. 21A to 21C are model views illustrating a
method for manufacturing a liquid crystal display apparatus
according to EMBODIMENT 5 of the second aspect of the
present invention. It is to be noted that in FIGS. 21A to 21C,
only major parts of a TFT substrate and counter substrate are
illustrated for simplifying the explanation. The actual struc-
tures of the TFT substrate and counter substrate are basically
the same as explained in EMBODIMENT 1.

[0254] First, a TFT substrate 110 and a counter substrate
120 are formed as shown in FIG. 21A in the same manner as
in EMBODIMENT 1. Since, in this embodiment, the align-
ment control layer is also formed by a monomer added to the
liquid crystal, electrodes (pixel electrode 117 or a common
electrode 123) are exposed on the surfaces of the TFT sub-
strate 110 and the counter substrate 120. Furthermore, in this
embodiment, protrusions (or bumps) 211, 221 for domain
regulation are formed in the TFT substrate 110 and counter
substrate 120 respectively, as shown in FIG. 21A. These
protrusions 211, 221 can be formed, for example, using a
photoresist and performing a selective light exposure and
developing treatment.

[0255] Next, the TFT substrate 110 and counter substrate
120 are arranged to face each other with spacers in between,
and a liquid crystal 130 having a negative dielectric constant
anisotropy added with a reactive monomer (UV-curable
resin) and a polymerization initiator is introduced into the
space between the substrates to form a panel 200. As a method
for introducing a liquid crystal, there are a dropping injection
method and a vacuum injection method. Either can be
employed.

[0256] Into the liquid crystal 130, at least two types of
resins, that is, a resin having a high wettability to a substrate
(that is, having low vertical alignment controlling properties)
and a resin having a low wettability to a substrate (that is,
having high vertical alignment controlling properties) are
added. FIG. 22 shows chemical formulae of a resin having a
high wettability to a substrate and a resin having a low wet-
tability to a substrate. In FIG. 22, resin 1 has a low wettability
to a substrate and has a group showing vertical alignment in
part A of the formula. A resin 2 has a high wettability to a
substrate and has a group not showing vertical alignment in
part B of the formula. These resins comprise photofunctional
groups such as acrylate and methacrylate.

[0257] After liquid crystal 130 added with a reactive mono-
mer is introduced into the panel 200, UV-ray irradiation with
a mercury lamp was performed on the whole panel. In this
case, since the light is irradiated to the liquid crystal through
the glass substrate, UV rays with shorter wavelengths are cut
by the glass substrate. Accordingly, it is necessary to use a
polymerization initiator that can react to light that comes
through the glass substrate. To be concrete, a polymerization
initiator having an absorption length longer than 300 nm is
used.

[0258] By means of this UV-ray irradiation, the monomer
in the liquid crystal 130 polymerizes at the surfaces of the
TFT substrate 110 and the counter substrate 120 to form
alignment control layers 212, 222 on the surfaces of the TFT
substrate 110 and the counter substrate 120. Accordingly,
liquid crystal molecules that have been aligned roughly hori-
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zontally or in a random direction just after the injection, are
aligned mostly vertically, as shown in FIG. 21C.

[0259] In this embodiment, protrusions 211, 221 are
formed on the surfaces of the TFT substrate 110 and the
counter substrate 120 as described above. Also, the liquid
crystal 130 added with a reactive monomer is introduced into
the space between the TFT substrate 110 and the counter
substrate 120, followed by UV-ray irradiation to form the
alignment control layers 212, 222 on the surfaces of the TFT
substrate 110 and the counter substrate 120. Through this,
liquid crystal molecules near the protrusions 211, 221 are
aligned in the direction vertical to the surfaces of the protru-
sions 211, 221, while liquid crystal molecules in the other
areas are aligned in the direction roughly vertical to the sub-
strate surfaces. Therefore, light leakage at no voltage appli-
cation is little. Furthermore, when a voltage is applied, the
tilting direction of liquid crystal molecules about one of the
side of a protrusion 211 or 221 is different from the tilting
direction of liquid crystal molecules about the other side of
the protrusion 211 or 221, and alignment division (multi-
domain) is achieved. By this, a liquid crystal display appara-
tus having good contrast and viewing angle characteristics is
obtained.

[0260] A liquid crystal display apparatus was prepared
according to the above-described procedure, and the display
characteristics were determined. As a result, the contrast ratio
was not less than 300:1, the response speed (black->white-
>black) was 30 milliseconds and the transmittance was 5%.
The visual angle was not less than 170 degrees both in the
vertical and lateral (horizontal) directions, the same perfor-
mance as or better performance than that of the conventional
MVA type liquid crystal display apparatus wherein alignment
control film was formed by printing.

[0261] In the above-described embodiments, explanation
was made using protrusions (bumps) for regulating domains.
However, it is to be noted that the domain regulations is
possible by installing dents instead of the protrusions.
[0262] Furthermore, in the above-described embodiments,
explanation was made regarding the case in which a polyim-
ide and a polyamic acid were not used at all in order to make
the present invention clearer. However, it is also possible to
mix a polyimide and a polyamic acid into a UV-curable resin,
or use a polyimide and a polyamic acid as part of a UV-
curable resin.

Embodiment 6

[0263] FIGS. 23A to 23C are model views illustrating a
method for manufacturing a liquid crystal display apparatus
according to EMBODIMENT 6 of the second aspect of the
present invention. First, a TFT substrate 110 and a counter
substrate 120 are formed as shown in FIG. 23 A in the same
manner as in EMBODIMENT 1 (only the TFT substrate 110
is shown in FIG. 23A). Since, in this embodiment, too, the
alignment control layer is formed by a UV-curable resin
added to a liquid crystal, electrodes (pixel electrode 117 or a
common electrode 123) are exposed on the surfaces of the
TFT substrate 110 and the counter substrate 120. These elec-
trode may be coated with SiN or other insulating films. Fur-
thermore, different from EMBODIMENT 5, protrusions are
not formed in this embodiment.

