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(57) ABSTRACT

The invention relates to a liquid crystal display used as a
display section of an electronic apparatus and a method of
manufacturing the same, and it is aimed at providing a liquid
crystal display which can achieve high viewing angle char-
acteristics and a method of manufacturing the same. A
configuration is employed which includes a pair of sub-
strates provided opposite to each other, a liquid crystal
sealed between the pair of substrates, protrusions formed on
at least one of the pair of substrates for regulating the
alignment of the liquid crystal, and a plurality of pixel
regions having both of a first area in which the protrusions
are disposed at first intervals a2 and which has a first
threshold voltage for driving of the liquid crystal and a
second area in which the protrusions are disposed at second
intervals a2 smaller than the first intervals and which has a
second threshold voltage lower than the first threshold
voltage.
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LIQUID CRYSTAL DISPLAY AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] This is a divisional of application Ser. No. 10/796,
783, filed Mar. 9, 2004.

[0002]

[0003] The present invention relates to a liquid crystal
display used as a display section of an electronic apparatus
and a method of manufacturing the same, and more particu-
larly to an MVA type liquid crystal display having high
viewing angle characteristics and a method of manufactur-
ing the same.

[0004] 2. Description of the Related Art

[0005] Recently, liquid crystal displays are widely used in
various applications taking advantage of their features such
as low profiles and light weights, low-voltage drivability and
low power consumption. Further, some liquid crystal dis-
plays are available with display characteristics comparable
to those of CRTs and are therefore being put in use as
monitors and television receivers for which CRTs have been
dominantly used.

1. Field of the Invention

[0006] Among liquid crystal displays that are currently in
practical use, MVA (Multi-domain Vertical Alignment) dis-
plays are one of types which exhibit high display charac-
teristics comparable to those of CRTs. In an MVA type liquid
crystal display (hereinafter referred to as “MVA-LCD”),
liquid crystal molecules are aligned substantially perpen-
dicularly to a substrate surface when no voltage is applied.
When a voltage is applied, the liquid crystal molecules are
aligned in a predetermined direction that is regulated by
alignment regulating structures formed on a substrate sur-
face. Alignment regulating structures include protrusions,
recesses, and blanks (slits) in an electrode.

[0007] FIG. 37 shows a configuration of three pixels of a
common MVA-LCD. As shown in FIG. 37, linear protru-
sions 1102 and 1104 in a zigzag configuration constituted by
dielectric bodies are formed on a pair of substrates provided
opposite to each other, respectively. The linear protrusions
1102 formed on one of the substrates and the linear protru-
sions 1104 formed on the other substrate are disposed
alternately. Thus, liquid crystal molecules are tilted in a
different direction in each of regions A, B, C and D. Liquid
crystal molecules in one pixel are tilted in four directions in
the regions A, B, C and D, respectively, each of the direc-
tions being at a differential angle of about 90°. Thus, four
domains of alignment are obtained.

[0008] Patent Document 1: JP-A-2000-356773

[0009] Patent Document 2: JP-A-2002-357830

[0010] Patent Document 3: Japanese Patent No. 2947350
[0011] Patent Document 4: JP-A-H11-242225

[0012] FIG. 38A is a graph showing transmittance-volt-

age characteristics (T-V characteristics) of the MVA-LCD
shown in FIG. 37. The abscissa axis represents voltages (V)
applied to the liquid crystal, and the ordinate axis represents
transmittances (%) of light. The line X1 in the graph
indicates T-V characteristics in a direction perpendicular to
the display screen (hereinafter referred to as “square direc-
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tion”), and the line X2 indicates T-V characteristics in an
upward direction at a polar angle of 60° to the display screen
(hereinafter referred to as “oblique direction™). A polar angle
is an angle to a line perpendicular to the display screen. The
display mode of the MVA-LCD is the normally black mode
in which a voltage (absolute value) applied to the liquid
crystal is decreased to display black and increased to display
white. As shown in FIG. 38A, when voltages (in the range
from about 2.2 to 2.9 V) in the neighborhood of a region
where a threshold voltage is exceeded are applied, transmit-
tances in the oblique direction are higher than those in the
square direction.

[0013] FIG. 38B is an enlarged view of the neighborhood
of the threshold voltage in the graph shown in FIG. 38A. As
shown in FIG. 38B, for example, when a voltage (about 2.3
V) which provides a transmittance of 0.2% in the square
direction is applied, transmittance in the oblique direction
increases to about 2.5% as indicated by the arrow in the
figure. In particular, when a voltage slightly in the excess of
the threshold voltage is applied, since the value of the
resultant transmittance itself is small, transmittance in the
oblique direction increases significantly relative to transmit-
tance in the square direction. This results in a problem in that
an image displayed in halftones appears whitish in the
oblique direction because of degradation of gradation/view-
ing angle characteristics. It is desired to mitigate this phe-
nomenon because it can reduce display quality of an MVA-
LCD.

SUMMARY OF THE INVENTION

[0014] Tt is an object of the invention to provide a liquid
crystal display which can achieve high viewing angle char-
acteristics and a method of manufacturing the same.

[0015] The above object is achieved by a liquid crystal
display characterized in that it has a pair of substrates
provided opposite to each other, a liquid crystal sealed
between the pair of substrates, alignment regulating struc-
tures formed on at least either of the pair of substrates for
regulating the alignment of the liquid crystal, and a plurality
of pixel regions having both of a first area in which the
alignment regulating structures are disposed at first intervals
and which has a first threshold voltage for driving of the
liquid crystal and a second area in which the alignment
regulating structures are disposed at second intervals smaller
than the first intervals and which has a second threshold
voltage lower than the first threshold voltage.

[0016] As described above, the invention makes it pos-
sible to provide a liquid crystal display which can achieve
high viewing angle characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGS. 1A and 1B are graphs showing T-V char-
acteristics of a liquid crystal display in a first mode for
carrying out the invention;

[0018] FIG. 2 shows a schematic configuration of the
liquid crystal display in the first mode for carrying out the
invention;

[0019] FIG. 3 is a sectional view showing a configuration
of an MVA-LCD;

[0020] FIG. 4 is a graph showing T-V characteristics of
the MVA-LCD;
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[0021] FIGS. 5A to 5F show examples of patterns in
which alignment regulating structures are disposed;

[0022] FIG. 6 is a sectional view showing disposition of
protrusions in a pixel;

[0023] FIG. 7 shows disposition of protrusions in a pixel
as viewed in a direction perpendicular to substrate surfaces;

[0024] FIG. 8 is a graph showing a comparison between
T-V characteristics achieved with the configuration shown in
FIG. 6 and T-V characteristics achieved with the configu-
ration shown in FIG. 7,

[0025] FIG. 9 shows a configuration of a liquid crystal
display according to Embodiment 1-1 in the first mode for
carrying out the invention;

[0026] FIG. 10 shows a configuration of a liquid crystal
display according to Embodiment 1-2 in the first mode for
carrying out the invention;

[0027] FIG. 11 shows a configuration of a liquid crystal
display according to Embodiment 1-3 in the first mode for
carrying out the invention;

[0028] FIG. 12 is a sectional view showing a configura-
tion of a liquid crystal display in a second mode for carrying
out the invention;

[0029] FIG. 13 is a graph showing T-V characteristics of
the liquid crystal display in the second mode for carrying out
the invention;

[0030] FIG. 14 is a sectional view showing another con-
figuration of a liquid crystal display in the second mode for
carrying out the invention;

[0031] FIGS. 15A to 15F are sectional views taken in
processes showing a method of manufacturing a liquid
crystal display according to the related art;

[0032] FIGS. 16A to 16C are sectional views taken in
processes showing a method of manufacturing a liquid
crystal display in the second mode for carrying out the
invention;

[0033] FIGS.17A to 17C are sectional views showing the
flow of the formation of alignment controlling layers;

[0034] FIGS. 18A and 18B are sectional views showing
a method of forming alignment controlling layers having
different anchoring energies in one pixel;

[0035] FIG. 19 is a sectional view showing another
example of a method of forming alignment controlling
layers having different anchoring energies in one pixel;

[0036] FIG. 20 is a sectional view showing still another
example of a method of forming alignment controlling
layers having different anchoring energies in one pixel;

[0037] FIG. 21 is a graph showing dependence of a T-V
curve on the dose of irradiation with light;

[0038] FIG. 22 is a graph showing dependence of T-V
characteristics on the dose of irradiation with light in a case
wherein an optical initiator is used;

[0039] FIG. 23 is a sectional view showing a configura-
tion of a liquid crystal display fabricated according to a
method of manufacturing a liquid crystal display in the
second mode for carrying out the invention;
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[0040] FIG. 24 is a sectional view showing a configura-
tion of a liquid crystal display fabricated according to the
method of manufacturing a liquid crystal display in the
second mode for carrying out the invention;

[0041] FIG. 25 is a sectional view showing a configura-
tion of a liquid crystal display fabricated according to the
method of manufacturing a liquid crystal display in the
second mode for carrying out the invention;

[0042] FIG. 26 is a sectional view showing a configura-
tion of a liquid crystal display fabricated according to the
method of manufacturing a liquid crystal display in the
second mode for carrying out the invention;

[0043] FIG. 27 is a graph showing T-V characteristics in
an area having alignment controlling layers and showing
T-V characteristics in an area having vertical alignment films
formed therein;

[0044] FIG. 28 shows a schematic sectional configuration
of an MVA-LCD;

[0045] FIG. 29 shows a schematic sectional configuration
of an IPS mode liquid crystal display;

[0046] FIG. 30 is a sectional view of a region substantially
equivalent to one pixel showing a configuration of a liquid
crystal display in a third mode for carrying our the invention.

