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LIQUID CRYSTAL DISPLAY DEVICE’S
SUBSTRATE, LIQUID CRYSTAL DISPLAY
DEVICE INCLUDING THE SAME, AND
MANUFACTURING METHOD OF THE SAME

This is a continuation of application Ser. No. 11/980,146,
filed Oct. 30, 2007, now U.S. Pat. No. 8,045,124 which is a
divisional of application Ser. No. 11/099,403, filed Apr. 5,
2005, now U.S. Pat. No. 7,345,719 which is a divisional of
application Ser. No. 10/368,870, filed Feb. 19, 2003, now
U.S. Pat. No. 6,903,787, issued Jun. 7, 2005.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device for regulating the alignment direction of a liquid crys-
tal molecule at the time of driving by using a polymer, a
manufacturing method of the same, and a liquid crystal dis-
play device’s substrate used for the same.

Besides, the invention relates to a liquid crystal display
device and a manufacturing method of the same, and particu-
larly to a liquid crystal display device in which an uneven
display can be reduced and a manufacturing method of the
same.

2. Description of the Related Art

Conventionally, as an active matrix type liquid crystal dis-
play device, a twisted nematic (TN) mode is widely used in
which a liquid crystal material having a positive dielectric
anisotropy is aligned to be horizontal with respect to a sub-
strate surface in a dark state and to be twisted 90 degrees
between opposite substrates.

This TN mode liquid crystal display device has a problem
that its visual angle characteristics are poor, and various stud-
ies have been carried out to improve the visual angle charac-
teristics. Then, as a mode replacing the TN mode, a multi-
domain vertical alignment (MVA) mode has been developed.
In the MVA mode, a liquid crystal material having a negative
dielectric anisotropy is vertically aligned, and by alignment
regulating structures, such projections or slits, provided on a
substrate surface, inclination directions of liquid crystal mol-
ecules at the time of voltage application are regulated in plural
directions without performing a rubbing treatment to an
alignment film. The MVA mode liquid crystal display device
is greatly improved in the visual angle characteristics as com-
pared with the TN mode.

Although the MVA mode liquid crystal display device has
superior visual angle characteristics as described above, since
the projections or the slits for regulating the alignment are
provided, the aperture ratio is inevitably lowered. Thus, the
conventional MVA mode liquid crystal display device has a
problem that the transmission factor is low as compared with
the TN mode liquid crystal display device and its display
causes a feeling of dark. Its main cause is that portions above
the alignment regulating structures become the boundaries of
alignment division to generate dark lines, and the transmis-
sion factor becomes low. In order to improve the transmission
factor, the arrangement intervals of the alignment regulating
structures have only to be made sufficiently wide. However,
in that case, since the alignment regulating structures
becomes few in number, even if a predetermined voltage is
applied to a liquid crystal, it takes a long time for the align-
ment to become stable, and the response speed becomes low.

Further, it can not be neglected that the formation itself of
the minute and fine projections or slits complicates the manu-
facturing process and increases the manufacturing cost.
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Then, in order to realize the MVA mode liquid crystal
display device which has high luminance and enables high
speed response, a method has been proposed in which the
alignment direction of a liquid crystal molecule at the time of
driving is regulated by using a polymer. In this method, a
liquid crystal material in which a liquid crystal and a poly-
merizable component such as a monomer or an oligomer are
mixed is sealed between two substrates. As the polymerizable
component, a material which is polymerized by light or heat
is used. In a state where a predetermined voltage is applied
between the substrates to incline the polymerizable compo-
nent, UV light irradiation or heating is performed to polymer-
ize the polymerizable component and the polymer is formed.
By the polymer formed in the vicinity of the surface of the
substrate, even if the voltage application is removed, the
liquid crystal layer in which a predetermined alignment direc-
tion and a pre-tilt angle are regulated can be obtained. Thus,
a rubbing treatment of an alignment film becomes unneces-
sary. As stated above, when the method for giving the prede-
termined alignment direction and pre-tilt angle to the liquid
crystal molecule by the polymer is used, it becomes possible
to provide the MVA mode liquid crystal display device which
has high luminance and enables high speed response. Inci-
dentally, for further details, please refer to the specification of
Japanese Patent Application (Japanese Patent Application
No. 2001-98455 and No. 2001-264117) by the applicants of
the present application.

FIG. 42 shows a display region of a conventional MVA
mode liquid crystal display device. A liquid crystal material
in which a monomer is mixed is injected through a liquid
crystal injection port 12 formed at one end part of a panel.
While the injected liquid crystal material diffuses in a narrow
cell gap, the distribution of the monomer becomes irregular in
adisplay region 10. Especially, in regions { in the vicinities of
two corners at the side opposite to the liquid crystal injection
port 12, the concentration of the monomer becomes low as
compared with another region c. Thus, in the regions f, a
pre-tilt angle of a liquid crystal molecule obtained after a
polymer is formed by irradiation of UV light becomes larger
than that in the other region o. Here, the pre-tilt angle is an
inclination angle of a liquid crystal molecule with respect to
a substrate surface in a state where a voltage is not applied to
aliquid crystal layer. Thatis, when the pre-tilt angle is 90°, the
liquid crystal molecule is aligned vertically to the substrate
surface.

FIG. 43 shows a luminance distribution on line A-A' of a
display screen of the liquid crystal display device shown in
FIG. 42. The horizontal axis indicates position on the line
A-A', and the vertical axis indicates luminance. A leftend part
of the display region 10 on the line A-A' is denoted by A0, a
boundary between the region a and the region [} is denoted by
Al, and a right end part of the display region 10 is denoted by
A2. Incidentally, this liquid crystal display device has a nor-
mally black mode, and it is assumed that the same gradation
is displayed on the whole display region 10. As shown in FIG.
43, the almost uniform luminance distribution is obtained in
the region a, however, in the region f3, as compared with the
region a, the luminance is lowered since the pre-tilt angle of
the liquid crystal molecule is larger than that in the region c.
Thus, an uneven luminance is seen on the display screen.

Besides, in the conventional color liquid crystal display
device, when a half tone (gray scale) is displayed, coloring is
seen. That is, at the change of the gradation from white to
black, the chromaticity is changed. This phenomenon indi-
cates that a different color is reproduced in not only in ach-
romatic color but also in chromatic color, and there occurs a
problem that a desired display image can not be obtained. Its
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cause is that since wavelengths of light transmitting through
respective colors of color filter (CF) resin layers are different
from one another, the substantial magnitudes of retardations
including the liquid crystal layer are different among the
respective colors, and the transmission characteristics (T-V
characteristic) are different among the respective colors.

As measures to the above problem, a method called multi-
gap is proposed in which a cell gap is changed for each pixel
different in color. However, the manufacture in which the cell
gap is controlled for each pixel has a problem that the process
becomes complicated and the manufacturing cost is
increased.

As other measures, there is a method in which an input
signal is converted by a signal conversion element such as a
scaler IC, and the T-V characteristics for each color are
adjusted. However, the scaler IC including a frame memory is
expensive and lacks versatility.

Besides, in an MVA mode liquid crystal display device
using a method for giving a pre-tilt angle by using a polymer
structure, as shown in FIG. 44, there is a case where an uneven
display 100 occurs in the vicinity of a corner part 50 opposite
to a liquid crystal injection port 12 in a halftone display. FIG.
44 is a schematic view showing the conventional liquid crys-
tal display device. Thus, a technique of reducing the uneven
display 100 has been awaited.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a liquid
crystal display device in which excellent display characteris-
tics can be obtained, a manufacturing method of the same, and
a liquid crystal display device’s substrate used for the same.

Besides, another object of the invention is to provide a
liquid crystal display device in which an open area ratio is
improved easily and certainly without causing defects such as
an uneven display and a highly reliable liquid crystal display
is realized, and a manufacturing method of the same.

Further, a still another object of the invention is to provide
a liquid crystal display device having a less uneven display
and a manufacturing method of the same.

The above objects are achieved by a manufacturing method
of aliquid crystal display device characterized in that a liquid
crystal layer containing a polymerizable component capable
of being polymerized by light is sealed between two sub-
strates arranged to be opposite to each other, the polymeriz-
able component is polymerized by irradiation oflight under a
predetermined light irradiation condition while a voltage is
applied to the liquid crystal layer under a predetermined
voltage application condition, and when a pre-tilt angle of a
liquid crystal molecule and/or an alignment direction at a
time of driving is regulated, at least one of the voltage appli-
cation condition and the light irradiation condition is changed
for each region.

Besides, the above objects can be achieved by a liquid
crystal display device in which a first substrate including a
first electrode and a second substrate including a second
electrode are bonded through an alignment film and a liquid
crystal layer, and which is characterized in that polymer struc-
tures for aligning liquid crystal molecules in a predetermined
direction are formed in a liquid crystal of the liquid crystal
layer, and the liquid crystal molecules have pre-tilt angles
substantially equal to each other between a display part of the
liquid crystal layer and its peripheral part.

Further, the above objects can be achieved by a manufac-
turing method of a liquid crystal display device in which a
first substrate including a first electrode and a second sub-
strate including a second electrode are bonded by a seal
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member through an alignment film and a liquid crystal layer,
and which is characterized in that the alignment film and the
seal member are disposed to be substantially in contact with
each other, and when the liquid crystal layer is formed, a
liquid crystal in which monomers for aligning liquid crystal
molecules in a predetermined direction are mixed is used, the
liquid crystal is injected so that the liquid crystal molecules
have a same alignment over almost the whole surface of the
liquid crystal layer, and then, the monomers are polymerized
to form polymer structures of a predetermined alignment
pattern, and the liquid crystal molecules are subjected to
alignment regulation by the polymer structures.

Besides, the above objects can be achieved by a liquid
crystal display device comprising a pair of substrates dis-
posed to be opposite to each other, a liquid crystal sealed
between the pair of substrates, and a seal member for sealing
peripheries of the pair of substrates, and characterized in that
a structure for slowing an injection speed of the liquid crystal
in a vicinity of the seal member when the liquid crystal is
injected into a space between the pair of substrates is provided
in the vicinity of the seal member.