[0264] After that, a rubbing treatment is performed on the
surfaces of the TFT substrate 110 and the counter substrate
120 as shown in FIG. 23B. The rubbing is achieved by rub-
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bing the surfaces of the TFT substrate 110 and the counter
substrate 120 along one direction, using, for example, a cloth
roller 204.

[0265] Next, the TFT substrate 110 and counter substrate
120 are arranged to face each other with spacers in between as
shown in FIG. 23C, and a liquid crystal 130 added with a
photoreactive monomer (UV-curable resin) is introduced into
the space between the substrates. After that, UV-irradiation is
performed to form alignment control layers 212,222 on the
surfaces of the TFT substrate 110 and the counter substrate
120.

[0266] FIGS. 24A to 24C show the results of investigation
to see the alignment state of a liquid crystal display apparatus
prepared by this embodiment. FIG. 24A shows a state to
which no voltage was applied, FIG. 24B shows a state to
which a voltage of 2V was applied, and FIG. 24C shows a
state to which a voltage of 3V was applied. As shown in these
figures, the transmittance changed as the voltage changed,
and, accordingly, it is confirmed that the alignment direction
of liquid crystal molecules was regulated by the rubbing
direction. It is to be noted that streak lines were observed in
FIG. 24B that were probably generated where the intensity of
rubbing was a little too hard. This sort of display abnormali-
ties can be considered as being avoidable by establishing
appropriate rubbing conditions.

[0267] According to this embodiment, since the rubbed
surfaces do not directly contact with the liquid crystal, minute
particles (rubbing dusts) generated by the rubbing do not
come into the liquid crystal 130 and contaminate it. Accord-
ingly, the reliability of the liquid crystal display apparatus can
be improved.

[0268] According to the conventional method in which an
alignment control film is formed by printing, even though the
base layer for the alignment control film is subjected to a
rubbing treatment, the minute unevenness formed in the rub-
bing is buried during the printing, and accordingly, it is not
possible to align liquid crystal molecules in the rubbing direc-
tion. However, when an alignment control layer is formed by
polymerizing the resin added to the liquid crystal 130 as in
this embodiment, it is possible to align liquid crystal mol-
ecules in the rubbing direction, if an rubbing treatment is
performed on the base layer.

Embodiment 7

[0269] FIGS.25,26A and 26B are model views illustrating
amethod for manufacturing a liquid crystal display apparatus
according to EMBODIMENT 7 of the second aspect of the
present invention.

[0270] First, a TFT substrate and a counter substrate are
formed in the same manner as in EMBODIMENT 1, and a 3
pm-thick insulating layer made of an insulating material such
as SiN is formed, on at least one of the TFT substrate and the
counter substrate (the TFT substrate in this embodiment).
Then, this insulating film is subjected to patterning by pho-
tolithography to form fine stripe patterns (uneven patterns) as
indicated in black in FIG. 25. Then, the TFT substrate 110 and
counter substrate are arranged to face each other with spacers
in between, and a liquid crystal having a negative dielectric
constant anisotropy added with a photoreactive monomer
(UV-curable resin) is introduced into the space between the
substrates. Then, UV irradiation is performed in the same
manner as in EMBODIMENT 1 to polymerize the monomer
on the surfaces of the TFT substrate and the counter substrate
face to form alignment control layers. In this embodiment,
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too, the tilting direction of liquid crystal molecules can be
controlled by the fine unevenness installed on the TFT sub-
strate at a voltage application.

[0271] FIG. 26A shows the state of transmitted light at a
voltage application of a liquid crystal display apparatus pre-
pared according to this embodiment. To compare, FIG. 26B
shows the state of transmitted light at a voltage application of
a liquid crystal display apparatus prepared by forming the
same uneven patterns as in the above-described embodiment,
and forming an alignment control film by printing. As undet-
stood from FIG. 26A, regarding the liquid crystal display
apparatus according to this embodiment, the liquid crystal
alignment is controlled by the uneven patterns, while as
understood from FIG. 26B, regarding the liquid crystal dis-
play apparatus according to a comparative example, minute
uneven parts are buried with the alignment control film if the
thickness of the uneven patterns is 0.03 pm or less, and
accordingly, it is not possible to regulate the alignment direc-
tion of liquid crystal molecules at a voltage application, ran-
domly generating areas that do not transmit light.

[0272] Itis to be noted that when the uneven patterns were
changed to those shown in FIGS. 27A, 27B and 28, good
display characteristics were obtained. With the patterns of
FIGS.25 and 27A, domains with changes in alignment direc-
tionby 180 degrees are formed, and the patterns of FIGS. 27B
and 27, domains with changes in alignment direction by 90
degrees are formed. In both cases, consistent alignment con-
trol was always possible. Furthermore, in the cases where the
tips of the patterns are tapered (FIGS. 25 and 27B) as well as
in the cases where the tips of the patterns are not tapered
(FIGS. 27A and 28), provision of pretilting was possible.

Embodiment 8

[0273] The following is an explanation of EMBODIMENT
8 according to the second aspect of the present invention. In
this embodiment, one pixel area is divided into multiple fine
areas, and an alignment control layer is formed by changing
the surface energy at the interface for each fine area.

[0274] Accordingly, a TFT substrate and a counter sub-
strate are formed in the same manner as in EMBODIMENT 1.
Then, a photoresist is coated on a least one of the TFT sub-
strate and the counter substrate (the TFT substrate in this
embodiment) to form a resist film, followed by baking at 120°
C.

[0275] Next, UV rays are irradiated onto the resist film
using a mask as shown in black in FIG. 29. By means of this,
the surface energy at the areas irradiated with UV rays
becomes higher than the other areas.

[0276] FIG. 30A is a graph indicating the relationship
between the UV irradiation energy density and the surface
energy, when UV irradiation on to the photoresist film is
performed, plotting the UV irradiation energy density as ordi-
nate and the surface energy as abscissa. As FIG. 30A indi-
cates, the surface energy can be enhanced by irradiating a
photoresist film with UV rays. It is to be noted that FIG. 30B
shows the relationship between the UV irradiation energy
density and the surface energy when UV rays are irradiated
onto the surface of a vertical alignment control film.