[0047] FIG. 31 is a sectional view of a region substantially
equivalent to one pixel showing a pre-tilt angle of liquid
crystal molecules of the liquid crystal display in the third
mode for carrying out the invention;

[0048] FIG. 32 is a graph showing T-V characteristics of
the liquid crystal display in the third mode for carrying out
the invention;

[0049] FIG. 33 is a sectional view of a region substantially
equivalent to one pixel showing a configuration of a liquid
crystal display according to Embodiment 3-1 in the third
mode for carrying out the invention;

[0050] FIG. 34 is a graph showing how a voltage applied
to a liquid crystal of Embodiment 3-1 in the third mode for
carrying out the invention changes with time;

[0051] FIG. 35 shows a sectional configuration of a liquid
crystal display which has areas with a different initial pre-tilt
angle in some parts thereof;

[0052] FIG. 36 shows a sectional configuration of a liquid
crystal display having slits formed therein;

[0053] FIG. 37 shows a configuration of a liquid crystal
display according to the related art;

[0054] FIGS. 38A and 38B are graphs showing T-V
characteristics of the liquid crystal display according to the
related art;

[0055] FIG. 39 schematically shows a configuration of a
liquid crystal display which constitutes a base of a fourth
mode for carrying out the invention;

[0056] FIG. 40 is a sectional view showing a configura-
tion of a liquid crystal display panel which constitutes a base
of the fourth mode for carrying out the invention;

[0057] FIG. 41 shows an equivalent circuit of one pixel of
a liquid crystal display in the fourth mode for carrying out
the invention;
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[0058] FIG. 42 shows a configuration of a liquid crystal
display according to Embodiment 4-1 in the fourth mode for
carrying out the invention;

[0059] FIG. 43 shows an equivalent circuit of one pixel of
the liquid crystal display according to Embodiment 4-1 in
the fourth mode for carrying out the invention;

[0060] FIG. 44 shows a modification of the configuration
of the liquid crystal display of Embodiment 4-1 in the fourth
mode for carrying out the invention;

[0061] FIG. 45 shows another modification of the con-
figuration of the liquid crystal display of Embodiment 4-1 in
the fourth mode for carrying out the invention;

[0062] FIG. 46 shows still another modification of the
configuration of the liquid crystal display of Embodiment
4-1 in the fourth mode for carrying out the invention;

[0063] FIG. 47 shows an equivalent circuit of one pixel of
a liquid crystal display according to Embodiment 4-2 in the
fourth mode for carrying out the invention;

[0064] FIG. 48 shows an equivalent circuit of one pixel of
a liquid crystal display according to Embodiment 4-3 in the
fourth mode for carrying out the invention;

[0065] FIG. 49 shows an equivalent circuit of one pixel of
a liquid crystal display according to Embodiment 4-4 in the
fourth mode for carrying out the invention;

[0066] FIG. 50 shows a configuration of a liquid crystal
display fabricated using a method of manufacturing a liquid
crystal display according to Embodiment 5-1 in a fifth mode
for carrying out the invention;

[0067] FIG. 51 is a sectional view showing a schematic
configuration of the liquid crystal display taken along the
line A-A in FIG. 50;

[0068] FIGS.52A to 52D are sectional views showing the
method of manufacturing the liquid crystal display accord-
ing to Embodiment 5-1 in the fifth mode for carrying out the
invention;

[0069] FIGS. 53A to 53D are sectional views showing a
method of manufacturing a liquid crystal display according
to Embodiment 5-2 in the fifth mode for carrying out the
invention;

[0070] FIGS. 54A to 54D are sectional views showing a
method of manufacturing a liquid crystal display according
to Embodiment 5-3 in the fifth mode for carrying out the
invention;

[0071] FIGS. 55A to 55D are sectional views showing a
method of manufacturing a liquid crystal display according
to Embodiment 5-4 in the fifth mode for carrying out the
invention;

[0072] FIG. 56 shows a sectional shape of a liquid crystal
display;

[0073] FIG. 57 shows an example of an electrode pattern
of an MVA type liquid crystal display according to the
related art;

[0074] FIGS. 58A and 58B illustrate alignment control
exercised by structures of an MVA type liquid crystal
display;
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[0075] FIG. 59 shows another example of structures (elec-
trode slits);

[0076] FIG. 60 shows a difference in applied voltage/
transmittance (T-V) characteristics of an MVA type liquid
crystal display according to the related art depending on the
viewing angle;

[0077] FIG. 61 illustrates the principle of an HT method
for improving viewing angle characteristics by providing
parts having different threshold voltages in one pixel;

[0078] FIGS. 62A and 62B illustrate a definition of the
disposing density of structures (protrusions);

[0079] FIG. 63 shows a difference in T-V characteristics
attributable to intervals between protrusions in a configura-
tion in which the protrusions are disposed on both sub-
strates;

[0080] FIG. 64 shows changes in a threshold voltage
attributable to intervals between protrusions;

[0081] FIGS. 65A and 65B illustrate different aligning
operations that depend on intervals between protrusions;

[0082] FIG. 66 shows a difference in T-V characteristics
attributable to intervals between protrusions in a configura-
tion in which the protrusions are disposed on one substrate;

[0083] FIGS. 67A to 67C illustrate behaviors of liquid
crystal molecules in an area in which an interval between
protrusions is small;

[0084] FIGS. 68A to 68C show examples of disposition of
protrusions according to Embodiment 6-1 in a sixth mode
for carrying out the invention;

[0085] FIGS. 69A and 69B show configurations and
patterns of the protrusions of Embodiment 6-1 in the sixth
mode for carrying out the invention;

[0086] FIG. 70 shows T-V characteristics of Embodiment
6-1 in the sixth mode for carrying out the invention;

[0087] FIG. 71 shows configurations and patterns of pro-
trusions according to Embodiment 6-2 in the sixth mode for
carrying out the invention;

[0088] FIG. 72 shows configurations and patterns of other
structures according to Embodiment 6-2 in the sixth mode
for carrying out the invention; and

[0089] FIG. 73 shows another example of structures
(recesses)

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

(First Mode for Carrying Out the Invention)

[0090] A liquid crystal display in a first mode for carrying
out the invention will be described with reference to FIGS.
1A to 10. First, a technique which constitutes the basis of the
present mode for carrying out the invention will be
described. One method for solving the problem that a
displayed image appears whitish in an oblique direction is a
technique in which both of areas having different threshold
voltages are provided in one pixel. For example, an area
having a threshold voltage (about 2.2 V) as shown in FIGS.
38A and 38B and an area having a threshold voltage lower
than the same are both provided in one pixel. FIG. 1A is a
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graph showing T-V characteristics of an MVA-LCD utilizing
the above-described technique. FIG. 1B is an enlarged view
of the neighborhood of a threshold voltage in the graph
shown in FIG. 1A. The abscissa axis represents voltages (V)
applied to the liquid crystal, and the ordinate axis represents
light transmittances (%). The line Al in the graph indicates
T-V characteristics in a square direction and, the line A2
indicates T-V characteristics in an oblique direction.

[0091] As shown in FIGS. 1A and 1B, when a voltage that
provides a transmittance of 0.2% in the square direction is
applied, the transmittance in the oblique direction increases
to about 0.7% as indicated by the arrow in FIG. 1B. The
transmittance in the oblique direction can be suppressed to
one-thirds or less of that of the MVA LCD according to the
related art shown in FIGS. 38A and 38B, which is a
significant improvement in display quality. This technique
makes it possible to suppress the increase in transmittance in
the oblique direction relative to transmittance in the square
direction, thereby improving display quality significantly.
The provision of an area having a low threshold voltage in
addition to an area having a normal threshold voltage is
advantages also in suppressing any increase in a driving
voltage of a liquid crystal.

[0092] The liquid crystal display in the present mode for
carrying out the invention will now be described. FIG. 2
shows a schematic configuration of the liquid crystal display
in the present mode for carrying out the invention. As shown
in FIG. 2, the liquid crystal display has gate bus lines and
data bus lines formed such that they intersect each other with
an insulation film interposed between them and a TFT
substrate 2 having a TFT and a pixel electrode formed at
each pixel. The liquid crystal display also has an opposite
substrate 4 having a common electrode formed thereon and
a liquid crystal (not shown) sealed between the substrates 2
and 4.

[0093] A gate bus line driving circuit 80 loaded with a
driver IC for driving the plurality of gate bus lines and a data
bus line driving circuit 82 loaded with a driver IC for driving
the plurality of data bus lines are provided on the TFT
substrate 2. The driving circuits 80 and 82 output scan
signals and data signals to predetermined gate bus lines and
data bus lines based on predetermined signals output by a
control circuit 84. A polarizer 86 is provided on a surface of
the TFT substrate 2 opposite to the surface where the
elements are formed, and a backlight unit 88 is attached to
a surface of the polarizer 86 opposite to the TFT substrate 2.
A polarizer 87 in a crossed Nicols relationship with the
polarizer 86 is attached to a surface of the opposite substrate
4 opposite to the surface on which the common electrode is
formed.

[0094] In order to decrease a threshold voltage of the
MVA-LCD, it is effective to make intervals between align-
ment regulating structures smaller. FIG. 3 shows a sche-
matic sectional configuration of the MVA-LCD. As shown in
FIG. 3, the TFT substrate 2 has a pixel electrode 16 formed
at each pixel region on a glass substrate 10. A plurality of
linear protrusions 44 which are alignment regulating struc-
tures for regulating the alignment of the liquid crystal are
formed in parallel with each other on the pixel electrode 16.
On the contrary, the opposite substrate 4 has a common
electrode 42 which is formed substantially on an entire
surface of a glass substrate 11. A plurality of linear protru-
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sions 45 are formed in parallel with each other on the
common electrode 42. The protrusions 44 and 45 are alter-
nately arranged when viewed in a direction perpendicular to
the surfaces of the substrates. In a common MVA-LCD, the
width of the protrusions 44 and 45 is, for example, 10 um,
and intervals a between edges of the protrusions 44 and
respective edges of the protrusions 45 are, for example, 25
pm.

[0095] FIG. 4 is a graph showing T-V characteristics of
the MVA LCD. The line Bl in the graph indicates T-V
characteristics achieved when the intervals a between the
protrusions 44 and 45 are 25 um, and the line B2 indicates
T-V characteristics achieved when the intervals a are 7.5 pm.
As shown in FIG. 4, whereas the threshold voltage is about
2.1 V when the intervals a are 25 um, the threshold voltage
is about 1.7 V when the intervals a are 7.5 um. Thus, the
threshold voltage can be lower, the smaller the intervals a
between the protrusions 44 and 45. That is, both of areas
having different threshold voltages can be provided in one
pixel by forming areas having different intervals a in the
single pixel.

[0096] When a threshold voltage difference between the
areas having different threshold voltages is 0.3 V or more,
the effect of the invention of improving viewing angle
characteristics can be achieved. Preferably, a significant
effect is achieved at a threshold voltage difference of 0.5V
or more, and a very significant improvement is achieved at
a difference of 0.7 V or more.

[0097] FIGS. 5A to 5F show examples of patterns of
disposition of alignment regulating structures in the area in
which the intervals a are small and in which the threshold
voltage is low. In the example shown in FIG. 5A, grid-like
protrusions 44 are formed on the TFT substrate 2, and
grid-like protrusions 45 are formed on the opposite substrate
4 with an offset from the protrusions 44 by half a pitch.

[0098] In the example shown in FIG. 5B, a point-like
protrusion 44 is formed on the TFT substrate 2. Grid-like
protrusions 45 are formed on the opposite substrate 4. The
point-like protrusion 44 is disposed substantially in the
middle of a gap between the grid-like protrusions 45.

[0099] In the example shown in FIG. 5C, a point-like
electrode blank (slit) 46 is formed on the TFT substrate 2
instead of the protrusion 44 shown in FIG. 5B.

[0100] Inthe example shown in FIG. 5D, grid-like slits 46
are formed on the TFT substrate 2. A point-like protrusion 45
is formed on the opposite substrate 4. The point like pro-
trusion 45 is disposed substantially in the middle of a gap
between the grid-like slits 46 (that is, a region where an
electrode is formed).