Further, the above objects can be achieved by a manufac-
turing method of a liquid crystal display device comprising a
pair of substrates disposed to be opposite to each other, a
liquid crystal sealed between the pair of substrates, and a seal
member for sealing peripheries of the pair of substrates, and
characterized in that at a step of injecting the liquid crystal
into a space between the pair of substrates, the liquid crystal
1s injected into the space between the pair of substrates so that
an injection speed of the liquid crystal in a vicinity of the seal
member is lower than an injection speed of the liquid crystal
in a display region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the relation between an irradia-
tion intensity of UV light and a pre-tiltangle of aliquid crystal
molecule;

FIG. 2 is a sectional view showing a schematic construc-
tion of a liquid crystal display device according to example
1-1 of a first embodiment;

FIG. 3 is a graph showing the luminance distribution of a
display region of the liquid crystal display device according
to the example 1-1 of the first embodiment;

FIG. 4 is a graph showing the relation between an applied
voltage and a pre-tilt angle of a liquid crystal molecule;

FIG. 5 is a graph showing the relation between an irradia-
tion wavelength of UV light and a pre-tilt angle of a liquid
crystal molecule;

FIG. 6 is a graph showing the relation between an irradia-
tion time of UV light and a pre-tilt angle of a liquid crystal
molecule;

FIGS. 7A and 7B are schematic views showing a state of a
liquid crystal display device of a comparative example at the
time of formation of a liquid crystal layer;

FIG. 8 is a sectional view showing the main construction of
aliquid crystal display device according to various examples
of a second embodiment of the invention;

FIG. 9 is a plan view showing a part of a pixel electrode in
which minute slits forming an alignment pattern are formed;

FIG. 10 is a sectional view showing a state at the time of
formation of a liquid crystal layer;

FIGS. 11A and 11B are schematic views showing a state at
the time of formation of a liquid crystal layer of a liquid
crystal display device according to example 2-1 of the second
embodiment of the invention;
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FIGS. 12A and 12B are schematic views showing a state at
the time of formation of a liquid crystal layer of a liquid
crystal display device according to example 2-2 of the second
embodiment of the invention;

FIGS. 13A and 13B are schematic views showing a state at
the time of formation of a liquid crystal layer of a liquid
crystal display device according to example 2-3 of the second
embodiment of the invention;

FIGS. 14A to 14C are schematic views showing a state at
the time of formation of a liquid crystal layer of a liquid
crystal display device according to example 2-4 of the second
embodiment of the invention;

FIGS.15A and 15B are schematic views showing a vertical
alignment type liquid crystal display device;

FIGS. 16A to 16C are conceptual views (No. 1) expressing
a state in which a liquid crystal is injected,

FIGS. 17A and 17B are conceptual views (No. 2) express-
ing a state in which a liquid crystal is injected;

FIGS. 18A and 18B are schematic views showing a hori-
zontal alignment type liquid crystal display device;

FIGS. 19A and 19B are schematic views showing a liquid
crystal display device according to example 3-1 of a third
embodiment of the invention;

FIGS. 20A to 20D are schematic views showing a manu-
facturing method of the liquid crystal display device accord-
ing to the example 3-1 of the third embodiment of the inven-
tion;

FIG. 21 is a schematic view showing a modified example
(No. 1) of the liquid crystal display device according to the
example 3-1 of the third embodiment of the invention;

FIGS. 22A t0 22D are schematic views showinga modified
example (No. 1) of the manufacturing method of the liquid
crystal display device according to the example 3-1 of the
third embodiment of the invention;

FIG. 23 is a schematic view showing a modified example
(No. 2) of the liquid crystal display device according to the
example 3-1 of the third embodiment of the invention;

FIG. 24 is a schematic view showing a modified example
(No. 3) of the liquid crystal display device according to the
example 3-1 of the third embodiment of the invention;

FIGS. 25A to 25D are schematic views showing a modified
example (No. 3) of the manufacturing method of the liquid
crystal display device according to the example 3-1 of the
third embodiment of the invention;

FIG. 26 is a sectional view showing a liquid crystal display
device according to example 3-2 of the third embodiment of
the invention;

FIG. 27 is a sectional view showing a liquid crystal display
device according to a modified example of the example 3-2 of
the third embodiment of the invention;

FIGS. 28A and 28B are sectional views showing a liquid
crystal display device according to example 3-3 of the third
embodiment of the invention;

FIG. 29 is a sectional view showing a liquid crystal display
device according to a modified example (No. 1) of the
example 3-3 of the third embodiment of the invention;

FIG. 30 is a sectional view showing a liquid crystal display
device according to a modified example (No. 2) of the
example 3-3 of the third embodiment of the invention;

FIG. 31 is a sectional view showing a liquid crystal display
device according to a modified example (No. 3) of the
example 3-3 of the third embodiment of the invention;

FIG. 32 is a sectional view showing a liquid crystal display
device according to a modified example (No. 4) of the
example 3-3 of the third embodiment of the invention;
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FIGS. 33A and 33B are sectional views showing a liquid
crystal display device according to a modified example (No.
5) of the example 3-3 of the third embodiment of the inven-
tion;

FIGS. 34A to 34C are sectional views showing a liquid
crystal display device according to a modified example (No.
6) of the example 3-3 of the third embodiment of the inven-
tion;

FIG. 35 is a sectional view showing the main construction
of a liquid crystal display device;

FIGS. 36 A and 36B are schematic views showing the main
construction of a liquid crystal display device;

FIGS. 37A and 37B are schematic views showing the main
construction of a liquid crystal display device according to a
fourth embodiment of the invention;

FIG. 38 is a schematic view showing the main construction
of the liquid crystal display device according to the fourth
embodiment of the invention;

FIG. 39 is a schematic view showing a comparison to the
liquid crystal display device according to the fourth embodi-
ment of the invention;

FIG. 40 is a schematic view showing a comparison to the
liquid crystal display device according to the fourth embodi-
ment of the invention;

FIG. 41 is a schematic view showing a specific construc-
tion of a liquid crystal display device according to example
4-1 of the fourth embodiment of the invention;

FIG. 42 is a view showing a display region of a conven-
tional liquid crystal display device;

FIG. 43 is a graph showing a luminance distribution of the
conventional liquid crystal display device; and

FIG. 44 is a schematic view showing the conventional
liquid crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[First Embodiment]

A liquid crystal display device according to a first embodi-
ment of the invention, a manufacturing method of the same,
and a liquid crystal display device’s substrate used for the
same will be described by using examples.

Example 1-1

First, a liquid crystal display device according to example
1-1 of this embodiment and a manufacturing method thereof
will be described with reference to FIGS. 1 to 3. In this
example, when a polymer for regulating the alignment of a
liquid crystal molecule at the time of driving is formed, the
irradiation intensity of UV light to be irradiated is made
different for each region, so that the same pre-tilt angle is
given to a liquid crystal layer in the whole display region. By
this, uniform T-V characteristics can be obtained in the whole
display region.

The principle of the manufacturing method of the liquid
crystal display device according to this example will be
described. F1G. 1 is a graph showing the relation between the
irradiation intensity of UV light and the pre-tilt angle of a
liquid crystal molecule. The horizontal axis indicates the
irradiation intensity (mW/cm?) of the UV light, and the ver-
tical axis indicates the pre-tilt angle (deg.) of theliquid crystal
molecule obtained after the irradiation of the UV light. Inci-
dentally, a voltage (for example, 5 V) by which a display
screen has white luminance is applied to a liquid crystal layer.
An irradiation time of the UV light is 100 seconds. As shown
in FIG. 1, as the irradiation intensity of the UV light becomes
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high, the pre-tilt angle of the liquid crystal molecule obtained
after the irradiation of the UV light becomes small. However,
the pre-tilt angle of the liquid crystal molecule becomes
almost constant at an irradiation intensity of 50 mW/em? or
more.

In this example, the UV light with irradiation intensity B is
irradiated to the region o as shown in FIG. 42, and the UV
light with irradiation intensity B' (B™>B) higher than the irra-
diation intensity B is irradiated to the region p to polymerize
a monomer. By this, even in the region 3 in which the con-
centration of the monomer is lower than that in the region a,
the pre-tilt angle almost equal to that of the region o can be
obtained by the irradiation of the UV light with theirradiation
intensity B' higher than the irradiation intensity B. That is, the
T-V characteristic of the region a and the T-V characteristic of
the region [} become almost equal to each other, and an
uneven luminance occurring on the display screen can be
reduced.

Next, the manufacturing method of the liquid crystal dis-
play device according to this example will be described more
specifically. FIG. 2 shows a schematic sectional construction
of a liquid crystal display panel 1 used for this example. As
shown in FIG. 2, the liquid crystal display panel 1 is consti-
tuted by a thin film transistor (TFT) substrate 2 and a CF
substrate 4 disposed to be opposite to the TFT substrate 2. The
TFT substrate 2 includes pixel electrodes 20 formed for
respective pixels on a glass substrate 16. The CF substrate 4
includes light-shielding films 24 for defining the respective
pixels on a glass substrate 17. A CF resin layer of one of red
(R), green (G) and blue (B) is formed on each pixel. A com-
mon electrode 22 is formed on the CF resin layers of R, Gand
B.

A liquid crystal layer 6 in which a liquid crystal and a light
polymerizable monomer are mixed is sealed between the TEFT
substrate 2 and the CF substrate 4. The liquid crystal layer 6
is injected through a liquid crystal injection port 12 (not
shown in FIG. 2) formed at one end part of the liquid crystal
display panel 1.

First, a voltage by which a display screen has white lumi-
nance is applied between the pixel electrode 20 on the TFT
substrate 2 and the common electrode 22 on the CF substrate
4. Subsequently, in the state where the voltage is applied
between both the electrodes 20 and 22, UV light is irradiated
through a prescribed mask to polymerize the monomer in the
liquid crystal layer 6. A drawing pattern of a gray mask is
formed in the mask so that the transmission factor of the
region § becomes higher than the transmission factor of the
region ¢ By this, the intensity of the UV lightirradiated to the
liquid crystal layer in the region  becomes higher than that in
the region o.. The liquid crystal display device is completed
through the above process.

FIG. 3 is a graph showing the luminance distribution of the
liquid crystal display device fabricated by using the manu-
facturing method of the liquid crystal display device accord-
ing to this example and corresponding to FIG. 43. As shown
in FIG. 3, according to this example, the luminance in the
region f is improved and the almost uniform luminance dis-
tribution can be obtained in the whole display region 10.
Accordingly, the liquid crystal display device which has no
uneven luminance and has excellent display characteristics
can be obtained.

Besides, according to this example, even in a region where
acell gap is different from that of another region, for example,
in the vicinity of the liquid crystal injection port 12 or in the
vicinity of a seal member, the T-V characteristic can be made
almost equal to that in the other region by making the pre-tilt
angle of the liquid crystal molecule different. Accordingly,
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excellent display characteristics can be obtained in which the
uneven luminance does not exist in the vicinity of the liquid
crystal injection port 12 of the display region 10 or in the
vicinity of a frame.

Incidentally, when the manufacturing method of the liquid
crystal display device according to this example is used, an
uneven luminance of the display region 10 caused by the
luminance distribution of a light source device such as a
backlight unit can also be reduced. If the luminance distribu-
tion of the light source device on the display region 10 is
previously grasped, correspondingly to the luminance distri-
bution, the UV light with high irradiation intensity is irradi-
ated to a region having a relatively high luminance so that the
pre-tilt angle ofa liquid crystal molecule becomes small. The
UV light with low irradiation intensity is irradiated to a region
having a relatively low luminance so that the pre-tilt angle of
a liquid crystal molecule becomes large. As stated above,
correspondingly to the luminance distribution of a light
source device the T-V characteristics of the respective regions
of the liquid crystal display panel 1 are intentionally made
different from one another, so that the uneven luminance
occurring on the display screen can be reduced and excellent
display characteristics can be obtained.

Example 1-2

Next, a manufacturing method of a liquid crystal display
device according to example 1-2 of this embodiment will be
described with reference to FIG. 4. In this example, in order
to give different pre-tilt angles to liquid crystal molecules of
a pixel in which a CF resin layer of R is formed (hereinafter
referred to as an R pixel), a pixel in which a CF resin layer of
G 1s formed (hereinafter referred to as a G pixel), and a pixel
in which a CF resin layer of B is formed (hereinafter referred
to as a B pixel), different voltages are applied to the liquid
crystal layer 6 for the respective colors when UV light is
irradiated to polymerize a monomer.

FIG. 4 is a graph showing the relation between the applied
voltage and the pre-tilt angle of aliquid crystal molecule. The
horizontal axis indicates the applied voltage (V) to the liquid
crystal layer 6, and the vertical axis indicates the pre-tilt angle
(deg.) of the liquid crystal molecule obtained after the irra-
diation of a predetermined irradiation amount of UV light. As
shown in FIG. 4, as the applied voltage to the liquid crystal
layer 6 when the UV light is irradiated becomes large, the
pre-tilt angle of the liquid crystal molecule becomes small.