[0277] After the UV irradiation onto the resist film in this
way, the TFT substrate and the counter substrate are bonded
together with spacers in between and a liquid crystal having a
negative dielectric constant anisotropy added with a photore-
active monomer is introduced to form a panel. Then, UV
irradiation is performed on the whole surface of the panel to
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form an alignment control layer by polymerizing the mono-
mer on the surface of the TFT substrate and the counter
substrate. In this process, the degree of vertical alignment is
weaker in the areas where the surface energy is lower than in
the areas where the surface energy is high. That is, at a voltage
application, the liquid crystal molecules are tilted towards the
direction horizontal along the patterns of the mask used at the
time of UV irradiation.

[0278] FIG. 31 shows a state of the liquid crystal display
apparatus prepared according to the embodiment at the time
when the pixels are lighted. As shown in FIG. 31, this embodi-
ment was also able to show display characteristics similar to
those of EMBODIMENT 7.

[0279] The above-described explanation is made on the
case where the surface energy is modified by irradiating a
resist with UV rays. However, it is to be noted that the surface
energy may be modified by other methods. For example, it is
possible to change the surface energy of minute areas by the
existence/nonexistence of ITO.

Embodiment 9

[0280] The following is an explanation of EMBODIMENT
9 according to the second aspect of the present invention. As
explained previously, in the conventional MVA liquid crystal
display apparatus, dark lines come to appear owing to the fact
that the areas over the protrusions and the slits make the
boundaries of the alignment division, with a result that the
transmittance at the time of white display is lowered.
Although, the transmittance can be raised if the spaces
between the protrusions or slits are sufficiently widened, such
an act-ion results in that the time period from the start of the
voltage application between the electrodes to the time when
the alignment of the liquid crystal molecules is stabilized, will
be longer for the areas distant from the protrusions or slits,
and accordingly, the response speed will be decreased.
[0281] FIG. 32 is a collection of figures showing the tran-
sient response characteristics of a liquid crystal display appa-
ratus that did not have a polymer network, at the time when
the pixels were lighted. This liquid crystal display apparatus
had pixel electrodes 317 with slits having a shape as shown in
FIG. 33.

[0282] This liquid crystal display apparatus showed a good
lighting state finally as shown in FIG. 34. However, it took a
long time for the apparatus to come to a static state as shown
in FIG. 32. It can be considered that while the liquid crystal
molecules in the vicinity of the edges of the slits of pixel
electrodes are aligned along the direction determined by the
slits almost at the time of voltage application, it takes time for
the liquid crystal molecules distant from the edges of the slits
to be aligned in a stable manner.

[0283] To solve this problem, a liquid crystal display appa-
ratus is proposed that is obtained by introducing a liquid
crystal added with a polymerizable compound (polymerizing
component) such as a monomer and an oligomer into a space
between a TFT substrate and counter substrate, irradiating
with UV rays after stabilizing the alignment direction of the
liquid crystal molecules while applying a voltage between the
electrodes to form a polymer network by polymerizing the
polymerizable compound. This type of liquid crystal display
apparatus is called a polymer-stabilized type liquid crystal
display apparatus. In the polymer-stabilized type liquid crys-
tal display apparatus, the liquid crystal molecules between the
electrodes are tilted in the direction determined by the poly-
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mer network simultaneously with the voltage application,
improving the response characteristics.

[0284] However, in the polymer-stabilized type liquid crys-
tal display apparatus, the productions steps are complicate
and thus, the apparatus is not suitable for mass production,
since irradiation with UV rays is performed while applying a
voltage between the pixel electrodes and the common elec-
trode, after connecting the electrodes installed on the TFT
substrate or counter substrate with the external drive circuit.
Also, when UV irradiation is performed while driving the
TFT’s, their characteristics may be changed owing to the UV
rays, with a result that a normal voltage is not applied to the
pixel electrodes. If the polymerizable compound is polymer-
ized in this state, the alignment regulation powers by the
polymer network become different from pixel to pixel, caus-
ing variations in the T-V (transmission-voltage) characteris-
tics of a liquid crystal cell and leading to display defects such
as display fluctuation or the like.

[0285] Accordingly, in this embodiment, a polymer net-
work is formed by polymerizing a polymerizable compound
added to a liquid crystal at no voltage application between the
electrodes. Therefore, the regulating power to align the liquid
crystal molecules vertically is intensified.

[0286] Liquid crystal molecules in the vicinity of the pro-
trusions or slits are aligned in the direction determined by the
protrusions or slits almost simultaneously at the time of a
voltage application. The alignment of these liquid crystal
molecules affects the liquid crystal molecules surrounding
them and determines the alignment direction of the surround-
ing liquid crystal molecules. In this way, the alignment direc-
tion is propagated and determines the alignment direction of
liquid crystal molecules distant from the protrusions or slits.
[0287] Inan MVA liquid crvstal display apparatus that do
not have a polymer network, liquid crystal molecules distant
from the protrusions or slits are aligned randomly almost
simultaneously at the time of a voltage application, and when
the alignment direction of the liquid crystal molecules in the
vicinity of the protrusions or slits is propagated, change the
alignment direction to the direction. It takes sometime to
change the alignment direction of the liquid crystal molecules
that have been aligned once, deteriorating the response speed
of a liquid crystal display apparatus without a polymer net-
work.

[0288] In this embodiment, the vertical alignment regula-
tion power of liquid crystal molecules is enhanced. Owing to
this, the liquid crystal molecules are aligned vertically until
the alignment direction of the liquid crystal molecules in the
vicinity of the protrusions or slits is propagated, and they are
aligned in specific directions after the alignment direction has
been propagated. Accordingly, the response time is shortened
compared with a liquid crystal display apparatus without a
polymer network.

[0289] FIGS. 35A and 35B are model views illustrating, in
a step-wise way, a method for manufacturing a liquid crystal
display apparatus according to this embodiment.