[0101] In the example shown in FIG. 5E, the opposite
substrate 4 is formed with grid-like protrusions 45 and a
point-like protrusion 45' disposed substantially in the middle
of a gap between the protrusions 45. A frame-like protrusion
44 is formed between the protrusions 45 and 45' on the TFT
substrate 2.

[0102] In the example shown in FIG. 5F, frame-like slits
46 are formed on the TFT substrate 2 instead of the protru-
sion 44 shown in FIG. SE.

[0103] In the configurations shown in FIGS. 5A to 5F,
liquid crystal molecules 8 are radially tilted in four direc-
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tions each of which is at a differential angle of about 90°.
The intervals a of alignment regulating structures are desir-
ably 15 um or less in an area having small intervals a and a
low threshold voltage in a pixel region. Intervals a of 15 um
or less result in a significant effect of improving viewing
angle characteristics because they provide a significant
effect of decreasing the threshold voltage of the liquid
crystal. The invention is not limited to those patterns of
disposition of alignment regulating structures.

[0104] FIG. 6 is a sectional view showing disposition of
protrusions in a pixel. As shown in FIG. 6, linear protrusions
44 and 45 formed in parallel with each other are disposed at
intervals of 25 um.

[0105] FIG. 7 shows disposition of protrusions formed in
a pattern different from that of the protrusions shown in
FIG. 6, the disposition being shown in a direction perpen-
dicular to substrate surfaces. As shown in FIG. 7, grid-like
protrusions 45 having a width 5 pm and a substantially
square protrusion 45' having a width of 8 um are formed on
the opposite substrate 4. A frame-like protrusion 44 having
a width of 5 um is formed on the TFT substrate 2. The
intervals between the protrusions 44 and 45' and the inter-
vals between the protrusions 44 and 45 are both 6 um and are
smaller than the intervals of 25 um between the protrusions
44 and 45 shown in FIG. 6.

[0106] FIG. 8 is a graph showing a comparison between
T-V characteristics achieved with the configuration shown in
FIG. 6 and T-V characteristics achieved with the configu-
ration shown in FIG. 7. The line C1 in the graph indicates
the T-V characteristics achieved with the configuration
shown in FIG. 6, and the line C2 indicates the T-V charac-
teristics achieved with the configuration shown in FIG. 7.
As shown in FIG. 8, in the configuration shown in FIG. 7
in which protrusions are disposed at smaller intervals, the
threshold voltage is lower than that in the configuration
shown in FIG. 6. Therefore, when both of the configurations
shown in FIGS. 6 and 7 are provided in one pixel, areas
having different threshold voltages can be formed in the
single pixel. Since the difference between the threshold
voltages is 0.7 V or more, the viewing angle characteristics
of the MVA-LCD can be significantly improved in the
present mode for carrying out the invention.

Embodiment 1-1

[0107] A liquid crystal display according to Embodiment
1-1 in the present mode for carrying out the invention will
be described with reference to FIGS. 9 and 10. FIG. 9
shows the disposition of alignment regulating structures in
one pixel of the liquid crystal display of the present embodi-
ment. As shown in FIG. 9, a plurality of gate bus lines 12
(two of which are shown in FIG. 9) extending in the
horizontal direction in the figure are formed at intervals of,
for example, 300 um on a TFT substrate 2 of the liquid
crystal display. A plurality of drain bus lines 14 (two of
which are shown in FIG. 9) extending in the vertical
direction in the figure hare formed at intervals of, for
example, 100 um such that they intersect the gate bus lines
12 with an insulation film (not shown) interposed between
them. A TFT 20 is formed in the vicinity of each of
intersections between the gate bus lines 12 and the drain bus
lines 14. Storage capacitor bus lines 18 are formed such that
they extend across rectangular pixel regions defined by the
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gate bus lines 12 and the drain bus lines 14 substantially in
the middle of the regions. A pixel electrode 16 is formed at
each of the pixel regions.

[0108] Linear protrusions 44 extending diagonally relative
to edges of the pixel regions are formed on the TFT substrate
2. The protrusions 44 are formed by applying a resist on the
entire surface of the substrate to form a resist layer and by
patterning the resist layer using a photolithographic process.

[0109] A color filter resin layer and a common electrode
are formed on an opposite substrate 4 which is provided
opposite to the TFT substrate 2. Protrusions 45 are formed
on the opposite substrate 4, the protrusions 45 being dis-
posed in parallel with the protrusions 44 and with an offset
from the same by half a pitch. The protrusions 45 are formed
by applying a resist on the entire surface of the substrate to
form a resist layer and by patterning the resist layer using a
photolithographic process.

[0110] Intervals a2 between the protrusions 44 and 45 in
top left and bottom left areas of the pixel region are smaller
than intervals al between the protrusions 44 and 45 in the
rest of the pixel region. Thus, areas having different thresh-
old voltages are both present in one pixel.

[0111] Although not shown, vertical alignment films are
formed on surfaces of the substrate 2 and 4 opposite to each
other. A nematic liquid crystal having negative dielectric
anisotropy is sealed between the substrates 2 and 4 which are
combined together with spacers interposed between them.
Polarizers are respectively applied to surfaces of the sub-
strates 2 and 4 constituting the exterior of the panel, the
polarizers being disposed such that their absorption axes are
orthogonal to each other.

Embodiment 1-2

[0112] FIG. 10 shows Embodiment 1-2 of a liquid crystal
display in the present mode for carrying out the invention.
As shown in FIGS. 10, a point-like protrusion 45' and a
frame-like protrusion 44 disposed to surround the protrusion
45" are formed in each of top left and bottom left areas of a
pixel region. Intervals a2 between the protrusions 44 and 45'
in those areas are smaller than intervals al between the
protrusions 44 and 45 in the rest of the pixel region. Thus,
areas having different threshold voltages are both present in
one pixel.

Embodiment 1-3

[0113] FIG. 11 shows the disposition of alignment regu-
lating structures in one pixel of a liquid crystal display in the
present mode for carrying out the invention. As shown in
FIG. 11, no linear protrusion as shown in FIG. 9 is formed
on a TFT substrate 2, and slits 46 which are partial blanks
in an electrode film of a pixel electrode 16 are formed
instead. A plurality of slits 46' having a space width smaller
than that of the slits 46 are formed substantially orthogonally
to directions in which the slits 46 extend, the series of
protrusions 46' being arranged in two extending directions of
the slits 46 that converge toward a storage capacitor bus line
18 located in the middle of the pixel. An aligning direction
can be more reliably regulated by providing the slits 46'.

[0114] Linear protrusions 44 are formed on an opposite
substrate 4 which is provided opposite to the TFT substrate
2 and on which a color filter resin layer and a common
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electrode are formed, the linear protrusions 44 being dis-
posed in parallel with the slits 46 with an offset from the
same by half a pitch. The protrusions 44 are formed by
applying a resist on the entire surface of the substrate to form
a resist layer and by patterning the resist layer using a
photolithographic process.

[0115] Intervals a2 between the protrusions 44 and the slits
46 in top left and bottom left areas of the pixel region are
smaller than intervals al between the protrusions 44 and the
slits 46 in the rest of the pixel region. Thus, areas having
different threshold voltages are both present in one pixel.

[0116] As thus described, not only protrusions but also
recesses or slits formed on an electrode may be used as
domain regulating units, and a combination of those features
may alternatively be used. As shown in FIG. 11, patterns in
the form of stripes may have a bent section, and they may
be accompanied by fine slits or fine protrusions for assisting
domain regulation along a part or whole of the same.

[0117] In the present mode for carrying out the invention,
areas having different threshold voltages can be both pro-
vided in one pixel. Since this prevents a displayed image
from appearing whitish in an oblique direction, an MVA type
liquid crystal display having high viewing angle character-
istics can be provided.

(Second Mode for Carrying Out the Invention)

[0118] A liquid crystal display and a method of manufac-
turing the same in a second mode for carrying out the
invention will now be described with reference to FIGS. 12
to 27. In a Japanese patent application (numbered 2002-
52303) by the present applicant, a technique is proposed in
which a photo-setting composition mixed in a liquid crystal
is set with a different pre-tilt angle in part of one pixel, as a
technique for solving the problem that a display image
displayed in half tones appears whitish in an oblique direc-
tion. According to this technique, areas having different T-V
characteristics such as threshold voltages can be formed in
one pixel to improve gradation/viewing angle characteris-
tics.

[0119] However, in order to vary T-V characteristics in one
pixel, the pre-tilt angle of liquid crystal molecules must be
increased at least in part of the pixel. A problem has thus
arisen in that leakage of light is likely to occur to result in
a reduced contrast ratio at the time of full black display. In
order to obtain different pre-tilt angles, it has been necessary
to apply voltages at a plurality of levels to the liquid crystal
layer in setting a photo-setting composition by irradiating it
with light. Further, a high optical irradiation energy is
required to ensure the pre-tilt of liquid crystal molecules. It
is therefore desired to improve production tact at steps for
manufacturing liquid crystal displays.

[0120] Tt is an object of the present mode for carrying out
the invention to provide a liquid crystal display which can
achieve high viewing angle characteristics and which can be
manufactured with simple manufacturing steps and to pro-
vide a method of manufacturing the same.

[0121] A principle behind the present mode for carrying
out the invention will now be described. FIG. 12 is a
sectional view of a region substantially equivalent to one
pixel showing a configuration of a liquid crystal display in
the present mode for carrying out the invention. As shown
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in FIG. 12, a pixel region is divided in areas A and B which
are different from each other in T-V characteristics. FIG. 13
is a graph showing T-V characteristics in each of the areas.
The abscissa axis represents voltages applied to the liquid
crystal, and the ordinate axis represents light transmittances.
The line D1 in the graph indicates T-V characteristics in the
area A, and the line D2 indicates T-V characteristics in the
area B. The line D3 indicates composite T-V characteristics
obtained in the pixel as a whole including the areas A and B.
As already described, high viewing angle characteristics can
be achieved by providing both of the areas A and B having
different T-V characteristics in one pixel.

[0122] FIG. 14 is a sectional view of a region substantially
equivalent to one pixel showing another configuration of a
liquid crystal display in the present mode for carrying out the
invention. The same effect can be achieved when each of the
areas A and B is divided into a plurality of parts as shown
in FIG. 14. Alternatively, a pixel region maybe divided into
three or more regions A, B, C, and so on which are different
from each other in T-V characteristics.