In this example, for example, apredetermined voltage Vris
applied to the liquid crystal layer 6 of the R pixel, a voltage Vg
having an absolute value smaller than the voltage Vr is
applied to the liquid crystal layer 6 of the G pixel, and a
voltage Vb having an absolute value smaller than the voltage
Vg is applied to the liquid crystal layer 6 of the B pixel
(IVrI>IVgl>IVbl). When the monomer is polymerized by the
irradiation of the UV light in this state, the pre-tilt angle of the
liquid crystal molecule of the R pixel becomes relatively
small, and the pre-tilt angle of the liquid crystal molecule
becomes large in sequence of the G pixel and the B pixel. By
this, a retardation is increased which occurs in the liquid
crystal layer 6 of the R pixel through which red light suscep-
tible to transmission factor relatively smaller than green is
transmitted, and a retardation is decreased which occurs in the
liquid crystal layer 6 of the B pixel through which blue light
susceptible to transmission factor relatively larger than green
is transmitted. As stated above, by correcting the light refrac-
tive indexes different among the respective colors, the sub-
stantial magnitudes of the retardations occurring in the liquid
crystal layer 6 of the respective pixels can be made substan-
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tially equal to one another. Accordingly, the T-V characteris-
tics in the display region can be made uniform, and a desired
display image can be obtained.

Next, the manufacturing method of the liquid crystal dis-
play device according to this example will be described more
specifically with reference to FIG. 2. First, as shown in FIG.
2, voltages Vr, Vg and Vb (I VrI>Vg|>IVbl) are applied to the
liquid crystal layer 6 of the respective pixels of R, G and B.
Subsequently, a predetermined irradiation amount of UV
light is irradiated in the state where the voltages are applied to
the liquid crystal layer 6 and the monomer in the liquid crystal
layer 6 is polymerized. The liquid crystal display device is
completed through the above process.

Next, a description will be given of a modified example of
the manufacturing method of the liquid crystal display device
according to this example and a liquid crystal display device’s
substrate used for the same. In the CF substrate 4 used for this
modified example, for example, CF resin layers R, G and B
are respectively formed of different forming materials or to
have different film thicknesses. When the transmission factor
of each pixel of R, G and B of the CF substrate 4 is made Tr,
Tg and Tb, an inequality of Tr>Tg>Th is satisfied. When the
UV light is irradiated to the liquid crystal layer 6 from the side
of the CF substrate 2, the irradiation intensity of the UV light
to the liquid crystal layer 6 becomes relatively large in the R
pixel, and becomes small in sequence of the G pixel and the B
pixel. Thus, as shown in FIG. 1, the pre-tilt angle of the liquid
crystal molecule of the R pixel becomes relatively small, and
the pre-tilt angle of the liquid crystal molecule becomes large
in sequence of the G pixel and the B pixel. Accordingly, also
in this example, the same effect as the above example can be
obtained.

In the above examples 1-1 and 1-2, the irradiation intensity
of the UV light and the applied voltage are changed for each
region, so that the T-V characteristics in the display region are
made uniform, however, another method can also be used.

FIG. 5 is a graph showing the relation between an irradia-
tion wavelength of UV light and a pre-tilt angle of a liquid
crystal molecule. The horizontal axis indicates the irradiation
wavelength (nm) of the UV light, and the vertical axis indi-
cates the pre-tilt angle (deg.) of the liquid crystal molecule
obtained after the irradiation of the UV light. Incidentally, a
predetermined voltage is applied to the liquid crystal layer 6,
and a predetermined irradiation amount of UV light is irradi-
ated. As shown in FIG. 5, when UV light with an irradiation
wavelength of about 365 nm is irradiated, the pre-tilt angle of
the liquid crystal molecule becomes smallest. Incidentally,
the irradiation wavelength at which the pre-tilt angle of the
liquid crystal molecule becomes smallest varies by the mono-
mer mixed in the liquid crystal.

When the UV light is irradiated, the irradiation wavelength
of the UV light irradiated to the liquid crystal layer 6 can be
controlled by using filters through which lights with different
irradiation wavelengths for respective regions are transmit-
ted. As stated above, by changing the irradiation wavelength
of the UV light for the respective regions, the same effect as
the examples 1-1 and 1-2 can be obtained.

FIG. 6 shows the relation between an irradiation time of
UV light and a pre-tilt angle of a liquid crystal molecule. The
horizontal axis indicates the irradiation time (sec) of the light,
and the vertical axis indicates the pre-tilt angle (deg.) of the
liquid crystal molecule obtained after the irradiation of the
UV light. Incidentally, a predetermined voltage is applied to
the liquid crystal layer 6, and the UV light with a predeter-
mined irradiation intensity is irradiated. As shown in FIG. 6,
the pre-tilt angle of the liquid crystal molecule becomes small
as the irradiation time becomes long until about 100 seconds.
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However, the pre-tilt angle of the liquid crystal molecule
hardly changes when the irradiation time exceeds 100 sec-
onds.

The irradiation time can be changed for each region by
irradiating the UV light while a mask formed to have a pre-
determined drawing pattern is moved, and a boundary part
does not become noticeable on the display screen of the
completed liquid crystal display device. As described above,
by changing the irradiation time of the UV light for each
region, the same effect as the examples 1-1 and 1-2 can be
obtained.

As described above, according to this embodiment, it is
possible to realize the liquid crystal display device in which
excellent display characteristics can be obtained.

[Second Embodiment]

Next, a liquid crystal display device according to a second
embodiment of the invention will be described.
(Basic Point)

First, the basic point of this embodiment will be described.

As amethod in which an MVA mode liquid crystal display
device is improved to raise an aperture ratio and to increase
brightness, and is also improved in cost, the present inventor
et al. have developed an alignment regulating technique of
obtaining a stable alignment by mixing a monomer, which is
polymerized by light or heat, into a liquid crystal and by
polymerizing it.

However, the alignment regulating technique has a prob-
lem relating to liquid crystal injection as described below.

That is, as shown in FIGS. 7A and 7B, concerning a sub-
strate (TFT substrate) 101 on which an active element, for
example, aTFT is provided, a seal member 104 for bonding a
substrate (CF substrate) 102, which is disposed to be opposite
to the former substrate and on which a CF (not shown) and a
black matrix (BM) 103 are provided, is provided on the outer
peripheral part thereof. A liquid crystal injection port 105 is
provided in one side of the seal member 104. Irregular black
occurs in a half tone display at both end parts of a side
opposite to the liquid crystal injection port 105. According to
the study by the present inventor et al., it has been found that
the occurrence of the irregular black is caused from the fact
that the injection speed of an injected liquid crystal in a
non-display part (region between the BM 103 and the seal
member 104) as a peripheral part of a display part is higher
than that in the display part (region within the BM 103; here,
it is coincident with a disposition part of an alignment film
106) of an image.

As aresult of a further detailed study, it has been found that
as a portion of the non-display part which has no vertical
alignment, that is, a region outside the alignment film 106 (it
has horizontal alignment) becomes wide, the liquid crystal
injection speed in the non-display part becomes high. In
general, the liquid crystal injection speed in the vertical align-
ment part is low, and that in the horizontal alignment part is
high. Then, the present inventor thought of controlling the
alignment of the non-display part to be almost equal to the
alignment (here, vertical) of the display part. Specifically, as
described below in detail, it is appropriate that the seal mem-
ber and the alignment film are made to approach each other so
that the area of the non-display part becomes as small as
possible, or an oil repellent treatment is performed to the
non-display part so that the liquid crystal of the non-display
part is made to have a pseudo vertical alignment. By this, the
liquid crystal injection speed can be unified, and the occur-
rence of the irregular black in the half tone display can be
suppressed.
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Specific Examples

On the basis of the foregoing basic point of this embodi-
ment, specific examples will be described. Here, a liquid
crystal display device including a main construction as shown
in FIG. 8 is made an object.

This liquid crystal display device is constituted by a pair of
transparent glass substrates 16 and 17 spaced by a predeter-
mined interval and opposite to each other, and a liquid crystal
layer 6 sandwiched between these transparent glass sub-
strates 16 and 17. The transparent glass substrates 16 and 17
are bonded and fixed by a not-shown seal member.

Plural pixel electrodes 20 made of ITO and not-shown
TFTs as active elements are formed on the one transparent
glass substrate (TFT substrate) 16 through an insulating layer
32, and a transparent vertical alignment film 26q is formed so
as to cover the pixel electrodes 20. A CF 28 (and a not-shown
BM), a common electrode (opposite electrode) 22, and a
vertical alignment film 265 are sequentially stacked on the
other transparent glass substrate (CF substrate) 17. Then, the
vertical alignment films 26a and 265 are made to opposite to
each other to hold the liquid crystal layer 6 therebetween, the
glass substrates 16 and 17 are fixed by the seal member, and
polarizers 30 and 31 are provided outside the respective sub-
strates 16 and 17. The pixel electrodes 20 are formed together
with an active matrix (TFT matrix), and in the illustrated
example, a data bus line (drain bus line) 34 to which a drain
electrode of a TFT is connected is shown. Besides, although
notshown, a gate bus line to which a gate electrode of the TFT
1s connected is also formed. Incidentally, the electrodes may
be provided on only one substrate.

The liquid crystal layer 6 is formed by injecting a liquid
crystal through a liquid crystal injection port provided in the
seal member. In this example, monomers which are polymer-
ized by light or heat are mixed in the liquid crystal. Further,
for example, as shown in FIG. 9, minute slits 20a forming an
alignment pattern is formed in the pixel electrode 20. Then, as
shown in FIG. 10, UV irradiation or heat treatment is per-
formed while a predetermined alternating voltage is applied
to the injected liquid crystal, so that the monomers are poly-
merized and polymer structures 6a regulated by the align-
ment pattern of the slits 20a are formed in the surface layers
(surfaces of the vertical alignment films 26a and 265) of the
liquid crystal layer 6. The liquid crystal molecules are regu-
lated by the polymer structures 6a and are aligned in accor-
dance with the alignment pattern.

Example 2-1

FIGS.11A and 11B are schematic views showing a state at
the time of formation of a liquid crystal layer of a liquid
crystal display device according to example 2-1 of this
embodiment. FIG. 11A is a plan view and FIG. 11B is a
sectional view along a short side.

In this liquid crystal display device, a seal member 42
surrounding a vertical alignment film 26¢ is provided on a
TFT substrate 16, and a BM 44 covering the periphery of a
vertical alignment film 265 is provided on a CF substrate 17.
The seal member 42 is disposed adjacent to the vertical align-
ment film 264, and a non-display part of a region between the
BM 44 and the seal member 42 is made very narrow (there is
also a case where they are made to coincide with each other).
It is preferable that the width of this non-display part is made,
for example, 0.5 mm or less.

In this state, the liquid crystal is injected through a liquid
crystal injection port 12 provided in one side of the seal
member 42. At this time, since the non-display part hardly
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exists, and the vertical alignment films 26a and 265 cover the
inner region of the seal member 42, liquid crystal molecules
are regulated by these over the whole surface, and the liquid
crystal injection is performed in the state of vertical align-
ment. Accordingly, in this case, the difference inliquid crystal
injection speed as described above does not occur, the liquid
crystal layer 6 is formed at a uniform injection speed, and the
occurrence of the irregular black due to the difference of the
liquid crystal injection speed is suppressed.

As described above, according to the liquid crystal display
device of this example, it is possible to easily and certainly
improve the aperture ratio without causing defects such as an
uneven display and to realize the liquid crystal display having
high reliability.