[0290] First, as shown in FIG. 35A, a TFT substrate 310
having pixel electrodes 311, TFT’s, etc. and a counter sub-
strate 320 having a common electrode 321 are formed in the
same manner as for EMBODIMENT 1. However, protrusions
312, 322 and vertical alignment control films 313, 323 are
formed on the liquid crystal side surfaces ofthe TFT substrate
310 and the counter substrate 320 in this embodiment. For
example, the protrusions 312, 322 are formed by using a
photoresist and performing a selective light exposure treat-
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ment and development treatment, and the vertical alignment
control film 313, 323 are formed by applying polyimide.
[0291] Next, as shown in FIG. 35B, the TFT substrate 310
and the counter substrate 320 are placed facing each other and
with spacers in between, and a liquid crystal 330 having a
negative dielectric constant anisotropy added with a polymer-
izable compound is introduced between the two substrates to
form a panel 300. In this case, the constitution, mixing ratio
and amount to be added of the polymerizable compound is
established in accordance with desired T-V characteristics
and threshold values as explained later.

[0292] Next, UV irradiation is performed onto the panel
300 at no voltage application between the electrodes to form
a polymer network by polymerizing the polymerizable com-
pound. Owing to this, the liquid crystal molecules come to be
aligned vertically to the surfaces of the alignment control film
313, 323 atno voltage application. In this way, a liquid crystal
display apparatus according to this embodiment is com-
pleted.

[0293] FIG. 36 is a graph showing T-V characteristics of a
liquid crystal display apparatus in which a bifunctional
monomer in the capacity of a polymerizable compound was
added inamounts 0f 0.5, 1 and 3 wt. %. Furthermore, FIG. 37
is a graph showing T-V characteristics of a liquid crystal
display apparatus in which a monofunctional monomer in the
capacity ofa polymerizable compound was added in amounts
of 1 and 2 wt. %. In FIGS. 36 and 37, T-V characteristics
(indicated as “Ref. in the graphs) of a conventional MVA
liquid crystal display apparatus are also shown for compari-
son.

[0294] As FIGS. 36 and 37 show, when a polyfunctional
monomer in the capacity of a polymerizable compound is
added to a liquid crystal layer 330 in a large amount, two- or
three-dimensional polymer network is formed on the align-
ment control films 313, 323, and accordingly, restriction on
the liquid crystal molecules is enhanced and the threshold
voltage is changed greatly. On the other hand, when a mono-
functional monomer in the capacity of a polymerizable com-
pound is used even in a large amount, a polymer network is
formed only mono-dimensionally, and accordingly, restric-
tion on the liquid crystal molecules is weak and the threshold
voltage is hardly changed, while the T-V characteristics
change. Therefore, by controlling the constitution of the poly-
merizable compound, amount to be added and polymeriza-
tion conditions (UV radiation amount, etc.), the anchoring
energy or the vertical alignment ability can be changed
greatly, with a result that it is possible to control the T-V
characteristics and threshold values of a liquid crystal display
apparatus.

[0295] In the above-described embodiments, explanations
are made on the cases in which a monomer that is polymer-
izable by UV rays is used. However, it is to be noted that
oligomers polymerizable by UV rays or monomers or oligo-
mers polymerizable by heat may be used. Furthermore, by
changing the UV radiation energy for each group of R pixels,
G pixels and B pixels, it is possible to optimize the T-V
characteristics and the threshold values according to each
group of pixels. Furthermore, the T-V characteristics and the
threshold values may be optimized by installing plural areas
with different degrees of polymerization (anchoring energy)
in one pixel.

[0296] FIG. 38 is a collection of figures showing the tran-
sient response characteristics from an unlighted state to a
lighted state of a liquid crystal display apparatus (an example
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of the present invention) of this embodiment that was actually
produced. Furthermore, FIG. 39 is a collection of figures
showing the transient response characteristics from an
unlighted state to a lighted state of an MVA liquid crystal
display apparatus (comparative example) that did not have a
polymer network, at the time when the pixels are lighted.
Furthermore, FIG. 40 is a collection of figures showing the
transient response characteristics from an unlighted state to a
lighted state of an MVA liquid crystal display apparatus (con-
ventional apparatus example) with a polymer network formed
by irradiating UV rays while a voltage was applied between
the electrodes.

[0297] As shown in FIGS. 38 to 40, the response speed of a
liquid crystal display apparatus according to the present
embodiment from the unlighted state to the lighted state is
smaller than that of the MVA liquid crystal display apparatus
of the conventional apparatus example but is sufficiently
improved (larger) compared with the liquid crystal display
apparatus of the comparative example without a polymer
network.

[0298] Inthis way,if only the response characteristics from
the unlighted state to the lighted state are considered, the
MVA liquid crystal display apparatus of the conventional
apparatus example is the best. However, it is necessary to
apply a voltage between the electrodes during the irradiation
with UV rays in the case of the MVA liquid crystal display
apparatus of the conventional apparatus example. This leads
to a defect of deteriorating the mass-productivity. Further-
more, there is another defect of fluctuating T-V characteristics
caused by the polymer network formation by UV irradiation
with TFT driving.

[0299] On the other hand, in the present embodiment, since
the polymer network is formed by UV irradiation at no volt-
age application between the electrodes, an excellent mass-
productivity is realized, and fluctuation in the T-V character-
istics can be avoided. Furthermore, the response
characteristics from the unlighted state to the lighted state are
good, though it is smaller than that of the MVA liquid crystal
display apparatus of the conventional apparatus example.
[0300] The reason that the response speed from the
unlighted state to the lighted state of the MVA liquid crystal
display apparatus of the conventional apparatus example is
large, is that the liquid crystal molecules are tilted in a specific
direction at no voltage application by the polymer network.
However, the response speed from the lighted state to the
unlighted state becomes smaller due to this polymer network,
and the front contrast ratio would be deteriorated. On the
other hand, in the liquid crystal display apparatus of the
present embodiment, the anchoring energy to align the liquid
crystal molecules vertically by the polymer network is
enhanced. This leads to the effects that the response speed
from the lighted state to the unlighted state is large, and the
front contrast ratio is further improved.