[0123] A method of manufacturing a liquid crystal display
in the present mode for carrying out the invention will now
be described in comparison to the related art. FIGS. 15A to
15F are sectional views taken in processes showing a
method of manufacturing a liquid crystal display according
to the related art. First, transparent electrodes and so on are
formed on a glass substrate (or plastic substrate) to fabricate
a TFT substrate 2 (or opposite substrate 4) as shown in FIG.
15A. Next, as shown in FIG. 15B, a printing process is used
to apply a polyimide resin to the TFT substrate 2 and is
baked at a high temperature to form an alignment film 36.
The baking at a high temperature may not be performed
when a plastic substrate is used, and a resin that is baked at
a low temperature is frequently used as the material to form
the alignment film 36 in such cases. Rubbing is then
performed using a rubbing roller 38 as shown in FIG. 15C
if necessary.

[0124] Next, as shown in FIG. 15D, an opposite substrate
4 on which an alignment film 36 has been formed at similar
steps is combined with the TFT substrate 2 with a seal
material 62 interposed between them. Next, as shown in
FIG. 15E, a liquid crystal 6 is injected through a liquid
crystal injection hole and is sealed to complete a liquid
crystal display as shown in FIG. 15F.

[0125] FIGS. 16A to 16C are sectional views taken in
processes showing a method of manufacturing a liquid
crystal display in the present mode for carrying out the
invention. First, as shown in FIG. 16A, a TFT substrate 2
and an opposite substrate 4 having no alignment film 36
formed thereon are combined together with a sealing mate-
rial (not shown) interposed between them. Next, as shown in
FIG. 16B, a liquid crystal 6 mixed with a photo-setting resin
which is an alignment assisting material is injected between
the substrates 2 and 4. The liquid crystal 6 is then irradiated
with light to set the photo-setting resin in the vicinity of the
substrates 2 and 4, thereby forming alignment controlling
layers 34 as shown in FIG. 16C. No voltage is applied to the
liquid crystal 6 at the step of irradiating the liquid crystal 6
with light.

[0126] FIGS. 17A to 17C are sectional views showing the
flow of the formation of the alignment controlling layers 34.
As shown in FIGS. 17A and 17B, the photo-setting resin
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(monomers) M in the liquid crystal 6 at an interface with the
substrate 2 is polymerized into a polymer P1 when irradiated
with UV light. When irradiation with UV light is further
continued, as shown in FIG. 17C, polymers P2 are formed
which are aligned perpendicularly to the polymer P1 at the
interface with the substrate, and the polymers P1 and P2
function as a vertical alignment controlling layer to align
liquid crystal molecules 8 vertically.

[0127] The method of manufacturing a liquid crystal dis-
play in the present mode for carrying out the invention is
characterized in that the alignment film 36 is not formed on
the substrates 2 and 4 or is formed only in part of a pixel
region unlike the method of manufacturing a liquid crystal
display according to the related art. The alignment of the
liquid crystal 6 is controlled by the alignment controlling
layers 34. When no alignment film 36 is formed, a liquid
crystal display can be fabricated without steps which involve
heating of the substrates at a high temperature including the
step for forming the alignment controlling layers 34. Since
this allows plastic substrates or very thin glass substrates to
be used as the TFT substrate 2 and the opposite substrate 4,
freedom in selecting substrates is increased. In the present
mode for carrying out the invention, no voltage is applied to
the liquid crystal 6 when the alignment controlling layers 34
are formed. Thus, steps for manufacturing the liquid crystal
display are simplified.

[0128] According to the above-described techniques in the
related art, different T-V characteristics are achieved in one
pixel primarily by varying the tilting angle of liquid crystal
molecules relative to the substrates. On the contrary, in the
present mode of carrying out the invention, liquid crystal
molecules are tilted at the same angle in one pixel, and
different T-V characteristics are achieved in one pixel uti-
lizing a difference between anchoring energies applied by
alignment controlling layers 34 to liquid crystal molecules.
A continued study revealed that it is difficult to utilize a
difference between anchoring energies in a liquid crystal
display panel assembled after forming vertical alignment
films because the anchoring energies become too high. In the
present mode for carrying out the invention, however, since
no vertical alignment film is formed (or formed only in part
of a pixel region), a liquid crystal display panel having small
anchoring energies can be fabricated. It is therefore easy to
provide different anchoring energies in a pixel.

[0129] In the present mode for carrying out the invention,
since liquid crystal molecules are not required to have a
great pre-tilt angle, leakage of light can be avoided when
black is displayed. This makes it possible to provide a liquid
crystal display having improved gradation/viewing angle
characteristics and a high contrast ratio.

[0130] FIGS. 18A and 18B show a method of forming
alignment controlling layers 34 having different anchoring
energies in one pixel. First, as shown in FIG. 18A, an area
A of one pixel of a liquid crystal panel formed by injecting
a liquid crystal 6 mixed with a photo-setting resin between
substrates 2 and 4 is irradiated with, for example, a prede-
termined dose of UV light using an exposure mask 54. Next,
as shown in FIG. 18B, an area B of the same pixel is
irradiated with UV light in a dose different from that
mentioned above using an exposure mask 55 formed with a
shielding pattern that is complementary to the exposure
mask 54. By irradiating the area A and the area B in the
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single pixel with UV light in different doses, alignment
controlling layers 34 having different anchoring energies are
formed in the areas A and B. Therefore, different T-V
characteristics (threshold voltages) can be achieved in the
areas A and B in the single pixel.

[0131] FIG. 19 shows another example of a method of
forming alignment controlling layers 34 having different
anchoring energies in one pixel. As shown in FIG. 19, an
exposure mask 56 whose transmittance varies depending on
areas is used to irradiate areas A and B in one pixel with UV
light having different irradiation intensities. According to
this method, since alignment controlling layers 34 having
different anchoring energies are obtained through full plate
exposure, manufacturing steps are further simplified.

[0132] FIG. 20 shows still another example of a method
of forming alignment controlling layers 34 having different
anchoring energies in one pixel. As shown in FIG. 20, an
optical band-pass filter 58 is used to vary the wavelength of
UV light that enters a liquid crystal 6. It is also advantageous
to use a plurality of band-pass filters 58 at the time of
irradiation with UV light. For example, a predetermined
band-pass filter 58 is used for irradiation with UV light up
to a certain phase of irradiation; another band-pass filter 58
is used for irradiation with UV light up to a certain subse-
quent phase of irradiation; and irradiation with UV light is
thereafter performed using no band-pass filter S8.

[0133] FIG. 21 is a graph showing dependence of a T-V
curve on the dose of irradiation with light (total energy). The
line E1 represents a T-V curve resulting from a UV irradia-
tion dose of 0.2 J (a small UV irradiation dose). The line E2
represents a T-V curve resulting from a UV irradiation dose
of 0.6 J (a medium UV irradiation dose). The line E3
represents a T-V curve resulting from a UV irradiation dose
of 3 ] (a large UV irradiation dose). As shown in FIG. 21,
liquid crystal molecules stand up earlier when the dose of
UV irradiation is small because the anchoring energies of the
alignment controlling layers 34 are small. The anchoring
energies of the alignment controlling layers 34 increase with
the dose of UV irradiation, and the T-V curve is shifted
toward a high voltage side.

[0134] In this example, no optical initiator (polymeriza-
tion initiator) is used in the photo-setting resin in the mixed
liquid crystal. Since no optical initiator is used, an anchoring
energy difference can be more easily made available. FIG.
22 is a graph showing dependence of T-V characteristics on
the dose of irradiation with light in a case wherein an optical
initiator is used. The line F1 represents a T-V curve resulting
from a UV irradiation dose of 0.2 J (a small UV irradiation
dose). The line F2 represents a T-V curve resulting from a
UV irradiation dose of 0.6 J (a medium UV irradiation dose).
The line F3 represents a T-V curve resulting from a UV
irradiation dose of 3 J (a large UV irradiation dose). The
optical initiator is added such that it is about 2 to 10%, by
weight, of the total amount of a monofunctional monomer
and a bifunctional monomer. A comparison between FIGS.
22 and 21 indicates that differences between the T-V curves
depending on the different doses of UV irradiation are small
when an optical initiator is used. It is therefore preferable to
use no optical initiator in order to make an anchoring energy
difference available.

[0135] FIGS. 23 to 26 show sectional configurations of a
liquid crystal display fabricated according to the method of



US 2006/0125970 A1l

manufacturing a liquid crystal display in the present mode
for carrying out the invention. As shown in FIG. 23,
alignment controlling layers 34 having a predetermined
anchoring energy are formed in an area A of a pixel region.
In an area B, alignment controlling layers 34' having an
anchoring energy different from that in the area A are
formed.

[0136] The alignment controlling layers 34 and 34' may
alternatively be formed after forming underlying layers 40
on substrates 2 and 4 as shown in FIG. 24. For example, the
underlying layers 40 are partially pre-processed such that
they have different degrees of surface activity to make the
alignment controlling layers 34 and 34' definitely different
from each other, thereby providing a great difference
between their anchoring energies.

[0137] As shown in FIG. 25, vertical alignment films 36
may be formed as the underlying layers. For example, the
vertical alignment films 36 are patterned such that the
alignment controlling layers 34 are selectively formed in the
area A in which the vertical alignment films 36 are removed
and such that vertical alignment films 36 are used as they are
in the region B without forming the alignment controlling
layers 34.

[0138] It is also advantageous to use the present mode for
carrying out the invention for substrates having an irregular
section 48 on a surface thereof, as shown in FIG. 26.
Specifically, since irregular sections 48 formed on substrates
2 and 4 are leveled by, for example, a CF resin layer or linear
protrusions, there is no need for providing a leveling layer.
This simplifies manufacturing steps and reduces manufac-
turing costs. In the case of a reflective liquid crystal display,
alignment controlling layers 34 may be directly formed on
a surface of a reflective electrode having a tilt angle.
Although it is sometimes difficult to form an alignment film
36 on a substrate having an irregular section 48 on a surface
thereof or a substrate used in a reflective liquid crystal
display using a printing process, an alignment controlling
layer 34 can be uniformly formed in the present mode for
carrying the invention.

[0139] FIG. 27 is a graph showing T-V characteristics in
an area having alignment controlling layers 34 formed
therein of a liquid crystal display panel having a configu-
ration as shown in FIG. 6 and showing T-V characteristics
in an area having vertical alignment films 36 formed therein
of the same panel. The line G1 indicates the T-V character-
istics in the area having the alignment controlling layers 34
formed therein, and the line G2 indicates the T-V charac-
teristics in the area having the vertical alignment films 36
formed therein. As shown in FIG. 27, an anchoring energy
and a threshold voltage in the area having the alignment
controlling layers 34 formed therein are smaller than those
in the area having the vertical alignment films 36 formed
therein. It is easier to provide different anchoring energies in
a pixel, in a liquid crystal display panel formed with
alignment controlling layers 34 and no vertical alignment
film 36 or a liquid crystal display panel having alignment
controlling layers 34 formed in areas in which vertical
alignment films 36 have been removed through patterning,
than in a liquid crystal display panel having vertical align-
ment films 36 formed on entire surfaces thereof.