Example 2-2

FIGS. 12A and 12B are schematic views showing a state at
the time of formation of a liquid crystal layer of a liquid
crystal display device according to example 2-2 of this
embodiment. FIG. 12A is a plan view and FIG. 12B is a
sectional view taken along a short side.

In this liquid crystal display device, a seal member 42
surrounding a vertical alignment film 26« is provided on a
TFT substrate 16, and a BM 44 covering the periphery of a
vertical alignment film 265 is provided on a CF substrate 17.
The vertical alignment films 264 and 265 exceed the BM 44
and are disposed to expand to the seal member 42. In this case,
a region between the vertical alignment film 26a or 265 and
the seal member 42 is made very narrow (there is also a case
where they are made to coincide with each other). It is pref-
erable that the width of this region is made, for example, 0.5
mm or less.

In this state, the liquid crystal is injected through a liquid
crystal injection port 12 provided in one side of the seal
member 42. At this time, since a non-display part hardly
exists, and the vertical alignment films 264 and 265 cover the
inner region of the seal member 42, liquid crystal molecules
are regulated by these over the whole surface, and the liquid
crystal injection is performed in the state of vertical align-
ment. Accordingly, in this case, the difference in liquid crystal
injection speed as described above does not occur, the liquid
crystal layer 6 is formed at a uniform injection speed, and the
occurrence of the irregular black due to the difference in the
liquid crystal injection speed is suppressed.

As described above, according to the liquid crystal display
device of this example, the aperture ratio can be easily and
certainly improved without causing defects such as an uneven
display, and the liquid crystal display having high reliability
can be realized.

Example 2-3

FIGS. 13A and 13B are schematic views showing a state at
the time of formation of a liquid crystal layer of a liquid
crystal display device according to example 2-3 of this
embodiment. FIG. 13A is a plan view and FIG. 13B is a
sectional view taken along a short side.

In this liquid crystal display device, a seal member 42
surrounding a vertical alignment film 26¢ is provided on a
TFT substrate 16, and a BM 44 covering the periphery of a
vertical alignment film 265 is provided on a CF substrate 17.
A fluorine member 41 of an oil repellent resin is coated and
formed on a non-display part between the BM 44 and the seal
member 42.

In this state, the liquid crystal is injected through a liquid
crystal injection port 12 provided in one side of the seal
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member 42. At this time, in the non-display part, the liquid
crystal is repelled by the fluorine member 41 so that the liquid
crystal molecules are brought into a pseudo vertical align-
ment, and the liquid crystal injection is performed in a state
where the liquid crystal molecules are vertically aligned over
substantially the whole surface. Accordingly, in this case, the
difference in liquid crystal injection speed as described above
does not occurs, the liquid crystal layer 6 is formed at a
uniform injection speed, and the occurrence of the irregular
black due to the difference in liquid crystal injection speed is
suppressed.

As described above, according to the liquid crystal display
device of this example, the aperture ratio can be easily and
certainly improved without causing defects such as an uneven
display, and the liquid crystal display having high reliability
can be realized.

Example 2-4

FIGS. 14A to 14C are schematic views showing a state at
the time of formation of a liquid crystal layer of a liquid
crystal display device according to example 2-4 of this
embodiment. FIG. 14A is a plan view, FIG. 14B is a sectional
view takenalong ashort side, and F1G. 14C is a sectional view
taken along a long side.

In this liquid crystal display device, a seal member 42
surrounding a vertical alignment film 26q is provided on a
TFT substrate 16, and a BM 44 covering the periphery of a
vertical alignment film 265 is provided on a CF substrate 17.

Then, at a short side part in the drawing, that is, at a part
opposite to a liquid crystal injection port 12 in parts parallel to
the liquid crystal injection port 12, a non-display part is
formed to be wide (wide region 46) even when a comparison
with FIGS. 7A and 7B is made. Further, at a long side part in
the drawing (part orthogonal to the liquid crystal injection
port 12) and a short side part at the side of the liquid crystal
injection port 12, the seal member 42 is disposed adjacent to
the vertical alignment film 264, and a non-display part of a
region between the BM 44 and the seal member 42 is made
very narrow (there is also a case where they are made to
almost coincide with each other). It is preferable that the
width of this non-display part is made, for example, 0.5 mm
or less.

In this state, the liquid crystal is injected through the liquid
crystal injection port 12 provided in one side of the seal
member 42. At this time, a liquid crystal in which the con-
centration of a monomer is low is confined in the wide region
46 most distant from the liquid crystal injection port 12, and
a retention region is locally formed. On the other hand, the
non-display part hardly exists in the part other than the part
opposite to the liquid crystal injection port 12, and the vertical
alignment films 26a and 265 cover the inside region of the
seal member 42, so that the liquid crystal molecules are
regulated by these over the whole surface, and the liquid
crystal injection is performed in the state of vertical align-
ment. Accordingly, in this case, the liquid crystal in the wide
region 46 does not have a bad influence, the difference in
liquid crystal injection speed as described above does not
occur, the liquid crystal layer 6 is formed at a uniform injec-
tion speed, and the occurrence of the irregular black dueto the
difference in liquid crystal injection speed can be suppressed.

According to the liquid crystal display device of this
example, the aperture ratio can be easily and certainly
improved without causing defects such as an uneven display,
and the liquid crystal display having high reliability can be
realized.
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As described above, according to this embodiment, the
aperture ratio can be easily and certainly improved without
causing defects such as an uneven display and the liquid
crystal display having high reliability can be realized.
[Third Embodiment]

Next, a liquid crystal display device according to a third
embodiment of the invention and a manufacturing method
thereof will be described. First, the principle of this embodi-
ment will be described.

As aresult of an earnest study of the cause of occurrence of
an uneven display, the present inventor has found that the
cause relates to the fact that when a liquid crystal is injected
into a liquid crystal cell by a vacuum injection method, an
injection speed of the liquid crystal in the vicinity of a seal
member is higher than an injection speed of the liquid crystal
in a display region.

FIGS. 15A and 15B are schematic views showing a vertical
alignment type liquid crystal display device. FIG. 15B is a
plan view showing a part of the liquid crystal display device,
and FIG. 15A is a sectional view taken along line A-A' of FIG.
15B. Incidentally, here, a spacer is not illustrated.

As shown in FIGS. 15A and 15B, a seal member 42 is
provided at the peripheries of a pair of substrates 16 and 17
arranged to be opposite to each other. Alignment films 26a
and 265 for making liquid crystal molecules vertically
aligned are provided on the opposite surfaces of the substrates
16 and 17.

When a liquid erystal 6 having a negative dielectric anisot-
ropy is injected into a liquid crystal cell 14 like this, in the
region where the alignment films 26 and 264 are provided, a
liquid crystal molecule 64 is vertically aligned by the align-
ment films 264 and 265, and advances toward the opposite
side of the liquid crystal injection port 12 (see FIG. 16A).

On the other hand, in the vicinity of the seal member 42,
since the alignment films 26a and 265 are not provided, the
alignment direction of a liquid crystal molecule 6¢ becomes
almost horizontal to the substrates 16 and 17.

The liquid crystal molecule 65 vertically aligned has a
tendency that the injection speed is low as compared with the
liquid crystal molecule 6¢ having the horizontal alignment
direction. Thus, when the liquid crystal 6 is injected into the
liquid crystal cell 14 by the vacuum injection method, the
liquid crystal 6 is not injected into the liquid crystal cell 14 at
auniform speed totally, but the liquid crystal 6 is injected ata
high speed in the vicinity of the seal member 42, and the
liquid crystal 6 is injected at a relatively low speed in a display
region 10.

FIGS. 16A to 17B are conceptual views showing a state
where the liquid crystal is injected.

The inside of the liquid crystal cell 14 is made vacuous, and
after the liquid crystal injection port 12 is immersed in a liquid
crystal plate 48 storing the liquid crystal 6, the pressure of the
insideis returned to the atmospheric pressure. Then, as shown
in FIGS. 16A to 17A, the liquid crystal 6 is injected into the
inside of the liquid crystal cell 14 through the liquid crystal
injection port 12.

Since the injection speed of the liquid crystal 6 in the
vicinity of the seal member 42 is higher than the injection
speed of the liquid crystal 6 in the display region 10, as shown
in FIG. 17A, the liquid crystal advancing along the seal mem-
ber 42 reaches a corner part 50 opposite to the liquid crystal
injection port 12 quickly as compared with the liquid crystal
6 advancing in the display region 10.

Thus, as shown in FIG. 17B, the liquid crystal 6 quickly
advancing along the seal member 42 is turned back by the
corner part 50 and collides against the liquid crystal 6 advanc-
ing in the display region 10.
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According to the study of the present inventor, it has been
found that the uneven display is apt to occur at a place where
the liquid crystal 6 turned back by the corner part 50 collides
against the liquid crystal 6 advancing in the display region 10.

At the place where the uneven display occurs, that is, at the
place where the liquid crystal 6 advancing along the seal
member 42 at a high speed and turned back by the corner part
50 collides against the liquid crystal 6 advancing in the dis-
play region 10 at a relatively low speed, the composition ratio
of the liquid crystal 6 varies slightly. Thus, it is conceivable
that a difference occurs in electrooptic characteristics (volt-
age—transmission characteristics), and the uneven display
occurs.

Incidentally, in a horizontal alignment type liquid crystal
display device, the uneven display hardly occurs.

FIGS. 18A and 18B are schematic views showing a hori-
zontal alignment type liquid crystal display device. FIG. 18B
is a plan view showing a part of the liquid crystal display
device, and F1G. 18A is a sectional view taken along line A-A'
of FIG. 18B.

As shown in FIGS. 18A and 18B, alignment films 264" and
264 for making aliquid crystal molecule horizontally aligned
are provided on the opposite surfaces of substrates 16 and 17.

When a liquid crystal 6' is injected into a liquid crystal cell
15 like this, the alignment directions of liquid crystal mol-
ecules 65' become almost horizontal in both a region where
the alignment films 264’ and 264" are formed and a region
where the alignment films 26a' and 265' are not formed. Since
the alignment directions of the liquid crystal molecules 64'
are almost horizontal in any region, the liquid crystal 6' is
injected into the liquid crystal cell 15 at an almost uniform
speed. Thus, in the case of the horizontal alignment type
liquid crystal display device, the phenomenon in which the
liquid crystal 6' is turned back by the corner part hardly
occurs, and the uneven display does not occur.

Incidentally, one reason why this uneven display does not
occur in the horizontal alignment type liquid crystal display
device is that the selectivity of materials in the horizontal
alignment type liquid crystal is wider than that in the vertical
alignment type liquid crystal, and excellent liquid crystal
materials have been developed.

Besides, it is conceivable that a liquid crystal material
causes a state where an uneven display is apt to occur espe-
cially in a liquid crystal display device of a system in which a
pre-tilt angle is given by a polymer structure. Especially, it is
conceivable that an influence is caused by the fact that a
polymerizable component capable of being polymerized by
light or heat is contained in a liquid crystal.

From the result of the study like this, the present inventor
has conceived that if the injection speed of the liquid crystal
6 in the vicinity of the seal member 42 is made low, it is
possible to prevent the liquid crystal 6 advancing in the vicin-
ity of the seal member 42 from colliding against the liquid
crystal 6 advancing in the display region 10, it is possible to
prevent the formation of a place where the composition of the
liquid crystal material becomes irregular, and the uneven
display can be suppressed.

Example 3-1

A liquid crystal display device according to example 3-1 of
this embodiment and a manufacturing method thereof will be
described by using FIGS. 19A to 20D. FIGS. 19A and 19B
are schematic views showing the liquid crystal display device
according to this example. FIG. 19B is a plan view showing
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16
the liquid crystal display device according to this example,
and FIG. 19A is a sectional view taken along line A-A' of FIG.
19B.