[0301] Next, explanation of the third aspect of the present
invention follows in reference to the attached figures.

[0302] FIGS. 41A and 41B illustrate the steps for manufac-
turing a liquid crystal display apparatus of FIRST
EXAMPLE of this aspect. FIG. 41A illustrates a step for
diagonal light irradiation with a mask, and FIG. 41B illus-
trates a step for diagonal light irradiation without a mask.
[0303] As shown in FIGS. 41A and 41B, in the liquid
crystal display apparatus of this FIRST EXAMPLE, fine
(ITO) electrodes 82 are installed on the first substrate 81,
one-plane (ITO) substrate 84 is installed on the second sub-
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strate 83. A vertical alignment control film 85 with a vertical
alignment treatment is attached to the fine electrodes 82 side
of the first substrate 81, and a horizontal alignment control
film 86 that has been subjected to a horizontal alignment
treatment so as to make the pretilting angle as small as pos-
sible, is attached to the one-plane electrode 84 side of the
second substrate 83.

[0304] Next, these two substrates 81 and 83 are set with
their alignment control film facing each other, and sealed with
a space in between to form a blank panel.

[0305] A liquid crystal comprising a reactive monomer
(liquid crystal composition) 87 is introduced. This liquid
crystal is in a normally black mode. It is to be noted that the
liquid crystals used in the following examples are in a nor-
mally black mode.

[0306] Next, irradiation with a light is performed diago-
nally, that is in the direction tilted to the normal line direction
of the surface of the first substrate 81 or the second substrate
82. Asalight, UV rays are irradiated, for example. The liquid
crystal molecules 88 are pretilted in the direction of the light
irradiation on the liquid crystal 87 side of the one-plane
electrode 84, and switching to the longitudinal direction of
the slit stripes of the fine electrodes 82 occurs, when a voltage
is applied between the fine electrodes 82 and the one-plane
electrode 84. Next is an explanation of this point.

[0307] FIGS. 42A, 42B and 42C illustrate the electrode
constitution of a liquid crystal display panel and the move-
ments of the liquid crystal molecules of the FIRST
EXAMPLE according to this aspect present invention. FIG.
42A illustrates a one-plane electrode and FIG. 42B illustrates
fine slit electrodes, and FIG. 42C illustrates the movements of
the liquid crystal molecules at a voltage application between
the electrodes.

[0308] AsshowninFIG. 42A, the one-plane electrode 84 is
an ITO electrode that is uniformly formed all over a second
substrate 83. As shown in FIG. 42B,; the fine electrodes 82 are
ITO electrodes that are processed to have fine slits. The direc-
tions of the liquid crystal molecules 88 are switched to the
directions along the longitudinal direction of the slit stripes of
the fine electrodes 82 (tilted in the directions of the arrows in
FIG. 42C) as shown in FIG. 42C, owing to the fine and regular
electric field distortion generated between the fine electrodes
82 and the one-plane electrode 84. A liquid crystal display
panel having this type of movement is novel, and a high-
performance liquid crystal display apparatus can be manu-
factured when this panel is applied.

[0309] In the above-described constitution, a liquid crystal
display panel of the FIRST EXAMPLE utilizes fine elec-
trodes 82 that are processed to have fine slits to switch the
direction of the liquid crystal molecules 88 to the directions
along the longitudinal direction of the slit stripes of the fine
electrodes 82.

[0310] Furthermore, the FIRST EXAMPLE of the present
invention can be realized in a different embodiment wherein
the first substrate is formed by performing a vertical align-
ment treatment on a one-plane electrode with fine insulating
bumps in the shape of a pattern as shown in FIG. 42B thereon,
instead the fine electrodes 112 of ITO electrodes with fine
slits formed thereon.

[0311] FIG. 43 is a flow chart illustrating the steps for
manufacturing a liquid crystal display panel of the FIRST
EXAMPLE of this aspect of the present invention. The struc-
ture of the liquid crystal display panel can be realized by
performing light (UV, for example) irradiation twice (with a
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mask for the first irradiation, and without a mask for the
second irradiation). Although UV rays are mainly used as a
light, the present invention is not limited to this.

[0312] First, in step S1, an alignment control film 85 is
formed on a first substrate 81 with fine electrodes 82 formed
thereon, a horizontal alignment control film 86 is formed ona
second substrate 83 with a one-plane electrode 84.

[0313] In step S2, the substrates prepared in step S1 are
placed facing each other, and are sealed with a space in
between to form a blank panel.

[0314] In step S3, a liquid crystal composition in which a
polymerizable monomer is mixed with a liquid crystal is
introduced into the space of the blank panel and sealing is
performed.

[0315] In step S4, as shown in FIG. 41A, light irradiation
with a mask is performed in a direction tilted to the normal
line direction of the surface of the liquid crystal display panel
having the liquid crystal composition containing the poly-
merizable monomer sealed therein.

[0316] In step S5, as shown in FIG. 41B, light irradiation
without a mask is performed in a direction tilted to the normal
line direction of the surface of the liquid crystal display panel
having the liquid crystal composition containing the poly-
merizable monomer sealed therein.

[0317] Hereafter, “light irradiation in a direction tilted to
the normal line direction of the surface of the liquid crystal
display panel” is simply referred to as “light irradiation in a
tilted direction”. When irradiated in a tilted direction is per-
formed in this way, alignment of the liquid crystal molecules
is regulated in the tilted direction.

[0318] Hereupon, a negative-type (y&=-3.6) liquid crystal
is used as the liquid crystal, and a bifunctional acrylate is used
as the reactive monomer. Experiments showed that similar
results were obtained in a methacrylate system. Since a value
on the level of 0.5% is needed for the rate of a monomer in a
liquid crystal to achieve sufficient alignment characteristics,
it is desirable to use a monomer having a chemical structure
similar to that of a liquid crystal material from the viewpoint
of solubility.