[0140] The description will now be continued with refer-
ence to specific embodiments.
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Embodiment 2-1

[0141] Each of a pair of glass substrates having a trans-
parent electrode constituted by an ITO patterned thereon
was cleaned. Bead spacers having a diameter of 4.0 pm
(manufactured by Fine Chemicals Division, Sekisui Chemi-
cal Co., Ltd.) were dispersed on either of the substrates, and
a thermosetting seal (manufactured by Mitsui Chemicals,
Inc) was applied to the other substrate with a dispenser. The
substrates were then combined to fabricate an open cell. A
liquid crystal (manufactured by Merck and having Ae=-4.8)
and a resin were mixed in a weight ratio of 98:2. The resin
was a mixture of a monofunctional monomer (dodecyl
acrylate manufactured by Wako Pure Chemical Industries,
Ltd.) and a bifunctional monomer (manufactured by Merck)
in a weight ratio of 15:1. The mixed liquid crystal thus
prepared was charged in the open cell using vacuum injec-
tion, and the injection hole was thereafter sealed with a
visible-light-setting resin to fabricate a liquid crystal cell.
The liquid crystal cell was irradiated with UV light having
an intensity of 1 mW/cm? At this time, an area A was
formed by irradiating it with UV light having a dose 0.2 J
using an exposure mask 54 for shielding an area B from
light, and the area B was formed by irradiating it with UV
light having a dose of 3 J using an exposure mask 55 for
shielding the area A from light. Thus, a liquid crystal panel
was fabricated which had different T-V characteristics in a
pixel depending on locations. Each of the areas A and B was
formed like stripes having a width of 20 pm. Measurement
of T-V characteristics using a A/4 plate revealed that there
was a significant improvement of gradation/viewing angle
characteristics.

Embodiment 2-2

[0142] Open cells and a mixed liquid crystal similar to
those in Embodiment 2-1 were used to fabricate three types
of liquid crystal panels. The liquid crystal panels were
irradiated with UV light in three different doses (0.2 J, 0.6
J and 3 J) without using the exposure masks 54 and 55. As
a result of measurement of T-V characteristics performed in
the same way as in Embodiment 2-1, it was observed that the
liquid crystal panels had different T-V characteristics as
shown in the graph of FIG. 21.

Embodiment 2-3

[0143] Liquid crystal panels were fabricated under the
same conditions as those in Embodiment 2-2 except that a
polymerization initiator was mixed in the mixed liquid
crystal. The polymerization initiator used was Irgacure 651
(manufactured by Ciba Specialty Chemicals Holding Inc.).
A small amount of the polymerization initiator was added to
reach 2.5% by weight of the amount of the monofunctional
monomer and the bifunctional monomer that were mixed.
Three types of liquid crystal panels were fabricated by using
three different doses of irradiation (0.2 J, 0.6 J and 3 J) just
as done in Embodiment 2-2. Measurement of T-V charac-
teristics of the liquid crystal panels revealed that it was
difficult to provide the liquid crystal panels with different
T-V characteristics as in the graph shown in FIG. 22 and that
it was preferable to add no polymerization initiator.

(Third Mode for Carrying Out the Invention)

[0144] A liquid crystal display and a method of manufac-
turing the same in a third mode for carrying out the invention
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will now be described with reference to FIGS. 28 to 36.
MVA mode and In-Plane Switching (IPS) mode displays are
well known as liquid crystal displays which have high
display quality and, in particular, high viewing angle char-
acteristics.

[0145] FIG. 28 shows a schematic sectional configuration
of an MVA-LCD. As shown in FIG. 28, the MVA-LCD has
a TFT substrate 2, an opposite substrate 4, and a liquid
crystal 6 sealed between the substrates 2 and 4. The liquid
crystal 6 has negative dielectric constant anisotropy. For
example, a linear protrusion 44 as an alignment regulating
structure is formed on the TFT substrate 2. Although not
shown, vertical alignment films are formed on surfaces of
the substrates 2 and 4 opposite to each other. When no
voltage is applied to the liquid crystal 6, liquid crystal
molecules 8 in the vicinity of the protrusion 44 are tilted
toward directions normal to inclined surfaces of the protru-
sion 44 from a direction perpendicular to the substrate
surfaces. By applying a predetermined voltage to the liquid
crystal 6, the liquid crystal molecules 8 are tilted in different
directions, the protrusion 44 serving as a boundary between
the tilts. The MVA LCD has high viewing angle character-
istics because the tilting direction of the liquid crystal
molecules 8 is divided into, for example, four directions in
one pixel.

[0146] FIG. 29 shows a schematic sectional configuration
of an IPS mode liquid crystal display. As shown in FIG. 29,
in the IPS mode liquid crystal display, a predetermined
voltage is applied between pixel electrodes 16 formed like
comb-teeth on a TFT substrate 2 to switch liquid crystal
molecules 8 by the action of a horizontal electric field in
parallel with the substrate. The IPS mode liquid crystal
display has high viewing angle characteristics because the
liquid crystal molecules 8 are always substantially in parallel
with the substrates.

[0147] However, those liquid crystal displays still have
problems. For example, the viewing angle characteristics of
an MVA-LCD become insufficient at the time of a gradation
change. In the case of an IPS mode liquid crystal display,
sufficiently high contrast cannot be achieved in a direction
square to the same. An MVA-CLD has problems with
gradation/viewing angle characteristics including the prob-
lem that an image displayed in halftones appears whitish in
an oblique direction or appears with different tints when
viewed in oblique and square directions. On the contrary, in
the IPS mode, contrast in a square direction is limited to
about 200 to 300 because of the horizontal alignment.
Contrast in an oblique direction at an angle of 45° is not
sufficient compared to that of an MVA-LCD. Improvement
of transmittance is also desired. There is another problem
that undesirable coloring occurs when black display is
viewed in an oblique direction. As thus described, even
liquid crystal displays in the above-described excellent
operation modes have merits and demerits, and further
improvements are desired for them.

[0148] The present mode for carrying out the invention is
aimed at improving gradation/viewing angle characteristics
which are a problem of vertical alignment type liquid crystal
displays in particular. Besides the above-described display
methods, the halftone-grayscale method is known as a
technique for improving viewing angle characteristics.
According to the halftone-grayscale method, viewing angle
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characteristics are improved by varying a threshold voltage
for a liquid crystal in one pixel to provide a mixture of
different T-V characteristics. One approach to this is a
technique in which different voltages are applied to a liquid
crystal utilizing capacitive coupling. However, a problem
has arisen in that steps for manufacturing a liquid crystal
display become complicated and in that the structure of a
liquid crystal display becomes complicated. In the present
mode for carrying out the invention, a threshold voltage is
easily controlled in a pixel of a vertical alignment type liquid
crystal display to achieve a significant improvement of
gradation/viewing angle characteristics consequently.

[0149] First, a principle behind the present mode for
carrying out the invention will be described. FIG. 30 is a
sectional view of a region substantially equivalent to one
pixel showing a configuration of a liquid crystal display in
the present mode for carrying out the invention. As shown
in FIG. 30, a certain area of the pixel has a cell thickness
smaller than that in the rest of the pixel. It is known that the
response time of a liquid crystal is inversely proportionate to
the square of the cell thickness in general. Specifically, the
time of a response to the application of voltage is relatively
short in the region having the smaller cell thickness, and the
time of a response to the application of the voltage is
relatively long in the other region having the greater cell
thickness. In the present mode for carrying out the invention,
this phenomenon is used to provide a different pre-tilt angle
in part of a pixel. The liquid crystal 6 used is added with a
reactive monomer.

[0150] A voltage that is a repetition of an off-voltage (for
displaying black in a vertical alignment type normally black
mode) and an on-voltage (for displaying white in the vertical
alignment type normally black mode) is applied between a
pixel electrode 16 (not shown) on a TFT substrate 2 and a
common electrode 42 on an opposite substrate 4, the voltage
being applied at a frequency appropriately selected based on
the speed of response of the liquid crystal. The off-voltage
is a voltage which causes no change in the alignment of
liquid crystal molecules 8. The on-voltage is a voltage that
is sufficient to provide the molecules with a pre-tilt angle.
The frequency is basically set such that the liquid crystal will
respond in the area of quick response and will not respond
in the area of slow response at that frequency. It should be
noted that the “on-voltage” and “off-voltage” are not nec-
essarily voltages at which the liquid crystal display panel is
actually driven. The voltages are chosen such that a pre-tilt
angle is provided (or a threshold voltage changes) as a result
of polymerization and solidification of a monomer, and
values higher than an actual driving voltage are used in
general. An acrylate type or methacrylate type monomer
which is polymerized when irradiated with UV light is used
as the monomer. The monomer is polymerized and solidified
when it is irradiated with UV light with a voltage applied
thereto.

[0151] FIG. 31 is a sectional view of a region substantially
equivalent to one pixel showing a pre-tilt angle of liquid
crystal molecules of the liquid crystal display in the present
mode for carrying out the invention. As shown in FIG. 31,
the pre-tilt angle of liquid crystal molecules 8' changes (from
90° to about 85°) in an area of quick response in part of the
pixel, and the pre-tilt angle of liquid crystal molecules 8 in
another area of slow response undergoes substantially no
change (or stays at about 90°).
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[0152] FIG. 32 is a graph showing T-V characteristics of
the liquid crystal display in the present mode for carrying out
the invention. The line Hi indicates T-V characteristics of the
area in which the pre-tilt angle has not changed, and the line
H2 indicates T-V characteristics of the area in which the
pre-tilt angle has changed. The line H3 indicates composite
T-V characteristics obtained throughout the pixel. As shown
in FIG. 32, the threshold voltage is decreased resulting in a
change in T-V characteristics in the area where the pre-tilt
angle has changed. Gradation/viewing angle characteristics
of the pixel as a whole are improved because the T-V
characteristics of those areas are combined.

[0153] In the present mode for carrying out the invention,
areas having different speeds of response are formed in a
pixel, and a driving voltage and frequency for polymerizing
and solidifying a reactive monomer are chosen based on the
response speeds of the liquid crystal, which makes it pos-
sible to provide a different pre-tilt angle in part of the pixel.
The threshold voltage of the liquid crystal can be varied in
the pixel by providing a different pre-tilt angle in a part
thereof, which consequently makes it possible to improve
gradation/viewing angle characteristics. In the present mode
for carrying out the invention, it is possible to significantly
improve gradation/viewing angle characteristics which have
been an important problem of vertical alignment type liquid
crystal displays using a simple method.

[0154] The description will now be continued with refer-
ence to specific embodiments.