ATFT (not shown), a drain bus line (not shown), a gate bus
line (not shown), a pixel electrode (not shown) and the like are
formed on a substrate 16. As the substrate 16, for example, a
glass substrate is used. An alignment film (not shown) for
making a liquid crystal molecule vertically aligned is formed
on the substrate 16.

A substrate 17 is provided over the substrate 16 to be
opposite to the substrate 16. A CF layer (not shown), a com-
mon electrode (not shown), and the like are formed on the
substrate 17. As the substrate 17, for example, a glass sub-
strate is used. An alignment film (not shown) for making a
liquid crystal molecule vertically aligned is formed on the
substrate 17.

A seal member 42 for sealing a liquid crystal 6 is provided
at peripheral parts of the pair of substrates 16 and 17.

Plural injection delaying structures 18 for slowing the
injection speed of the liquid crystal 6 are provided in the
vicinity of the seal member 42 at a side along a direction in
which the liquid crystal 6 is injected. The injection delaying
structures 18 project in the direction almost vertical to the seal
member 42. Since the injection delaying structures 18 func-
tion as resistors to block the flow of the liquid crystal 6 when
the liquid crystal 6 is injected, the injection speed of the liquid
crystal 6 becomes low in the vicinity of the seal member 42.
Incidentally, the injection delaying structures 18 are inte-
grally formed of the same material as the seal member 42.

A liquid crystal cell 14 is constructed in this way.

The liquid crystal 6 is sealed in the liquid crystal cell 14. A
vertical alignment type liquid crystal having a negative
dielectric anisotropy is used for the liquid crystal 6. A poly-
merizable component such as a monomer or an oligomer is
contained in the liquid crystal 6. As the polymerizable com-
ponent, a material polymerized by heat or light is used. The
liquid crystal 6 like this is used in order to construct a liquid
crystal display device of a system in which a pre-tilt angle is
given by a polymer structure. Incidentally, with respect to the
details of the monomer or the oligomer used for forming the
liquid crystal display device of the system in which the pre-tilt
angle is given by the polymer structure, the specification of
Japanese Patent Application (Japanese Patent Application
No. 2001-98455 and No. 2001-264117) by the present appli-
cants may be referred to.

The liquid crystal injection port 12 is sealed by using a
sealing material 42a.

In this way, the liquid crystal display device according to
this example is constructed.

Next, the manufacturing method of the liquid crystal dis-
play device according to this example will be described with
reference to FIGS. 20A to 20D. FIGS. 20A to 20D are sche-
matic views showing the manufacturing method of the liquid
crystal display device according to this example.

The liquid crystal display device according to this example
can be manufactured by injecting the liquid crystal 6 into the
foregoing liquid crystal cell 14 by a vacuum injection method.

That is, the inside of the liquid crystal cell 14 is made
vacuous, and after the liquid crystal injection port 12 is
immersed in a liquid crystal plate 48 storing the liquid crystal
6, the pressure of the inside is returned to the atmospheric
pressure. Then, as shown in FIG. 20A, the liquid crystal 6
passes through the liquid crystal injection port 12 and is
injected into the inside of the liquid crystal cell 14.

Since the injection delaying structures 18 are provided in
the vicinity of the seal member 42, the injection speed of the
liquid crystal 6 in the vicinity of the seal member 42 becomes
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low. On the other hand, since the injection delaying structures
18 are not provided in the display region 10, the liquid crystal
6 is injected into the display region 10 at a relatively high
speed (FIGS. 20B and 20C).

Then, the liquid crystal 6 is not turned back by the corner
part 50 of the liquid crystal cell 14, but is injected in the whole
liquid crystal cell 14 (FIG. 20D).

Inthis way, the liquid crystal display device of this example
is manufactured.

As described above, according to this example, since the
injection delaying structures 18 for slowing the injection
speed of the liquid crystal 6 are provided in the vicinity of the
seal member 42, the injection speed of the liquid crystal 6 in
the vicinity of the seal member 42 can be made low. Thus,
according to this example, it is possible to prevent the occur-
rence of such a state that the liquid crystal 6 is turned back by
the corner part 50 of the liquid crystal cell 14, and the liquid
crystal 6 turned back by the corner part 50 collides against the
liquid crystal 6 advancing in the display region 10. Therefore,
according to this example, it is possible to prevent the forma-
tion of a place where the composition of the liquid crystal 6 is
irregular, and to provide the liquid crystal display device
having a less uneven display.

Modified Example (No. 1) of Example 3-1

Next, a modified example of the liquid crystal display
device and the manufacturing method thereof according to
this example will be described with reference to FIGS. 21 to
22D. FIG. 21 is a schematic view showing a liquid crystal
display device according to this modified example. FIGS.
22A to 22D are schematic views showing a manufacturing
method of the liquid crystal display device according to this
modified example.

First, the liquid crystal display device according to this
modified example will be described with reference to FIG. 21.

The liquid crystal display device according to this example
has a main feature that the projection directions of injection
delaying structures 18a for slowing the injection seed of the
liquid crystal 6 are inclined to the side of the liquid crystal
injection port 12.

As shown in FIG. 21, in this modified example, the projec-
tion directions of the injection delaying structures 18a are
inclined to the side of the liquid crystal injection port 12. That
is, the projection directions of the injection delaying struc-
tures 18a are inclined in the direction opposite to the direction
in which the liquid crystal 6 is injected. The injection delay-
ing structures 18 are integrally formed of the same material
as the seal member 42.

Incidentally, here, the description has been given of the
case where the same material as the seal member 42 is used as
the material of the injection delaying structures 18a, and the
injection delaying structures 18a are formed integrally with
the seal member 42, the injection delaying structures 18z may
be formed by using a material different from the seal member
42.

In this way, a liquid crystal cell 14a is constructed.

The liquid crystal 6 is sealed in the liquid crystal cell 14a.
The liquid crystal injection port 12 is sealed by using a sealing
material 42a.

In this way, the liquid crystal display device according to
this modified example is constructed.

According to this modified example, since the projection
directions of the injection delaying structures 18a are inclined
to the side of the liquid crystal injection port 12, the injection
delaying structures 18¢ function further powerfully as resis-
tors to block the flow of the liquid crystal 6 when the liquid
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crystal 6 is injected. Thus, according to this modified
example, the injection speed of the liquid crystal 6 in the
vicinity of the seal member 42 can be made to further
decrease.

Besides, according to this modified example, since the
injection delaying structures 18a function further powerfully
as the resistors to block the flow of the liquid crystal 6, even
in the case where the number of the provided injection delay-
ing structures 18« is few, it becomes possible to slow the
injection speed of the liquid crystal 6 in the vicinity of the seal
member 42.

Next, the manufacturing method of the liquid crystal dis-
play device according to this modified example will be
described with reference to FIGS. 22A to 22D.

The liquid crystal display device according to this modified
example can be manufactured by injecting the liquid crystal 6
into the liquid crystal cell 14a by a vacuum injection method.

That is, the inside of the liquid crystal cell 14a is made
vacuous, and after the liquid crystal injection port 12 is
immersed in a liquid crystal plate 48 storing the liquid crystal
6, the pressure of the inside is returned to the atmospheric
pressure. Then, as shown in FIG. 22A, the liquid crystal 6
passes through the liquid crystal injection port 12 and is
injected into the inside of the liquid crystal cell 14a.

Since the injection delaying structures 18a are provided in
the vicinity of the seal member 42, the injection speed of the
liquid crystal 6 in the vicinity of the seal member 42 becomes
lower than that in the case of the manufacturing method of the
liquid crystal display device shown in FIGS. 20A to 20D. On
the other hand, since the injection delaying structures 18a are
not provided in the display region 10, the liquid crystal 6 is
injected in the display region 10 at a relatively high speed (see
FIGS. 22B and 22C).

Then, the liquid crystal 6 is not turned back by the corner
part 50 of the liquid crystal cell 14a, but is injected in the
whole liquid crystal cell 14a (see FIG. 22D).

In this way, the liquid crystal display device according to
this modified example is manufactured.

As stated above, the projection directions of the injection
delaying structures 184 may be inclined to the side of the
liquid crystal injection port 12.

Modified Example (No. 2) of Example 3-1

Next, a modified example (No. 2) of the liquid crystal
display device according to this example will be described
with reference to FIG. 23. FIG. 23 is a plan view showing a
liquid crystal display device according to this modified
example.

The liquid crystal display device according to this modified
example has a main feature that the shape of each of injection
delaying structures 185 is key-shaped.

As shown in FIG. 23, in this modified example, the projec-
tion direction of each of the injection delaying structures 185
is bent toward the side of the liquid crystal injection port 12.
That is, in this modified example, each of the injection delay-
ing structures 185 is bent toward the direction opposite to the
injection direction of the liquid crystal 6. The injection delay-
ing structures 185 are integrally formed by using the same
material as the seal member 42.

Incidentally, here, although the description has been given
of the case where the same material as the seal member 42 is
used as the material of the injection delaying structures 185,
and the injection delaying structures 184 are formed inte-
grally with the seal member 42, the injection delaying struc-
tures 185 may be formed by using a material different from
the seal member 42.
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In this way, a liquid crystal cell 145 is constructed.

The liquid crystal 6 is sealed in the liquid crystal cell 145.
The liquid crystal injection port 12 is sealed by using a sealing
material 42a.

In this way, the liquid crystal display device according to
this modified example is constructed.

According to this modified example, since each of the
injection delaying structures 185 is bent toward the side of the
liquid crystal injection port 12, the injection delaying struc-
tures 185 function further powerfully as resistors to block the
flow of the liquid crystal 6 when the liquid crystal 6 is
injected. Thus, according to this modified example, the injec-
tion speed of the liquid crystal 6 in the vicinity of the seal
member 42 can be made to further decrease.

Besides, according to this modified example, even in the
case where the number of the provided injection delaying
structures 185 is fewer, it becomes possible to slow the injec-
tion speed of the liquid crystal 6 in the vicinity of the seal
member 42.

Modified Example (No. 3) of Example 3-1

Next, a modified example (No. 3) of the liquid crystal
display device and the manufacturing method thereof accord-
ing to this example will be described with reference to FIGS.
24 to 25D. FIG. 24 is a plan view showing a liquid crystal
display device according to this modified example. FIGS.
25A to 25D are schematic views showing a manufacturing
method of the liquid crystal display device according to this
modified example.

First, the liquid crystal display device according to this
modified example will be described with reference to FIG. 24.

The liquid crystal display device according to this modified
example has a main feature that injection delaying structures
185 are thickly provided only in the vicinity of a corner part
50 opposite to a liquid crystal injection port 12, and the
injection delaying structures 185 are thinly provided at the
side of the liquid crystal injection port 12.

As shown in FIG. 24, the injection delaying structures 185
are thickly provided in the vicinity of the corner part 50
opposite to the liquid crystal injection port 12. The injection
delaying structures 185 are integrally formed by using the
same material as the seal member 42.

Incidentally, here, although the description has been given
of the case where the same material as the seal member 42 is
used as the material of the injection delaying structures 185,
and the injection delaying structures 184 are formed inte-
grally with the seal member 42, the injection delaying struc-
tures 185 may be formed by using a material different from
the seal member 42.

On the other hand, the injection delaying structures 185 are
thinly provided at the side of the liquid crystal injection port
12.