[0319] In the experiments, similar good results were
obtained when 0.3-0.5% of a monomer is mixed with a liquid
crystal. Irradiation angles in the range of 0-40 degrees were
employed for giving pretilting angles the most efficiently. A
mask corresponding to half of the pixels was used in the first
irradiation (step S4) for the purpose of regulating the align-
ment of half of the liquid crystal layer, and subsequently, in
the second irradiation (step S5), irradiation from the direction
opposite to the irradiation direction for the first irradiation is
performed all over the panel. In this case, the region that had
been subjected to the first irradiation for alignment control
was not affected by the second (over all) radiation. It is
thought that the reason is that the amount of the reactive
monomer (acrylate) in the corresponding half part was little,
and accordingly, the effect was weakened.

[0320] In this way of passing through the treatments steps
as shown in FIG. 43, it is possible to realize a liquid crystal
display panel having two domains showing different align-
ment regulation directions when a voltage is applied to each
pixel.

[0321] By developing the above-described alignment regu-
lation technology. it is possible to realize a liquid crystal
display panel having four-division alignment structure (SEC-
OND EXAMPLE), having four domains at a voltage appli-
cation (breaking-up into two areas by the microstructure,
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followed by breaking-up into two areas by UV irradiation
onto each microstructure, and accordingly, making four
domains). Explanation of SECOND EXAMPLE follows
below.

[0322] FIGS. 44A to 44C illustrate the structure of the
electrodes and the movement of the liquid crystal molecules
in a liquid crystal display panel according to this example.
FIG. 44A illustrates a one-plane electrode, FIG. 44B illus-
trates electrodes with fine slits, and FIG. 44C illustrates the
movement of the liquid crystal molecules when a voltage is
applied. The electrodes with fine slits in FIG. 44B and the
alignment regulation direction of the liquid crystal molecules
shown in FIG. 44C are different from FIRST EXAMPLE
shown in FIGS. 42A to 42C. The other features are the same
as for FIRST EXAMPLE.

[0323] Inshort, inthe liquid crystal display panel according
to SECOND EXAMPLE, switching of the direction of the
liquid crystal molecules to the longitudinal (4) directions of
the stripes of the slits of the fine electrodes shown in FIG. 44B
occurs at a voltage application by installing the electrode
structure shown in FIG. 44B.

[0324] FIG. 45 illustrates the manufacturing steps of a lig-
uid crystal display panel according to SECOND EXAMPLE,
in which (I) shows a step of irradiating ¥4 of the panel surface
except the first domain from a first tilted direction through a
mask with a light, (IT) shows a step of irradiating % of the
panel surface except the second domain from a second tilted
direction through a mask with a light, (II[) shows a step of
irradiating %4 of the panel surface except the third domain
from a third tilted direction through a mask with a light, and
(IV) shows a step of irradiating % of the panel surface except
the fourth domain from a fourth tilted direction through a
mask with a light.

[0325] By passing through the processing steps (1), (II),
() and (IV) shown in F1G. 45, it is possible to realize aliquid
crystal display panel having four domains in which alignment
is controlled in four different directions when a voltage is
applied to each pixel.

[0326] FIGS. 46A to 46C illustrate the structure of the
electrodes and the movement of the liquid crystal molecules
in a liquid crystal display panel according to THIRD
EXAMPLE. FIG. 46A illustrates a one-plane electrode, FIG.
468 illustrates electrodes with fine slits, and FIG. 46C illus-
trates the movement of the liquid crystal molecules when a
voltage is applied.

[0327] The liquid crystal display panel according to
THIRD EXAMPLE is different from that of FIRST
EXAMPLE in that a positive type liquid crystal (A€=5.0) is
used in this example. The other features are the same. In the
case of THIRD EXAMPLE; the liquid crystal molecules rise
when a voltage is applied, and a 2-domain structure is realized
while rising, as opposed to the case of FIRST EXAMPLE.
The structure according to THIRD EXAMPLE shown in
FIGS. 46A to 46C resembles the structure according to
FIRST EXAMPLE shown in FIGS. 41A and 41B. However,
strictly speaking, alarger cell thickness (An*d) must be set for
the liquid crystal.

[0328] FIGS. 47A to 47C illustrate the structure of the
electrodes and the movement of the liquid crystal molecules
in a liquid crystal display panel according to FOURTH
EXAMPLE. FIG. 47A illustrates a one-plane electrode, FIG.
478 illustrates electrodes with fine slits, and FIG. 47C illus-
trates the movement of the liquid crystal molecules when a
voltage is applied.
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[0329] The liquid crystal display panel according to
FOURTH EXAMPLE is different from that of SECOND
EXAMPLE in that a positive type liquid crystal (A€=5.0) is
used in this example. The other features are the same. In the
case of FOURTH EXAMPLE, the liquid crystal molecules
rise when a voltage is applied, and a 4-domain structure is
realized while rising, as opposed to the case of SECOND
EXAMPLE. The structure according to FOURTH
EXAMPLE shown in FIGS. 47A to 47C resembles the struc-
ture according to SECOND EXAMPLE shown in FIGS. 44A
to 44C. However, strictly speaking, a larger cell thickness
(An*d) must be set for the liquid crystal.

[0330] As described above, a multi-domain structure for
each pixel ofaliquid crystal display panel is made possible by
the present invention.

[0331] According to the present invention, by utilizing the
alignment regulation by a reactive monomer and the electric
field distribution having cyclic and directional features in the
liquid crystal ata voltage application, or to be more concrete,
by irradiating a light (UV-rays) from a tilted direction to
endow a pretilting angle, and installing in a pixel domains
having a plurality of differently regulated alignment direc-
tions, it is possible to manufacture a novel liquid crystal
alignment structure that has been hard to be manufactured, to
manufacture a liquid crystal display panel that has properties
that have not been realized, and is brighter and excellent in
various properties (visual angle, contrast, gradation charac-
teristics, and productivity), compared with the liquid crystal
display panel according to the conventional technologies, and
thus, to provide a liquid crystal display apparatus having this
high-quality panel. Hereupon, the excellent gradation prop-
erties means that the transmittance fluctuation caused by the
applied voltage between the electrodes is small.