Embodiment 3-1

[0155] A description will now be made on a liquid crystal
display and a method of manufacturing the same according
to Embodiment 3-1 in the present mode for carrying the
invention. FIG. 33 is a sectional view of a region substan-
tially equivalent to one pixel showing a configuration of the
liquid crystal display of the present embodiment. As shown
in FIG. 33, one pixel is divided into an area A having a cell
thickness d1 and an area B having a cell thickness d2 (<d1),
and a pre-tilt angle is efficiently achieved in the area B in
which a liquid crystal 6 responds quickly. The liquid crystal
6 has negative dielectric constant anisotropy (Ae=-3.5).
Polyamic acid type vertical alignment films are used. A
bifunctional acrylate or methacrylate having a liquid crystal
skeleton was used as a reactive monomer to be mixed. The
amount of the reactive monomer mixed in the liquid crystal
was 0.4% by weight. The cell thickness d1 was about 4 pum,
and the cell thickness d2 was 2 um. A step was formed on
a surface of a substrate by patterning a resin protective film
60 having a thickness of 2 pm.

[0156] FIG. 34 is a graph showing how a voltage applied
to the liquid crystal 6 of the present embodiment changes
with time. A low voltage V1 was 0V, and a high voltage V2
was 4 V. Times t1 and t2 were both 8 ms. The liquid crystal
was irradiated with UV light of 10 J/cm® (equivalent to a UV
35 filter) while applying the voltage under such conditions.
When the monomer in the liquid crystal is polymerized and
solidified under such conditions, a polymer chain is formed
in the area B at the interface between the area and the
alignment film because the liquid crystal responds quickly in
the area, the polymer chain following liquid crystal mol-
ecules which have been tilted. Thus, the liquid crystal
molecules can be provided with a pre-tilt angle of 90° or
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less. On the contrary, in the area A, the liquid crystal
responds more slowly because of the greater cell thickness,
and substantially no tilt of liquid crystal molecules occurs in
the area under the above-described conditions. Therefore,
even if the monomer is solidified in this state, it will not
impart a pre-tilt angle of 90° or less to liquid crystal
molecules in that area because a polymer chain is formed
such that it follows the liquid crystal molecules which are
kept aligned vertically.

[0157] Ttis therefore possible to vary the threshold voltage
for the liquid crystal between the areas A and B by varying
the pre-tilt angle in the single pixel as thus described. That
is, the threshold voltage in the area B is lower than that in
the area A. Measurement of the threshold voltages in the two
areas A and B revealed that there was a difference of about
0.5 V. The threshold voltages could be thus controlled using
a relatively simple method as described above to improve
gradation/viewing angle characteristics consequently.

[0158] The effect of improving viewing angle character-
istics was observed when the area ratio between the areas B
and A was about 1:10. A preferable area ratio depends on the
difference between the threshold voltages. An experiment
(observation of display) and a simulation have revealed that
an area ratio in the range from 1:10 to 1:1 is preferable when
the threshold voltage difference is in the range from 0.3 V to
1V

Embodiment 3-2

[0159] A method of manufacturing a liquid crystal display
according to Embodiment 3-2 in the present mode for
carrying out the invention will now be described. The
present embodiment is an example of the application of the
present mode for carrying out the invention to a liquid
crystal display having areas with a different initial pre-tilt
angle in some parts thereof. An initial pre-tilt angle is a
pre-tilt angle which is present before a polymer is solidified.
FIG. 35 shows a sectional configuration of a liquid crystal
display which has areas with a different initial pre-tilt angle
in some parts thereof. In FIG. 35, alignment films are
omitted from illustration. As shown in FIG. 35, linear
protrusions (banks having low dielectric properties) 44 and
45 are formed on substrates 2 and 4, respectively. Thus,
liquid crystal molecules in the vicinity of the protrusions 44
and 45 are provided with a predetermined initial pre-tilt
angle. A voltage which changes with time as shown in FIG.
34 during polymerization of a monomer is applied to a liquid
crystal 6 in the liquid crystal display having such a configu-
ration, and this makes it possible to achieve a partial pre-tilt
angle more efficiently. Specifically, the liquid crystal 6
which includes a polymeric monomer is irradiated with UV
light while driving it in a way similar to the cyclic reset
driving method, which makes it possible to efficiently pro-
vide a pre-tilt angle only in areas B where the liquid crystal
6 responds quickly. Polymerizing and driving conditions are
substantially the same as those in Embodiment 3-1.

[0160] Inthe case of static driving that is commonly used,
it is not possible to introduce great differences between
pre-tilt angles of liquid crystal molecules at substrate inter-
faces in respective areas when there is not so great variation
in the initial alignment of the liquid crystal molecules.
Therefore, a sufficient threshold voltage difference cannot be
provided even if a polymeric monomer is used. However,
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when driving similar to the cyclic reset driving method is
used as in the present embodiment, a slight difference in
initial alignment of liquid crystal molecules can be enlarged.
By solidifying the polymeric monomer and fixing it at
substrate interfaces in this state, an area having a greater
threshold voltage difference (an area in which the pre-tilt
angle becomes greater) can be consequently formed in one
pixel. Therefore, the gradation/viewing angle characteristics
of the liquid crystal display can be improved. Although an
oblique electric field must be taken into consideration when
the alignment of liquid crystal molecules in the vicinity of
the protrusions 44 and 45 is discussed, the description has
been focused on the initial pre-tilt angle only in order to
avoid complicatedness.

[0161] The impartment of a pre-tilt by typical oblique
electric fields will now be described. FIG. 36 shows a
sectional configuration of a liquid crystal display having slits
formed therein. In FIG. 36, alignment films are omitted
from illustration. As shown in FIG. 36, an electrode blank
section (slit) 46 is formed on each of substrates 2 and 4.
When the applied voltage is sufficiently low, the initial
pre-tilt angle is substantially 90° in the entire area. When a
voltage is applied to a liquid crystal 6, oblique electric fields
are generated in the vicinity of the slits 44, the electric fields
being different in direction from those in other areas. Liquid
crystal molecules in the vicinity of the slits 44 are first tilted
by the oblique electric fields. When the voltage is applied to
the liquid crystal 6 using driving similar to the cyclic reset
driving method as described above, the liquid crystal mol-
ecules in the vicinity of the slits 44 are tilted more greatly
than those in the other areas. Such alignment of liquid
crystal molecules can be fixed by solidifying a polymeric
monomer in this state. Polymerizing conditions and driving
conditions are basically the same as those in Embodiment
1-1. According to the present embodiment, a liquid crystal
display can be consequently fabricated with a structure
which has a pre-tilt angle difference in a part thereof, and a
definite threshold voltage difference is produced between an
area B and another area A in the vicinity of the slits 46.

[0162] As described above, in the present mode for car-
rying out the invention, a definite threshold voltage differ-
ence can be produced in one pixel by making use of a
difference between response speeds of a liquid crystal, a
polymeric monomer, and driving similar to the cyclic reset
driving method. It is therefore possible to provide a vertical
alignment type liquid crystal display having high gradation/
viewing angle characteristics.

(Fourth Mode for Carrying Out the Invention)

[0163] The present mode for carrying out the invention
relates to a liquid crystal display used as a display section of
a television receiver or an electronic apparatus and a method
of manufacturing the same, more particularly, to a liquid
crystal display in which a monomer or oligomer added in a
liquid crystal is polymerized and a method of manufacturing
the same.

[0164] A liquid crystal display has two substrates and a
liquid crystal sealed between the substrates. In a liquid
crystal display, optical switching is caused by electrical
stimuli utilizing electro-optical anisotropy of a liquid crys-
tal. A predetermined voltage is applied to a liquid crystal
layer to control the tilting angle of liquid crystal molecules,
thereby changing the direction of the axis of anisotropy of
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the refractivity of the liquid crystal molecules. Resultant
optical rotation and birefringence are utilized to change light
transmittance, and the luminance of each pixel of a liquid
crystal display panel is thereby controlled. The vertical
aligned (VA) mode is one of techniques for such a liquid
crystal display panel. The VA mode has been put in practical
use as an operation mode in which a wide viewing angle can
be achieved, as typically experienced in an MVA (Multi-
domain Vertical Alignment) type liquid crystal display
(hereinafter referred to as “MVA-LCD”).

[0165] In a VA mode liquid crystal display, however, a
problem arises in that a displayed image in halftones appears
whitish when viewed in a direction oblique to the display
screen. As a method for solving this, a Japanese patent
application (numbered 2002-52303) made by the present
applicant has proposed a technique in which a plurality of
areas having different pre-tilt angles of liquid crystal mol-
ecules are formed in one pixel to form areas having different
rising voltages of T-V characteristics in the single pixel.

[0166] In a Japanese patent application (numbered 2001-
98455) made by the present applicant, a technique as
described below is proposed as a technique for providing a
pre-tilt angle. A pre-tilt of liquid crystal molecules can be
achieved by adding a monomer or oligomer which is opti-
cally or thermally reacted for polymerization in the liquid
crystal in advance and by polymerizing the monomer or
oligomer after the liquid crystal is injected. The pre-tilt angle
can be varied by varying a voltage that is applied to the
liquid crystal at the time of polymerization. The pre-tilt
angle becomes smaller, the higher the applied voltage. A
pre-tilt angle is an angle at which liquid crystal molecules
are tilted with respect to a substrate surface when no voltage
is applied to the liquid crystal layer. That is, “a reduction in
a pre-tilt angle” means an increase in an angle of inclination
from perfect vertical alignment or approaching to horizontal
alignment.

[0167] It is an object of the present mode for carrying out
the invention to provide a liquid crystal display which can
achieve high display characteristics and a method of manu-
facturing the same.

[0168] The above object is achieved by a liquid crystal
display characterized in that it has a pair of substrates
provided opposite to each other, a storage capacitor bus line
formed on either of the pair of substrates, a plurality of
divisional areas which are a plurality of divisions of each of
pixel regions arranged on either of the pair of substrates, a
pixel electrode formed at each of the divisional areas, a thin
film transistor formed at each of the divisional areas and
connected to the pixel electrode, a common electrode
formed on the other of the pair of substrates, a liquid crystal
sealed between the pair of substrates, and a polymer
obtained by polymerizing a polymeric component mixed in
the liquid crystal while applying an AC voltage between the
common electrode and the storage capacitor bus line.

[0169] A liquid crystal display in the fourth mode for
carrying out the invention will be described with reference
to FIGS. 39 to 49. First, a description will be made on a
technique that constitutes a base of the present mode for
carrying out the invention. In Japanese patent applications
(numbered 2001-306906 and 2002-136128) made by the
present applicant, a technique is disclosed in which an AC
voltage is applied between a common electrode and a
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storage capacitor bus line as a method for applying a voltage
to a liquid crystal layer when polymerizing a monomer or
oligomer.