Since the turn of the liquid crystal 6 is apt to occur at the
corner part 50 opposite to the liquid crystal injection port 12,
if the injection delaying structures 184 are thickly provided
only in the vicinity of the corner part 50 opposite to the liquid
crystal injection port 12, it is possible to prevent the liquid
crystal 6 from being turned back by the corner part 50.

In this way, a liquid crystal cell 14¢ is constructed.

The liquid crystal 6 is sealed in the liquid crystal cell 14¢.
The liquid crystal injection port 12 is sealed by using a sealing
material 42a.

In this way, the liquid crystal display device according to
this modified example is constructed.
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Next, the manufacturing method of the liquid crystal dis-
play device according to this modified example will be
described with reference to FIGS. 25A to 25D.

The liquid crystal display device according to this modified
example can be manufactured by injecting the liquid crystal 6
into the liquid crystal cell 14¢ by a vacuum injection method.

That is, the inside of the liquid crystal cell 14¢ is made
vacuous, and after the liquid crystal injection port 12 is
immersed in a liquid crystal plate 48 storing the liquid crystal
6, the pressure of the inside is returned to the atmospheric
pressure. Then, as shown in FIG. 25A, the liquid crystal 6
passes through the liquid crystal injection port 12 and is
injected into the inside of the liquid crystal cell 14c¢.

Since the number of the provided injection delaying struc-
tures 184 is few at the side of the liquid crystal injection port
12, the injection speed of the liquid crystal 6 in the vicinity of
the seal member 42 becomes higher than the injection speed
of the liquid crystal 6 in the display region 10 (see FIGS. 25B
and 25C).

However, since the injection delaying structures 18¢ are
thickly provided at the side opposite to the liquid crystal
injection port 12, at the side opposite to the liquid crystal
injection port 12, the injection speed of the liquid crystal 6 in
the vicinity of the seal member 42 becomes lower than the
injection speed of the liquid crystal 6 in the display region 10.

Then, the liquid crystal 6 is not turned back by the corner
part 50 of the liquid crystal cell 14c¢, but is injected in the
whole liquid crystal cell 14¢ (see FIG. 25D).

In this way, the liquid crystal display device according to
this modified example is manufactured.

As stated above, the injection delaying structures 18¢ may
be thickly provided only in the vicinity of the corner part 50
opposite to the liquid crystal injection port 12 and may be
thinly provided at the side of the liquid crystal injection port
12. According to this modified example, since it is sufficient
if the injection delaying structures 18¢ are thickly provided
only in the vicinity of the corner part 50 at the side opposite to
the liquid crystal injection port 12, the degree of freedom in
designing can be improved.

Example 3-2

A liquid crystal display device according to example 3-2 of
this embodiment will be described with reference to F1G. 26.
FIG. 26 is a sectional view showing the liquid crystal display
device according to this example. The same structural ele-
ments as those of the liquid crystal display device according
to the example 3-1 shown in FIGS. 19A to 25D are designated
by the same reference symbols and the explanation is omitted
or is made in brief.

The liquid crystal display device according to this example
has a main feature that structures 19 and 21 are formed on
substrates 16 and 17 differently from a seal member 42, and
an injection delaying structure 18¢ is constructed by mutually
combining the structures 19 and 21 formed on the respective
substrates 16 and 17.

As shown in FIG. 26, a columnar spacer 52 having a height
of, for example, 2.0 um is provided on the substrate 16. The
spacer 52 is provided in the ratio of, for example, one to six
pixels.

The structure 19 is provided on the substrate 16. The struc-
ture 19 is formed by using the same layer as a layer used when
the spacer 52 is formed. Thus, the height of the structure 19 is
equal to the height of the spacer 52.

A pillar spacer 54 having a height of, for example, 2.0 pm
is formed on the substrate 17. When the substrate 16 and the
substrate 17 are bonded to each other, the spacer 52 and the
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spacer 54 are overlapped with each other. The cell thickness is
set to, for example, 4.0 pm by these spacers 52 and 54.

The structure 21 is provided on the substrate 17. The struc-
ture 21 is constructed by using the same layer as a layer used
when the spacer 54 is formed. Thus, the height of the structure
21 is equal to the height of the spacer 54.

When the substrate 16 and the substrate 17 are bonded to
each other, the structure 19 and the structure 21 are over-
lapped with each other. By this, the injection delaying struc-
ture 18¢ is constructed by the structure 19 and the structure
21.

As stated above, the structures 19 and 21 may be formed by
using the same layers as the layers used when the spacers 52
and 54 are formed, and the injection delaying structure 18¢
maybe constructed by combining these structures 19 and 21
with each other.

According to this example, since the structures 19 and 21
are formed by using the same layers as the layers used when
the spacers 52 and 54 are constructed, the injection delaying
structure 18¢ constructed by combining the structures 19 and
21 not only slows the injection speed of the liquid crystal 6,
but also can function as a spacer.

Besides, according to this example, since the structures 19
and 21 are formed by using the same layers as the layers used
when the spacers 52 and 54 are formed, the liquid crystal
display device having a less uneven display can be provided at
low cost without causing the increase of the manufacturing
process.

Modified Example of Example 3-2

Next, a modified example of the liquid crystal display
device according to this example will be described with ref-
erence to FIG. 27. FIG. 27 is a sectional view showinga liquid
crystal display device according to this modified example.

The liquid crystal display device according to this modified
example has a main feature that a laminate structure spacer
52a is formed on a substrate 16, and an injection delaying
structure 184 is constituted by using the same laminate film as
a laminate film constituting the laminate structure spacer.

As shown in FIG. 27, the laminate structure spacer 52a
made of a first spacer layer 53a, a second spacer layer 535,
and a third spacer layer 53¢ are formed on the substrate 16.

Besides, the laminate structure injection delaying structure
184 made of a first structure layer 19a, a second structure
layer 1956, and a third structure layer 19¢ is formed on the
substrate 16 and in the vicinity of a seal member 42. The first
structure layer 19q is formed by using the same layer as the
layer used when the first spacer layer 53a is formed. The
second structure layer 195 is formed by using the same layer
as the layer used when the second spacer layer 535 is formed.
The third structure layer 19¢ is formed by using the same
layer as the layer used when the third spacer layer 53¢ is
formed. That is, the injection delaying structure 184 is con-
stituted by using the same laminate film as the laminate film
used when the laminate structure spacer 52a is formed.

As stated above, the injection delaying structure 184 may
be constituted by using the same laminate film as the laminate
film used when the laminate structure spacer 52a is formed.

Example 3-3

A liquid crystal display device according to example 3-3 of
this embodiment will be described with reference to FIGS.
28A and 28B. FIGS. 28A and 28B are schematic views show-
ing the liquid crystal display device according to this
example. FIG. 28B is a plan view, and FIG. 28 A is a sectional
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view taken along line A-A' of FIG. 28B. The same structural
elements as those of the liquid crystal display device and the
manufacturing method thereof according to the examples 3-1
and 3-2 shown in FIGS. 19A to 27 are designated by the same
reference symbols and the explanation is omitted or is made
in brief.

The liquid crystal display device according to this example
has a main feature that a cell thickness d, in the vicinity ofa
seal member 42 is made less than a cell thickness d, in a
display region 10, so that the injection speed of aliquid crystal
6 in the vicinity of the seal member 42 is made low.

As shown in FIGS. 28A and 28B, an injection delaying
structure 18 having a thickness of, for example, 2.0 um is
formed on a substrate 16. The injection delaying structure 18
is formed into, for example, a plane shape, that is, a mat shape.

Since the injection delaying structure 18e is formed in the
vicinity of the seal member 42, the cell thickness d, in the
vicinity of the seal member 42 1s less than the cell thickness d,
in the display region 10. Specifically, the cell thickness d, in
the vicinity ofthe seal member 42 is, for example, 2.0 pm, and
the cell thickness d, in the display region 10 is, for example,
4.0 um.

As stated above, in this example, since the cell thickness d,
in the vicinity of the seal member 42 is less than the cell
thickness d, in the display region 10, the injection speed of the
liquid crystal 6 in the vicinity of the seal member 42 can be
made lower than the injection speed of the liquid crystal 6 in
the display region 10. Accordingly, also in this example, it is
possible to prevent the liquid crystal 6 turned back by the
corner part 50 of the liquid crystal cell 14 from colliding
against the liquid crystal 6 advancing in the display region 10.
Accordingly, also in this example, it is possible to prevent the
formation of a place where the composition of the liquid
crystal 6 is irregular, and the liquid crystal display device
having a less uneven display can be provided.

Modified Example (No. 1) of Example 3-3

Next, a modified example (No. 1) of the liquid crystal
display device according to this example will be described
with reference to FIG. 29. FIG. 29 is a sectional view showing
a liquid crystal display device according to this modified
example.

The liquid crystal display device according to this modified
example has a main feature that an injection delaying struc-
ture 18f'1s formed by using the same layer as a layer used
when a spacer 52 is formed.

As shown in FIG. 29, the spacer 52 is formed on a substrate
16.

Besides, the injection delaying structure 18f'is formed on
the substrate 16. The injection delaying structure 18/ is
formed into a mat shape similarly to the injection delaying
structure 18¢ shown in FIGS. 28A and 28B. The injection
delaying structure 18f1s formed by using the same layeras the
layer used when the spacer 52 is formed. Thus, the height of
the injection delaying structure 18/1s equal to the height of the
spacer 52.

As stated above, the injection delaying structure 18f may
be formed of the same layer as the layer used when the spacer
52 is formed.

According to this modified example, since the injection
delaying structure 18f1s formed by using the same layeras the
layer used when the spacer 52 is formed, the liquid crystal
display device having a less uneven display can be provided at
low cost without causing the increase of the manufacturing
process.
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Modified Example (No. 2) of Example 3-3

Next, a modified example (No. 2) of the liquid crystal
display device according to this example will be described
with reference to FIG. 30. FIG. 30 is a sectional view showing
a liquid crystal display device according to this modified
example.

The liquid crystal display device according to this modified
example has a main feature that an injection delaying struc-
ture 18g is formed by using the same layer as a first spacer
layer 53a constituting a laminate structure spacer 52a.

As shown in FIG. 30, the laminate structure spacer 52a
made of the first spacer layer 534, a second spacer layer 535,
and a third spacer layer 53¢ is formed on the substrate 16.

Besides, the injection delaying structure 18g is formed on
the substrate 16 and in the vicinity of a seal member 42. The
injection delaying structure 18g is formed into a mat shape
similarly to the injection delaying structure 18¢ shown in
FIGS. 28A and 28B. The injection delaying structure 18g is
formed by using the same layer as the layer used when the first
spacer layer 53a is formed. Thus, the height of the injection
delaying structure 18g is equal to the height of the first spacer
53a.

As stated above, the injection delaying structure 18g may
be formed by using the same layer as the layer used when the
first spacer 53a constituting the laminate structure spacer is
formed.

According to this modified example, since the injection
delaying structure 18g is formed by using the same layer as
the layer used when the first spacer layer 53a constituting the
laminate structure spacer is formed, the liquid crystal display
device having a less uneven display can be provided at low
cost without causing the increase of the manufacturing pro-
cess.

Modified Example (No. 3) of Example 3-3

Next, a modified example (No. 3) of the liquid crystal
display device according to this example will be described
with reference to FIG. 31. FIG. 31 is a sectional view showing
a liquid crystal display device according to this modified
example.

The liquid crystal display device according to this modified
example has a main feature that an injection delaying struc-
ture 187 is formed by using the same layer as a layer used
when a linear alignment regulating structure 55 is formed.

As shown in FIG. 31, the alignment regulating structure 55
is formed on a substrate 16. The alignment regulating struc-
ture 55 is for regulating the alignment direction of a liquid
crystal molecule. The alignment regulating structure 55 is
formed to be, for example, linear.