What is claimed is:

1. A manufacturing method of a liquid crystal display appa-
ratus, comprising sealing a liquid crystal to which a polymer-
izable compound is added, between a first and second sub-
strates, polymerizing said polymerizable compound in the
liquid crystal, forming alignment control layers for control-
ling the alignment direction of the liquid crystal molecules
when no voltage 1s applied to be roughly vertical from the
substrate face, on the surfaces of the first and second sub-
strates, and forming bumps protruding to the liquid crystal
side.

2. A manufacturing method of a liquid crystal display appa-
ratus according to claim 1, wherein said polymerizable com-
pound is polymerized by light.

3. A manufacturing method of a liquid crystal display appa-
ratus according to claim 2, wherein light irradiation at a
higher energy density is performed on bump formation areas
than the other areas for forming said bumps after sealing said
liquid crystal in the space between said first and second sub-
strates.

4. A manufacturing method of a liquid crystal display appa-
ratus according to claim 1, wherein said liquid crystal is
sealed between said first and second substrates after a treat-
ment is performed to make the surface energy of bump for-
mation areas of at least one of said first and second substrates
higher than the other areas.

5. A manufacturing method of a liquid crystal display appa-
ratus according to claim 1, wherein spacers are selectively
disposed at the bump formation areas between said first and
second substrates, and said bumps are formed using said
spacers as cores.
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6. A manufacturing method of a liquid crystal display appa-
ratus according to claim 1, wherein at least part of said bumps
are allowed to grow from one of said first and second sub-
strates to contact the other substrate.

7. A manufacturing method ofa liquid crystal display appa-
ratus, comprising forming bumps or dents on at least one of
the first and second substrates, disposing the first and second
substrates facing each other with the faces where the bumps
or dents are formed to be inside, sealing a polymerizable
compound-added liquid crystal between said substrates, and
polymerizing said polymerizable compound in the liquid
crystal and forming alignment control layers, for controlling
the alignment direction of the liquid crystal molecules when
no voltage is applied to be roughly vertical from the substrate
face, on the first and second substrates and on the surface of
the bumps or dents.

8. A manufacturing method ofa liquid crystal display appa-
ratus, comprising performing a rubbing treatment on a first
and second substrates, disposing said first and second sub-
strates facing each other with the face where said rubbing
treatmentt is performed to be inside, sealing a polymerizable
compound-added liquid crystal between said substrates, and
polymerizing said polymerizable compound in the liquid
crystal and forming alignment control layers, for controlling
the alignment direction of the liquid crystal molecules when
no voltage is applied to be roughly vertical from the substrate
face, on the first and second substrates.

9. A manufacturing method ofa liquid crystal display appa-
ratus, comprising partially changing the surface energy of the
surface of a first and second substrates, sealing a polymeriz-
able compound-added liquid crystal between said first and
second substrates, and polymerizing said polymerizable
compound in the liquid crystal and forming alignment control
layers, for controlling the alignment direction of the liquid
crystal molecules when no voltage is applied to be roughly
vertical from the substrate face, on the first and second sub-
strates.

10. A manufacturing method of a liquid crystal display
apparatus according to claim 9, wherein light is selectively
irradiated on said substrate surface via a mask in said partial
changing of the surface energy of the substrate surface.

11. A manufacturing method of a liquid crystal display
apparatus, comprising disposing a pair of substrates, on
which surface alignment control films are formed, facing
each other with the alignment control films to be inside,
sealing a liquid crystal to which a polymerizable compound is
added, between these substrates, polymerizing said polymet-
izable compound by irradiating UV rays when no voltage is
applied, and forming a polymer network near the surfaces of
said alignment control films, wherein the anchoring energy
for the liquid crystal molecules on the substrate surface is
controlled by controlling the composition, the adding amount
and the polymerizing conditions of the polymerizable com-
pound.

12. A manufacturing method of a liquid crystal display
apparatus according to claim 11, wherein said anchoring
energy is controlled on each pixel.

13. A manufacturing method of a liquid crystal display
apparatus according to claim 11, wherein a plurality of areas
having different anchoring energies are formed in a pixel.

14. A liquid crystal apparatus having a liquid crystal layer
and a pair of electrodes disposed on both sides of the liquid
crystal layer for applying voltage on a liquid crystal enclosed
between a pair of substrates, wherein:
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the liquid crystal layer comprises a section formed by
polymerizing a polymetizable compound in the pres-
ence of the liquid crystal by selectively irradiating active
energy rays onto the substrate surface when no voltage is
applied,

the apparatus further comprising first and second sub-

strates which are disposed facing each other, said liquid
crystal being sealed between said first and second sub-
strates, a first electrode formed on the liquid crystal side
surface of the first substrate, a second electrode formed
on the liquid crystal side surface of the second substrate,
alignment control layers which cover the surfaces of said
first and second electrodes and control the alignment
direction of the liquid crystal molecules when no voltage
is applied to be roughly vertical from the substrate face,
and bumps which are formed on at least one surface of
said first and second substrates and determine the tilting
directions of the liquid crystal molecules when voltage
is applied, wherein both of said alignment control layers
and said bumps are formed by polymerizing a polymer-
izable compound which is added to said liquid crystal,
and the alignment direction of the liquid crystal mol-
ecules near the bumps when no voltage is applied is
roughly vertical from the substrate face.

15. A manufacturing method of a liquid crystal display
apparatus, the liquid crystal apparatus having a liquid crystal
layer and a pair of electrodes disposed on both sides of the
liquid crystal layer for applying voltage on a liquid crystal
enclosed between a pair of substrates, wherein:

the liquid crystal layer comprises a section formed by
polymerizing a polymerizable compound in the pres-
ence of the liquid crystal by selectively irradiating active
energy rays onto the substrate surface when no voltage is
applied; and

first and second polarizing elements are disposed on both
sides of said pair of substrates such that the absorption
axes thereof are perpendicular to each other;

a first ¥4 wavelength plate is disposed between one of the
substrates and the first polarizing element;

asecond ¥4 wavelength plate is disposed between the other
substrate and the second polarizing element; and

the absorption axis of the first polarizing element and the
slow axis of the first /4 wavelength plate form a 45°
angle, the absorption axis of the second polarizing ele-
ment and the slow axis of the second ¥ wavelength plate
form a 45° angle, and the slow axes of the first ¥4 wave-
length plate and the second 4 wavelength plate are
perpendicular to each other,

the method comprising sealing a liquid crystal to which a
polymerizable compound is added, between first and
second substrates, polymerizing said polymerizable
compound in the liquid crystal, forming alignment con-
trol layers for controlling the alignment direction of the
liquid crystal molecules when no voltage is applied to be
roughly vertical from the substrate face, on the surfaces
of the first and second substrates, and forming bumps
protruding to the liquid crystal side.