[0170] FIG. 39 schematically shows a configuration of a
liquid crystal display in which the above-described tech-
nique is used. As shown in FIG. 39, a plurality of gate bus
lines 112 extending in the horizontal direction in the figure
are formed in parallel with each other on a TFT substrate.
One end of each gate bus line 112 is connected to a gate bus
line driving circuit 180 for driving the gate bus lines 112. A
plurality of drain bus lines 114 extending in the vertical
direction in the figure are formed in parallel with each other
such that they intersect the gate bus lines 112 with an
insulation film interposed between them. One end of each
drain bus line 114 is connected to a drain bus line driving
circuit 182 for driving the drain bus lines 114. A TFT 120 is
formed in the vicinity of each of intersections between the
gate bus lines 112 and the drain bus lines 114. A gate
electrode of the TFT 120 is connected to the gate bus line
112, and a drain electrode of the same is connected to the
drain bus line 114. A source electrode of the TFT is con-
nected to a pixel electrode 116, a pixel electrode 116 being
formed at each pixel.

[0171] A plurality of storage capacitor bus lines 118 are
formed in parallel with the gate bus lines 112. A storage
capacitor bus line 118 constitutes one electrode of a storage
capacitor at each pixel. One end of each storage capacitor
bus line 118 is electrically connected to a single common
storage capacitor wiring 117. A common storage capacitor
terminal 170 is provided at one end of the common storage
capacitor wiring 117. A predetermined voltage Vcs can be
applied to the common storage capacitor wiring 117 and the
storage capacitor bus lines 118 through the common storage
capacitor terminal 170.

[0172] A common electrode 142 is formed substantially on
an entire surface of the opposite electrode. The common
electrode 142 constitutes one electrode of a liquid crystal
capacitance at each pixel. A common electrode terminal 172
is connected to the common electrode 142. A predetermined
voltage Vc can be applied to the common electrode 142
through the common electrode terminal 172. The common
storage capacitor wiring 117 and the common electrode 142
may be electrically connected after a step for polymerizing
a monomer or oligomer to form a polymer.

[0173] FIG. 40 shows a schematic sectional configuration
of a liquid crystal display panel. As shown in FIG. 40, a
liquid crystal 106 is sealed between a TFT substrate 102 and
an opposite substrate 104 which are combined in a face-to-
face relationship. TFTs 120, pixel electrodes 116 and a
vertical alignment film 134 are formed on a glass substrate
110 constituting the TFT substrate 102. Color filter (CF)
resin layers 133, a common electrode 142 and an alignment
film 135 are formed on a glass substrate 111 constituting the
opposite substrate 104. A cell gap is maintained between the
substrates 102 and 104 by spherical spacers 140 dispersed
on the TFT substrate 102 or opposite substrate 104.

[0174] When light (UV light) is radiated in the direction of
the thick arrow in FIG. 40 with a voltage applied to the
liquid crystal 106, a monomer or oligomer added in the
liquid crystal 106 is polymerized to form a polymer. Thus,
a predetermined pre-tilt angle is obtained as an initial state
of alignment of liquid crystal molecules. The pre-tilt angle
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is smaller, the higher the voltage applied to the liquid crystal
106 when the polymer is formed.

[0175] When an AC voltage is applied between the com-
mon electrode 142 and storage capacitor bus lines 118, a
circuit is formed at each pixel, the circuit comprising a liquid
crystal capacitance Clc and a storage capacitor Cs which are
coupled in series and across which the AC voltage is applied.
The voltage applied to the liquid crystal 106 when a prede-
termined AC voltage is applied is expressed by the following
equation where Zlc represents the impedance of the liquid
crystal capacitance Clc, and Zc represents the impedance of
the storage capacitor Cs.

[0176] Voltage Applied to Liquid Crystal

=Zlc/(Zlc+Ze)x AC voltage (Equation 1)

[0177] Next, the liquid crystal display in the present mode
for carrying out the invention will be described with refer-
ence to FIG. 41. In order to ensure that areas having
different pre-tilt angles of liquid crystal molecules will be
formed in one pixel, a different voltage must be applied to
each of the areas when the monomer or oligomer mixed in
the liquid crystal 106 is polymerized. In the present mode for
carrying out the invention, a plurality of pixel electrodes
electrically insulated from each other or a plurality of pixel
electrodes connected to each other through high resistance
are formed in one pixel. For example, a plurality of pixel
electrodes and a plurality of TFTs connected to the plurality
of pixel electrodes, respectively, are formed in one pixel.
Areas in which the pixel electrodes are formed are divisional
areas which are a plurality of divisions of the pixel region.

[0178] When the liquid crystal 106 is irradiated with UV
light, an AC voltage is applied between the common elec-
trode 142 and the storage capacitor bus lines 118. At this
time, the voltage applied to the liquid crystal 106 in each of
the divisional areas is determined by the liquid crystal
capacitance Clc and the storage capacitor Cs as indicated by
Equation 1. As a result, a plurality of different voltages can
be applied to the liquid crystal 106 in one pixel.

[0179] FIG. 41 shows an equivalent circuit of one pixel of
the liquid crystal display, three divisional areas being formed
in the single pixel. As shown in FIG. 41, the single pixel is
divided into three divisional areas o, § and y. The divisional
area o has a liquid crystal capacitance Clcl and a storage
capacitor Cs1 which are connected in series. The divisional
area f has a liquid crystal capacitance Clc2 and a storage
capacitor Cs2 which are connected in series. The divisional
area v has a liquid crystal capacitance Clc3 and a storage
capacitor Cs3 which are connected in series.

[0180] The common electrode 142 constitutes one elec-
trode of each of the liquid crystal capacitances Clc1 to Clc3.
A first pixel electrode formed at the divisional area o
constitutes another electrode of the liquid crystal capaci-
tance Clcl and constitutes one electrode of the storage
capacitor Csl. A second pixel electrode formed at the
divisional area (§ constitutes another electrode of the liquid
crystal capacitance Clc2 and constitutes one electrode of the
storage capacitor Cs2. A third pixel electrode formed at the
divisional area y constitutes another electrode of the liquid
crystal capacitance Clc3 and constitutes one electrode of the
storage capacitor Cs3. The storage capacitor bus line 118
constitutes another electrode of each of the storage capaci-
tors Csl1 to Cs3. The pairs of the liquid crystal capacitance
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Clc1 and the storage capacitor Cs1, the liquid crystal capaci-
tance Clc2 and the storage capacitor Cs2, and the liquid
crystal capacitance Clc3 and the storage capacitor Cs3 are
parallel-connected to each other.

[0181] When the monomer or oligomer mixed in the liquid
crystal 106 is polymerized to form a polymer, the liquid
crystal 106 is irradiated with, for example, UV light while
applying an AC voltage between the common electrode 142
and the storage capacitor bus lines 118 by an AC power
source 174.

[0182] Although not shown, a source electrode of a first
TFT is connected to a connection point A; a source electrode
of a second TFT is connected to a connection point B; and
a source electrode of a third TFT is connected to a connec-
tion point C. Gate electrodes of the first through third TFTs
are connected to the same gate bus line, and drain electrodes
of the TFTs are connected to the same drain bus line. The
first through third TFTs are all in an off-state in which high
resistance is maintained during the polymer forming step.

[0183] When the high resistance state of the TFT is
insufficient, a leakage current can be prevented by, for
example, applying a low voltage to the gate bus line or using
a plurality of TFTs in a case wherein p-Si is used. Further,
a leakage current can be prevented by increasing the fre-
quency of the AC voltage applied during polymerization.

[0184] Liquid crystal displays and methods of manufac-
turing the same in the present mode for carrying out the
invention will now be described with reference to specific
embodiments.

Embodiment 4-1

[0185] First, a liquid crystal display according to Embodi-
ment 4-1 in the present mode for carrying out the invention
will be described with reference to FIGS. 42 to 46. FIG. 42
shows a configuration of the liquid crystal display of the
present embodiment. FIG. 43 shows an equivalent circuit of
one pixel of the liquid crystal display of the present embodi-
ment. As shown in FIGS. 42 and 43, two pixel electrodes
116a and 1165 are formed at one pixel such that they are
separated from each other with a gate bus line 112 interposed
between them. The area where the pixel electrode 116a is
formed constitutes a divisional area o, and the area where
the pixel electrode 1165 is formed constitutes a divisional
area f3. The pixel electrode 116a is electrically connected to
a source electrode of a TFT 1204, and the pixel electrode
1165 is electrically connected to a source electrode of a TFT
12056. Gate electrodes of the TFTs 120a and 12056 are
electrically connected to the same gate bus line 112, and
drain electrodes of the TFTs are electrically connected to the
same drain bus line 114.

[0186] A common electrode 142 (not shown in FIG. 42)
constitutes one electrode of each of liquid crystal capaci-
tances Clcl and Clc2. The pixel electrode 116a constitutes
another electrode of the liquid crystal capacitance Clcl and
constitutes one electrode of a storage capacitor Cs1. The
pixel electrode 1165 constitutes another electrode of the
liquid crystal capacitance Clc2 and constitutes one electrode
of a storage capacitor Cs2. A storage capacitor bus line 118
constitutes another electrode of each of the storage capaci-
tors Cs1 and Cs2. The pair of the liquid crystal capacitance
Clc1 and the storage capacitor Cs1 and the pair of the liquid
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crystal capacitance Clc2 and the storage capacitor Cs2 are
parallel-connected to each other.

[0187] What is required to achieve different pre-tilt angles
of liquid crystal molecules in the two areas o and 3 is to
fabricate the liquid crystal display panel such that each of the
divisional areas has a different capacitance ratio between the
liquid crystal capacitance Clc and the storage capacitor Cs,
thereby allowing different voltages to be applied to the liquid
crystal 106. That is, the liquid crystal display panel is to be
fabricated to satisfy the following expression.

Cs1/(Cs1+Clcl)=Cs2/(Cs2+Clc2)

[0188] For example, in order to apply voltages to the
liquid crystal 106 in the divisional areas o and f§ such that
there will be a difference of 10 V, the AC voltage is set at £30
V, and ratios Clc1:Cs1 and Clc2:Cs2 are set at 200 fF:150 {F
(1 fF=10""" F) and 50 fF:164 fF, respectively. Thus, a
voltage of +13 V is applied to the liquid crystal 106 in the
divisional area ., and a voltage of +23 V higher than that in
the divisional area o is applied to the liquid crystal 106 in
the divisional area (. Therefore, the pre-tilt angle in the
divisional area [} becomes smaller than the pre-tilt angle in
the divisional area o.

[0189] In order to make the capacitances formed in the
divisional areas o and f (the sums of Clc and Cs) equal to
each other, for example, the AC voltage is set at +23 V, and
ratios Clc1:Cs1 and Clc2:Cs2 are set at 200 fF:150 {F and
500 {F:300 fF, respectively. Thus, a voltage of *10 V is
applied to the liquid crystal 106 in the divisional area o, and
a voltage of 20 V is applied to the liquid crystal 106 in the
divisional area (. Therefore, the pre-tilt angle in the divi-
sional area [3 becomes smaller than the pre-tilt angle in the
divisional area o.