Besides, the injection delaying structure 18/ is provided on
the substrate 16 and in the vicinity of a seal member 42. The
injection delaying structure 18% is formed by using the same
layer as the layer used when the alignment regulating struc-
ture 55 is formed.

An alignment regulating structure 56 is formed on a sub-
strate 17.

In this way, the liquid crystal display device according to
this modified example is constructed.

As stated above, the injection delaying structure 184 may
be formed by using the same layer as the layer used when the
alignment regulating structure 55 is formed.

According to this modified example, since the injection
delaying structure 18% is formed by using the same layer as
the layer used when the alignment regulating structure 55 is
formed, the liquid crystal display device having a less uneven
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display can be provided at low cost without causing the
increase of the manufacturing process.

Modified Example (No. 4) of Example 3-3

Next, a modified example (No. 4) of the liquid crystal
display device according to this example will be described
with reference to FIG. 32. FIG. 32 is a sectional view showing
a liquid crystal display device according to this modified
example.

The liquid crystal display device according to this modified
example has a main feature that an injection delaying struc-
ture 18/ is formed by using the same layer as a layer used
when a projection-like alignment regulating structure 57 is
formed.

As shown in FIG. 32, the alignment regulating structure 57
is formed on a substrate 16. The alignment regulating struc-
ture 57 is for regulating the alignment direction of a liquid
crystal molecule. The alignment regulating structure 57 is
formed into, for example, a projection form.

Besides, the injection delaying structure 18i is provided in
the vicinity of a seal member 42 on the substrate 16. The
injection delaying structure 18i is formed by using the same
layer as a layer used when the alignment regulating structure
57 is formed.

In this way, the liquid crystal display device according to
this modified example is constructed.

As stated above, the injection delaying structure 18i may
be formed by using the same layer as the layer used when the
alignment regulating structure 57 is formed.

According to this modified example, since the injection
delaying structure 18/ is formed by using the same layeras the
layer used when the alignment regulating structure 57 is
formed, the liquid crystal display device having a less uneven
display can be provided at low cost without causing the
increase of the manufacturing process.

Modified Example (No. 5) of Example 3-3

Next, a modified example (No. 5) of the liquid crystal
display device according to this example will be described
withreference to FIGS.33A and 33B. FIGS. 33A and 33B are
schematic views according to this modified example. FIG.
33B is a plan view, and FIG. 33A is a sectional view taken
along line A-A' of FIG. 33B.

The liquid crystal display device according to this modified
example has a main feature that in addition to the side of a
substrate 16, an injection delaying structure 18; is provided at
the side of a substrate 17.

As shown in FIGS. 33A and 33B, an injection delaying
structure 18e is provided on the substrate 16 and in the vicin-
ity of a seal member 42.

The injection delaying structure 18j is provided on the
substrate 17 and in the vicinity of the seal member 42. The
injection delaying structure 18j is also formed into a mat
shape similarly to the injection delaying structure 18e.

In this modified example, since the injection delaying
structures 18e and 18; are provided on both the substrates 16
and 17, a cell thickness d, in the vicinity of the seal member
42 can be made less. Accordingly, according to this modified
example, the injection speed of the liquid crystal 6 in the
vicinity of the seal member 42 can be made further low.
Accordingly, according to this modified example, it is pos-
sible to further effectively prevent the liquid crystal turned
back by the corner part 50 of the liquid crystal cell 14 from
colliding against the liquid crystal 6 advancing in the display
region 10. Accordingly, according to this modified example,
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it is possible to further prevent the formation of a place where
the composition of the liquid crystal 6 is irregular.

Modified Example (No. 6) of Example 3-3

Next, a modified example (No. 6) of the liquid crystal
display device according to this example will be described
with reference to FIGS. 34A to 34C. FIGS. 34A to 34C are
schematic views showing a liquid crystal display device
according to this modified example. FIG. 34A is a sectional
view showing the liquid crystal display device according to
this modified example. FIG. 34B is a plan view (No. 1)
showing a pattern of an injection delaying structure. F1G. 34C
is a plan view (No. 2) showing a pattern of an injection
delaying structure.

The liquid crystal display device according to this modified
example has a main feature that the plane shape of an injec-
tion delaying structure 18e provided at the side of a substrate
16 is not symmetrical to the plane shape of an injection
delaying structure 18% provided at the side of a substrate 17.

As shown in FIGS. 34A to 34C, the injection delaying
structure 18e is formed on the substrate 16 and in the vicinity
of a seal member 42. The injection delaying structure 18e is
formed into a mat shape.

The injection delaying structure 184 is formed on the sub-
strate 17 and in the vicinity of the seal member 42. The
injection delaying structure 18% has such a shape that a pre-
determined pattern is repeated.

As stated above, the plane shape of the injection delaying
structure 18e provided at the side of the substrate 16 may not
be symmetrical to the plane shape of the injection delaying
structure 18% provided at the side of the substrate 17.
(Various Modifications)

This embodiment can be variously modified in addition to
the above examples.

For example, in the above examples, although the descrip-
tion has been given of the case where the principle of this
embodiment is applied to the liquid crystal display device of
the system in which the pre-tilt angle is given by the polymer
structure, the invention is not limited to the liquid crystal
display device of the system in which the pre-tilt angle is
given by the polymer structure, but can be applied to any
liquid crystal display device. However, in the vertical align-
ment type liquid crystal display device, especially in the
liquid crystal display device of the system in which the pre-tilt
angle is given by the polymer structure, since there is a ten-
dency that the uneven display is apt to occur, it is especially
effective to apply this embodiment.

As described above, according to this embodiment, since
the injection delaying structure for slowing the injection
speed ofthe liquid crystal is provided in the vicinity of the seal
member, the injection speed of the liquid crystal in the vicin-
ity of the seal member can be made low. Thus, according to
this embodiment, it is possible to prevent the occurrence of
such a state that the liquid crystal is turned back by the corner
part of the liquid crystal cell, and the liquid crystal turned
back by the corner part collides against the liquid crystal
advancing in the display region. Accordingly, according to
this embodiment, it is possible to prevent the formation of a
place where the composition of the liquid crystal is irregular,
and the liquid crystal display device having a less uneven
display can be provided.

[Fourth Embodiment]

Next, a liquid crystal display device according to a fourth
embodiment of the invention will be described.

This embodiment relates to a liquid crystal display device,
and particularly to a liquid crystal display device of a vertical
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alignment type and of a system in which the alignment of a
liquid crystal molecule is controlled by using an alignment
regulating force of a polymer formed by light polymerization
or the like.

As already stated, although the MVA mode liquid crystal
display device has excellent visual angle characteristics,
since many complicated structures such as projections for
regulating alignment or slits are provided in the pixel plane,
there is a problem that the aperture ratio is inevitably lowered,
and the brightness is inferior. Further, it can not be neglected
that the formation itself of the many minute and fine struc-
tures complicates the manufacturing process and increases
the manufacturing cost.

This embodiment has been made in view of the above
problem, and an object is to provide a liquid crystal display
device in which an aperture ratio can be improved easily and
certainly without causing defects such as disclination in a
pixel and which realizes a high luminance and high reliable
liquid crystal display.

As a result of an earnest study, the present inventor(s)
(have) conceived various modes of this embodiment
described below.

A liquid crystal display device of this embodiment is a
liquid crystal display device in which a first substrate includ-
ing a first electrode and a second substrate including a second
electrode are bonded through an alignment film and a liquid
crystal layer, the liquid crystal layer includes in a liquid
crystal a polymer structure for aligning a liquid crystal mol-
ecule in a predetermined direction, the first electrode of the
first substrate has the shape of comb teeth, a connection part
for connecting the respective comb teeth is formed at least at
one end part, and the second substrate includes a projection at
apart opposite to the connection part.

(Basic Point)

First, the basic point of this embodiment will be described.

As a method of improving an MVA mode liquid crystal
display device, improving an aperture ratio to increase bright-
ness, and raising the level in cost as well, the present inventor
et al., have developed an alignment regulating technique for
obtaining a stable alignment by mixing a monomer capable of
being polymerized by light or heat in a liquid crystal and by
polymerizing it.

As shown in FIG. 35, this liquid crystal display device is
constituted by a pair of transparent glass substrates 16 and 17
spaced by a predetermined interval and opposite to each
other, and a liquid crystal layer 6 sandwiched between the
transparent glass substrates 16 and 17. The transparent glass
substrates 16 and 17 are bonded and fixed by a not-shown seal
member.

Plural pixel electrodes 20 made of ITO and not-shown
TFTs as active elements are formed on the one transparent
glass substrate (TFT substrate) 16 through homogeneous
insulating layers 32a and 325, and a transparent vertical
alignment film 26a is formed so as to cover the pixel elec-
trodes 20. A CF 28, a common electrode 22 and a vertical
alignment film 265 are sequentially stacked on the other
transparent glass substrate (CF substrate) 12. Then, vertical
alignment films 26 and 264 are made to face each other so as
to hold the liquid crystal layer 6 therebetween, and the glass
substrates 16 and 17 are fixed by a seal member. Polarizers 30
and 31 are provided at the outsides of the respective substrates
16 and 17. The pixel electrodes 20, together with an active
matrix (TFT matrix), are formed, and a data bus line 34 to
which a drain electrode of a TFT is connected is shown in the
illustrated example. Besides, although not shown, a gate bus
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line to which a gate electrode of the TFT is connected is also
formed. Incidentally, the electrodes may be provided on only
one substrate.

The liquid crystal layer 6 is formed by injection of a liquid
crystal through a liquid crystal injection port. In this embodi-
ment, monometrs capable of being polymerized by light or
heat are mixed in the liquid crystal. UV irradiation or heat
treatment is carried out while a predetermined alternating
voltage is applied to the injected liquid crystal, so that the
monomers are polymerized and polymer structures regulated
by an alignment pattern of comb teeth are formed in the liquid
crystal layer 6. Liquid crystal molecules are regulated by the
polymer structures and are aligned according to the alignment
pattern.

In addition to the above construction, in order to make the
alignment control of the liquid crystal molecules fine and to
further improve light transmission factor, as shown in FIGS.
36A and 36B (FIG. 36A is a plan view, and FIG. 36B is a
sectional view), a construction has been designed such that
slits formed in the pixel electrode 20 made of ITO are made
simple, and the liquid crystal molecules are inclined in two
directions at the time of application of a voltage. Incidentally,
in the following FIGS. 36A to 41, with respect to the align-
ment films 26a and 265 and the like, their illustration is
omitted for convenience.

In FIG. 36A, a pixel is formed to be surrounded by a data
bus line 34 and a gate bus line 36 orthogonal thereto. The pixel
electrode 20 is worked into the shape of minute comb teeth,
and is constructed such that a connection part 20c¢ for con-
necting respective comb teeth 205 is provided. Further, a TFT
40 as an active element is provided at one end of the pixel
electrode 20. The connection part 20¢ extends almost parallel
to the data bus line 34, the left ends of the respective comb
teeth 205 are connected in the upper part of the pixel electrode
20 in FIG. 36A, and the right ends of the respective comb
teeth 205 are connected in the lower part. By this, the liquid
crystal molecules are inclined in the two different directions
in one pixel.

However, in this case, as shown in FIG. 36B, by the electric
field at the connection part 20¢ of the pixel electrode 20, a
regulating force is exerted on liquid crystal molecules posi-
tioned above the connection part 20c¢ to incline them in the
reverse direction to the liquid crystal molecules positioned
above the comb teeth 205. Thus, a disclination occurs above
the connection part 20c, which becomes one of causes to
lower the transmission factor.