16. A manufacturing method of a liquid crystal display

apparatus having a liquid crystal layer and a pair of electrodes

disposed on both sides of the liquid crystal layer for applying

voltage on a liquid crystal enclosed between a pair of sub-

strates, wherein:

the liquid crystal layer comprises a section formed by
polymerizing a polymerizable compound in the pres-
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ence of the liquid crystal by selectively irradiating active
energy rays onto the substrate surface when no voltage is
applied; and

first and second polarizing elements are disposed on both
sides of said pair of substrates such that the absorption
axes thereof are perpendicular to each other;

a first ¥4 wavelength plate is disposed between one of the
substrates and the first polarizing element;

asecond V4 wavelength plate is disposed between the other
substrate and the second polarizing element; and

the absorption axis of the first polarizing element and the
slow axis of the first /4 wavelength plate form a 45°
angle, the absorption axis of the second polarizing ele-
ment and the slow axis of the second %4 wavelength plate
form a 45° angle, and the slow axes of the first Y4 wave-
length plate and the second 4 wavelength plate are
perpendicular to each other;

the method comprising disposing a pair of substrates, on
which surface alignment control films are formed, fac-
ing each other with the alignment control films to be
inside, sealing a liquid crystal to which a polymerizable
compound is added, between these substrates, polymer-
izing said polymerizable compound by irradiating UV
rays when no voltage is applied, and forming a polymer
network near the surface of said alignment control films,
wherein the anchoring energy for the liquid crystal mol-
ecules on the substrate surface is controlled by control-
ling the composition, the adding amount and the poly-
merizing conditions of the polymerizable compound.

17. A liquid crystal display apparatus wherein a first sub-
strate on which surface first electrodes with a vertical align-
ment control film are formed and a second substrate on which
surface a second electrode with a horizontal alignment con-
trol film is formed face each other at the alignment control
film side, the facing substrates are sealed with a space in
between, aliquid crystal comprising a functional monomer is
sealed in said space, and a plurality of roughly rectangular
pixel electrodes made of the first electrodes are arrayed on the
first substrate, for performing the alignment control of said
liquid crystal by irradiating light from a direction tilted from
the normal line direction on said liquid crystal display appa-
ratus to polymerize said monomer,

wherein said first substrate has a structure for controlling

the alignment of the liquid crystal molecules in said
liquid crystal when voltage is applied between said pixel
electrodes and said second electrode.

18. A liquid crystal display apparatus according to claim
17, wherein said structure is a fine ITO pattern formed in said
pixel electrodes.

19. A liquid crystal display apparatus according to claim
18, wherein said structure is an insulating pattern formed on
said pixel electrodes.

20. A liquid crystal display apparatus according to claim
18, wherein said functional monomer has two or more func-
tional groups.

21. A liquid crystal display apparatus according to claim
18, wherein UV rays are used for said light irradiation.

22. A liquid crystal display apparatus according to claim
18, wherein said functional monomer is an acrylate.

23. A liquid crystal display apparatus according to claim
18, wherein said functional monomer is a methacrylate.

24. A liquid crystal display apparatus according to claim
18, wherein said light irradiation is performed by irradiating
with light from a first direction, which is tilted from the



US 2011/0090441 Al

normal line direction on said liquid crystal display apparatus
face, onto partial areas of said pixel electrode faces, and by
irradiating with light again from a second direction, which is
different from the first direction, onto the entire areas of the
pixel electrode faces, for each one of the pixel electrodes.

25. A liquid crystal display apparatus according to claim
18, wherein said liquid crystal is of a negative type.

26. A liquid crystal display apparatus according to claim
18, wherein said liquid crystal is of a positive type.

27. A liquid crystal display apparatus according to claim
18, wherein said liquid crystal is in a normally black mode,
and the alignment of the liquid crystal molecules is controlled
so as to switch to the direction of the light irradiation by
applying voltage.

28. A liquid crystal apparatus having a liquid crystal layer
and a pair of electrodes disposed on both sides of the liquid
crystal layer for applying voltage on a liquid crystal enclosed
between a pair of substrates, wherein:

the liquid crystal layer comprises a section formed by

polymerizing a polymerizable compound in the pres-
ence of the liquid crystal by selectively irradiating active
energy rays onto the substrate surface when no voltage is
applied,

wherein a first substrate on which surface first electrodes

with a vertical alignment control film are formed and a
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second substrate on which surface a second electrode
with a horizontal alignment control film is formed face
each other at the alignment control film side, the facing
substrates are sealed with a space in between, a liquid
crystal comprising a functional monomer is sealed in
this space, and a plurality of roughly rectangular pixel
electrodes made of the first electrodes are arrayed on the
first substrate, for performing the alighment control of
the liquid crystal by irradiating light from a direction
tilted from the normal line direction on the liquid crystal
display apparatus to polymerize the monomer, wherein
the first substrate has a structure for regulating the align-
ment of the liquid crystal molecules in the liquid crystal
when voltage is applied between the pixel electrodes and
the second electrode.

29. A liquid crystal display apparatus according to claim
28, wherein said light irradiation is performed by irradiating
with light from a first direction, which is tilted from the
normal line direction on said liquid crystal display apparatus
face, onto partial areas of said pixel electrode faces, and by
irradiating with light again from a second direction, which is
different from the first direction, onto the entire areas of the
pixel electrode faces, for each one of the pixel electrodes.
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