In the liquid crystal display device of the construction
shown in FIGS. 36A and 36B, in order to suppress the occur-
rence of the disclination, the present inventors have conceived
providing a bank-like projection 38 at a part of the CF sub-
strate 17 opposite to the connection part 20¢ in order to
correct the alignment of the liquid crystal molecules above
the connection part 20c as shown in FIGS. 37A and 37B (FIG.
37A is a plan view, and FIG. 37B is a sectional view).

When the projection 38 is provided on the CF substrate 17
at a portion opposite to the connection part 20c and a region
where the data bus line 34 closest to the connection part 20¢
exists, as shown in FIG. 37B, the liquid crystal molecule
which is about to be inclined in the reverse direction to the
liquid crystal molecules above the comb teeth 205 is regu-
lated by the projection 38, and is inclined in the same direc-
tion as the liquid crystal molecules above the comb teeth 205.
By this, the occurrence of the disclination can be prevented.

In order to effectively use the projection 38, it is desirable
that the highest position of the projection 38 is positioned
closer to the data bus line 34 than the end of the connection
part 20¢ of the pixel electrode 20 (see (i) of FIG. 38). When
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the highest position of the projection 38 is positioned inside
the end of the connection part 20¢, the liquid crystal molecule
above the connection part 20¢ is inclined in the reverse direc-
tion to the liquid crystal molecules above the comb teeth 205
by the opposite side oblique surface of the projection 38 (see
FIG. 39). By providing the projection 38 as in (i) of FIG. 38,
the liquid crystal molecule above the connection part 20c is
regulated by the oblique surface of the projection 38 and is
certainly inclined in the same direction (forward direction) as
the liquid crystal molecules above the comb teeth 204.

In order to further effectively use the projection 38, it is
desirable that the end part ofthe projection 38 at the side of the
pixel electrode 20 is positioned inside the pixel electrode 20
with respect to the center of the connection part 20¢ (see (ii)
of FI1G. 38). That is, in the case where the oblique surface to
incline the liquid crystal molecule in the forward direction is
not positioned in a region wider than aregion where the liquid
crystal molecule 1s inclined in the reverse direction by an
electric field, the effect lessens (see F1G. 40). By disposing
the projection 38 as in (i1) of FIG. 38, a sufficient inclination
in the forward direction can be obtained even above the con-
nection part 20c.

However, the transmission factor drops in the region where
the projection 38 exists. According to the investigation of the
present inventor et al., it has been found that when the width
of the portion of the projection 38 falling within the pixel
region is 5 pm or less, the transmission factor of the liquid
crystal display device in the case where the projection 38 is
provided is higher than that in the case where it is not provided
(see (ii1) of FIG. 38).

Besides, it has been found that in order to prevent a bad
influence on an adjacent pixel, it is desirable that the end part
of the projection 38 at the side of the data bus line 34 is inside
the outside (adjacent pixel side) end part of the data bus line
34 (see (iv) of FIG. 38).

Further, when the width of each of the comb teeth 204 is too
narrow, there is a fear that they are broken, and on the other
hand, when it is too wide, the liquid crystal molecules are not
inclined in the direction parallel to the comb teeth 205.
Besides, when a distance between the comb teeth 205 is too
narrow, there is a fear that a short circuit is caused between the
adjacent comb teeth 205, and on the other hand, when it is too
wide, the liquid crystal molecules are not inclined in the
direction parallel to the slit. Then, it is preferable that the
distance between the comb teeth 205 and the width of each of
the comb teeth 2056 are set to be from 0.5 pm to 5 pm.
Similarly, it is preferable that a cut place between a connec-
tion portion of the TFT 40 and a connection portion of the
minute ITO is also set to be from 0.5 pm to 5 pm.

Example 4-1

Based on the foregoing basic point of this embodiment,
specific example 4-1 will be described. Here, a liquid crystal
display device shown in FIG. 41 was fabricated.

In this example, vertical alignment films are used as the
alignment films 26a and 265, and a liquid crystal having a
negative dielectric anisotropy is used. Two polarizing plates
bonded to both sides of a liquid crystal panel are disposed in
crossed Nicols. The liquid crystal display device according to
this example has a normally black mode. The polarizing axis
of the polarizing plate is inclined by 45° with respect to the
data bus line 34, the panel size is 15 inches in diagonal, and
the resolution is XGA.

In this liquid crystal display device, the width of the pro-
jection 38 is 10 um, and the highest part (apex part) of the
projection 38 is positioned at the center of a region sand-
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wiched between the end part of the pixel electrode 20 and the
end part of the data bus line 34. Further, the end part of the
projection 38 at the side of the pixel electrode 20 is positioned
inside the pixel electrode 20 with respect to the center of the
connection part 20c. Here, the width of a portion of the
projection 38 within the pixel region was 4 um. This liquid
crystal display device is made a sample A.

Sample B and C were fabricated for comparison with the
sample A.

The sample B is a liquid crystal display device having such
aconstruction that the width of the projection 38 is 10 um, the
apex part of the projection 38 is positioned 2 um inside the end
part of the pixel electrode 20, and the width of a portion of the
projection 38 within the pixel region is 7 pm. On the other
hand, the sample C is a liquid crystal display device having
such a construction that the apex part of the projection 38 is
positioned outside the end part of the pixel electrode 20, and
the width of a portion of the projection 38 within the pixel
region is 5 pm.

In addition to the samples B and C, the liquid crystal
display device of the construction of FIG. 36A was made
sample D, and when the luminance was compared between
the sample D and the samples A, B and C, the luminance in the
sample A was improved by 5% as compared with the sample
D, the luminance in the sample B was lowered by 1% as
compared with the sample D, and the sample C exhibited the
luminance comparable to the sample D. As stated above,
explicit superiority of the sample A of this example was
verified.

As described above, according to the liquid crystal display
device of this embodiment, it becomes possible to easily and
certainly improve the aperture ratio without causing defects
such as disclination in a pixel and to realize the liquid crystal
display device having high luminance and high reliability.

The invention is not limited to the above embodiment, but
can be modified variously.

For example, in the above embodiment, although the liquid
crystal display device of the normally black mode is cited as
an example, the invention is not limited to this, but can be
applied to a liquid crystal display device of a normally white
mode.

Besides, in the above embodiment, although the transmis-
sion liquid crystal display device is cited as an example, the
invention is not limited to this, but can be applied to another
liquid crystal display device such as a reflection or transfrec-
tive liquid crystal display device.

Besides, in the first, second and fourth embodiments,
although the description has been given of the example in
which the monomer is cited as an example of the polymeriz-
able component, an oligomer may be naturally made to be
contained as the polymerizable component in the liquid crys-
tal layer.

As described above, according to the invention, it is pos-
sible to realize the liquid crystal display device in which
excellent display characteristics can be obtained.

Besides, according to the invention, the aperture ratio can
be easily and certainly improved without causing defects such
as an uneven display, and the liquid crystal display having
high reliability can be realized.

Further, according to the invention, since the injection
delaying structure for slowing the injection speed of the liquid
crystal is provided in the vicinity of the seal member, the
injection speed of the liquid crystal in the vicinity of the seal
member can be made low. Thus, according to the invention, it
is possible to prevent the occurrence of such a state that the
liquid crystal is turned back by the corner part of the liquid
crystal cell, and the liquid crystal turned back by the corner

10

15

20

25

30

35

40

45

50

55

60

65

30

part collides against the liquid crystal advancing in the dis-
play region. Therefore, according to the invention, it is pos-
sible to prevent the formation of a place where the composi-
tion of the liquid crystal is irregular, and further, the liquid
crystal display device having a less uneven display can be
provided.

What is claimed is:

1. A liquid crystal display device, comprising:

a pair of substrates;

a liquid crystal layer sealed between the pair of substrates;

color filters of different colors formed on one of the sub-

strates;

an alignment film formed over the color filters; and

a polymer layer formed on the surface of the alignment

film, the polymer layer being configured to align liquid
crystal molecules,

wherein pre-tilt angles of the liquid crystal molecules are

different among respective pixels where the color filters
of different colors are formed.

2. The liquid crystal display device according to claim 1,
wherein the pre-tilt angle at the pixel having the color filter of
red is denoted by Rt, the pre-tilt angle at the pixel having the
color filter of green by Gt and the pre-tilt angle at the pixel
having the color filter of blue by Bt, then a relationship of
Rt<Gt<Bt is satisfied.

3. A liquid crystal display device, comprising:

a pair of substrates;

a liquid crystal layer sealed between the pair of substrates;

color filters of different colors formed on one of the sub-

strates;

an alignment film formed over the color filters; and

a polymer layer formed on the surface of the alignment

film, the polymer layer being configured to align liquid
crystal molecules,

wherein pre-tilt angles of the liquid crystal molecules are

different among respective pixels where the color filters
of different colors are formed, and

wherein the polymer layer is formed by irradiating the

liquid crystal layer with UV light and by polymerizing a
monomer.

4. The liquid crystal display device according to claim 1,
wherein T-V characteristics in the respective pixels are sub-
stantially uniform.

5. The liquid crystal display device according to claim 1,
wherein a pixel electrode having a slit is formed on one of the
substrates.

6. The liquid crystal display device according to claim 1,
wherein the alignment film is a vertical alignment film.

7. A liquid crystal display device, comprising:

a pair of substrates;

a liquid crystal layer sealed between the pair of substrates;

color filters of different colors formed on one of the sub-

strates; and

an alignment film formed over the color filters; and

a polymer layer formed on the surface of the alignment

film, the polymer layer being configured to align liquid
crystal molecules,

wherein pre-tilt angles of the liquid crystal molecules are

different among respective pixels where the color filters
of different colors are formed, and

wherein the polymer layer is formed by irradiating the

liquid crystal layer with UV light and by polymerizing a
monomer,

wherein the liquid crystal display device further com-

prises:

a common electrode provided on one of the pair of sub-

strates; and
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pixel electrodes provided on another of the pair of sub-
strates and configured to apply voltages to the liquid
crystal layer in cooperation with the common electrode,

wherein the voltages applied to the liquid crystal layer
while the UV light is irradiated to the liquid crystal layer
are different among the respective pixels where the color
filters of different colors are formed.

8. The liquid crystal display device according to claim 3,
wherein the pre-tilt angle at the pixel having the color filter of
red is denoted by Rt, the pre-tilt angle at the pixel having the
color filter of green is denoted by Gt and the pre-tilt angle at
the pixel having the color filter of blue by Bt, then a relation-
ship of Rt<Gt<Bt is satisfied.

9. The liquid crystal display device according to claim 3,
wherein the T-V characteristics in the respective pixels are
substantially uniform.

10. The liquid crystal display device according to claim 3,
wherein a pixel electrode having a slit is formed on one of the
substrates.
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11. The liquid crystal display device according to claim 3,
wherein the alignment film is a vertical alignment film.

12. The liquid crystal display device according to claim 7,
wherein the pre-tilt angle at the pixel having the color filter of
red is denoted by Rt, the pre-tilt angle at the pixel having the
color filter of green is denoted by Gt and the pre-tilt angle at
the pixel having the color filter of blue by Bt, then a relation-
ship of Rt<Gt<Bt is satisfied.

13. The liquid crystal display device according to claim 7,
wherein the T-V characteristics in the respective pixels are
substantially uniform.

14. The liquid crystal display device according to claim 7,
wherein a pixel electrode having a slit is formed on one of the
substrates.

15. The liquid crystal display device according to claim 7,
wherein the alignment film is a vertical alignment film.
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