[0190] FIG. 44 shows a modification of the configuration
of the liquid crystal display of the present embodiment. In
the present modification, as shown in FIG. 44, a TFT 1205
is formed between a drain bus line 114 and a pixel electrode
1165, and a TFT 1204 is formed between the pixel electrode
1165 and a pixel electrode 116a. That is, a drain electrode of
the TFT 1205 is connected to the drain bus line 114, and a
source electrode of the TFT is connected to the pixel
electrode 1165. A drain electrode of the TFT 120a is
connected to the pixel electrode 1165, and a source electrode
of the TFT is connected to the pixel electrode 116a. Gate
electrodes of the TFTs 120a and 1205 are parts of the same
gate bus line 112. The pixel electrodes 116a and 1165 are
separated from each other with the TFT 120a interposed
between them. For example, when TFTs formed using p-Si
are used, three or more divisional areas may be formed, and
TFTs connected to respective divisional areas may be con-
nected in series.

[0191] FIG. 45 shows another modification of the con-
figuration of the liquid crystal display of the present embodi-
ment. In the present modification, as shown in FIG. 45, a
TFT 120a is formed between a drain bus line 114 and a pixel
electrode 1164, and a TFT 1205 is formed between the pixel
electrode 116a and a pixel electrode 1164. That is, a drain
electrode of the TFT 120q is connected to the drain bus line
114, and a source electrode of the TFT is connected to the
pixel electrode 116a. A drain electrode of the TFT 1206 is
connected to the pixel electrode 1164, and a source electrode
of the TFT is connected to the pixel electrode 1165. Gate



US 2006/0125970 A1l

electrodes of the TFTs 120a and 1205 are parts of the same
gate bus line 112. The pixel electrodes 116a and 1165 are
separated from each other with the TFT 12054 interposed
between them.

[0192] FIG. 46 shows still another modification of the
configuration of the liquid crystal display of the present
embodiment. In the present modification, as shown in FIG.
46, a TFT 1204 is formed between a pixel electrode 116a
and a pixel electrode 1165. A gate electrode of a TFT 120a
is part of a gate bus line 112, and a gate electrode of the TFT
1205 is part of another gate bus line 112'. A storage capacitor
Csl is formed between the pixel electrode 116a and a
storage capacitor bus line 118, and a storage capacitor Cs2
is formed between a storage capacitor electrode 119 elec-
trically connected to the pixel electrode 1164 and the storage
capacitor bus line 118. The pixel electrodes 116a and 1165
are separated from each other with the TFT 1205 interposed
between them. The TFT 1205 is in the off-state at the step
of irradiating the liquid crystal 106 with UV light. A
predetermined voltage is always applied to the gate bus line
112" during actual driving, and the TFT 12054 is always in an
on-state during actual driving.

[0193] In the present embodiment, since a different pre-tilt
angle can be achieved in each of a plurality of divisional
areas, it is possible to avoid the problem that a displayed
image appears whitish when viewed in a direction oblique to
the display screen, which allows preferable display charac-
teristics to be achieved.

Embodiment 4-2

[0194] A liquid crystal display according to Embodiment
4-2 in the present mode for carrying out the invention will
now be described with reference to FIG. 47. When a liquid
crystal display is actually driven, a final pixel potential at
each pixel electrode is under influence of a voltage wave-
form on each bus line. In particular, a pixel potential
frequently undergoes a significant fluctuation under the
influence of a gate waveform. In the present embodiment,
the influence of fluctuations of a pixel potential is sup-
pressed by properly setting the values of parasitic capaci-
tances Cgs between two divisional areas o and [3, for
example.

[0195] FIG. 47 shows an equivalent circuit of one pixel of
a liquid crystal display according to the present embodi-
ment. As shown in FIG. 47, a divisional area o having a
pixel electrode 116a formed therein and a divisional area 3
having a pixel electrode 1165 formed therein are formed in
the single pixel. A common electrode 142 and a storage
capacitor bus line 118 are connected after a monomer or
oligomer in a liquid crystal 106 is polymerized. In general,
a feed-through voltage attributable to a gate waveform
during actual driving has different values at the pixel elec-
trodes 116a and 1164. In order to make the values of the
feed-through voltage at the pixel electrodes 116a and 1165
substantially equal to each other, what is required is to
design the magnitudes of parasitic capacitances Cgsl and
Cgs2 such that the following expression is true.

Cgs1/(Cs1+Clcl)=Cgs2/(Cs2+Clc2)

[0196] According to the present embodiment, any reduc-
tion in the display quality of the liquid crystal display can be
prevented. Even when the feed-through voltage values at the
pixel electrodes 116a and 1165 are not equal to each other,
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any reduction in display quality can be suppressed by
designing the magnitudes of the parasitic capacities Cgsl
and Cgs2 such that the following expression is true.

0.7<[Cgs1/(Cs1+Clcl) [ Cgs2/(Cs2+Clc2)]<1.3

Embodiment 4-3

[0197] A liquid crystal display according to Embodiment
4-3 in the present mode for carrying out the invention will
now be described with reference to FIG. 48. FIG. 48 shows
an equivalent circuit of one pixel of the liquid crystal display
of the present embodiment. As shown in FIG. 48, in the
present embodiment, storage capacitor bus lines 118 and
118' are formed for divisional areas a and {3, respectively. A
TFT 120 which is formed at each pixel must be designed in
consideration of balance between (1) a voltage applied to a
liquid crystal 106 during polymerization, (2) the capability
of driving the pixel during actual driving and (3) the ratio of
the same to a pixel capacitance that compensates for various
irregularities. When the storage capacitor bus lines 118 and
118' are independently formed for each of the divisional
areas o and 3, AC voltages having different amplitudes and
frequencies can be applied to the liquid crystal 106 in each
of the divisional areas o and f using a plurality of AC power
sources 174 and 174', which will significantly relax the
restriction pointed out in the above item (1).

Embodiment 4-4

[0198] A liquid crystal display according to Embodiment
4-4 in the present mode for carrying out the invention will
be described with reference to FIG. 49. FIG. 49 shows an
equivalent circuit of one pixel of the liquid crystal display of
the present embodiment. As shown in FIG. 49, the liquid
crystal display of the present embodiment has a Cs-on-Gate
structure in which a gate bus line 112 constitutes one
electrode of a storage capacitor Cs. Storage capacitances
Csl to Cs3 are formed between respective pixel electrodes
1164 to 116¢ and the gate bus line 112. The present embodi-
ment is similar to Embodiment 4-1 in that a different voltage
can be applied to a liquid crystal 106 in each divisional area
by fabricating the liquid crystal panel such that each divi-
sional area has a different capacitance ratio between a liquid
crystal capacitance Clc and a storage capacitor Cs. It is also
possible to combine storage capacitors Cs formed between
the pixel electrodes 1164 to 116¢ and the gate bus line 12 and
storage capacitors Cs formed between the pixel electrodes
1164 to 116¢ and a storage capacitor bus line 118.

[0199] The present mode for carrying out the invention
makes it possible to provide a liquid crystal display which
can achieve high display characteristics.

(Fifth Mode for Carrying Out the Invention)

[0200] A method of manufacturing a liquid crystal display
in a fifth mode for carrying out the invention will now be
described with reference to FIGS. 50 to 55D. The present
mode for carrying out the invention relates to a method of
manufacturing a VA mode liquid crystal display in which the
alignment of the liquid crystal is regulated.

[0201] MVA-LCDs have been proposed as liquid crystal
displays having a wide viewing angle (see Patent Document
3, for example) In an MVA-LCD, liquid crystal molecules
are aligned substantially perpendicularly to a substrate sur-
face when no voltage is applied. When a voltage is applied,
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liquid crystal molecules are divided into four areas in one
pixel and are tilted in four different directions, respectively.
Viewing angle characteristics in those areas are mixed, and
a wide viewing angle is consequently achieved.

[0202] On the contrary, Methods for providing liquid
crystal molecules with a pre-tilt angle include a method in
which a liquid crystal display panel is filled with a liquid
crystal composition including a polymerizable resin (a resin
which is polymerized into a polymer liquid crystal) and in
which the resin is polymerized by irradiating it with light
while applying a voltage to the liquid crystal to obtain a
pre-tilt angle having an azimuth in the direction in which
liquid crystal molecules are inclined (see Japanese patent
application No. 2002-90523 made by the present applicant,
for example). A pre-tilt angle obtained using this method
varies depending on the voltage applied to the liquid crystal
at the time of irradiation with light. Specifically, the pre-tilt
angle of liquid crystal molecules tends to become smaller (or
the angle of inclination from a direction perpendicular to the
substrate surface increases), the higher the applied voltage.

[0203] Inan MVA-LCD, when white or black is displayed,
a contrast ratio of 10 or more is achieved at upward,
downward, leftward and rightward viewing angles at an
inclination of 80°. In an MVA-LCD, it is required to
determine the direction of alignment of liquid crystal mol-
ecules in advance by forming bank-shaped alignment regu-
lating structures constituted by a resin on at least either
substrate.

[0204] However, a common MVA-LCD has a problem in
that it has low chromatic reproducibility relative to viewing
angles. The problem is encountered when liquid crystal
molecules are aligned in a plurality of directions. When
azimuths of alignment of liquid crystal molecules are oppo-
site to each other (or 180° different from each other), there
is a difference between T-V characteristics at the respective
azimuths when viewed in an oblique direction. When the
LCD is actually viewed in an oblique direction, it will have
T-V characteristics which are a combination of the T-V
characteristics at the respective azimuths. Although no prob-
lem therefore occurs in display of black and white, when a
color image is displayed, there will be significant differences
in color tones between a view in a direction square to the
display and a view in an oblique direction.

[0205] Tt is therefore required to reduce changes in T-V
characteristics that occur when the display screen is viewed
in an oblique direction. Especially, inversion of T-V char-
acteristics that occurs at low gradations must be eliminated
and, if not eliminated, differences in luminance at low
gradations must be reduced.

[0206] As a method for solving this, studies are being
made on a technique for improving gradation/viewing angle
characteristics in which a plurality of T-V characteristics are
combined in one pixel to moderate waviness of a T-V curve
when viewed in an oblique direction. There are various
possible methods for varying T-V characteristics in one
pixel. Let us now consider realizing a state in which liquid
crystal molecules have a plurality of pre-tilt angles in one
pixel.

[0207] In the present mode for carrying out the invention,
the following method is used to vary a pre-tilt angle in one
pixel utilizing the phenomenon that a pre-tilt angle of a
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liquid crystal mixed with a polymeric component changes as
a result of a change of a voltage applied to the liquid crystal
when irradiating it with light.

[0208] (1) When a liquid crystal is irradiated with light,
only part of one pixel is allowed to be irradiated using a
mask instead of uniformly irradiating the pixel as a whole.

[0209] (2) When the area irradiated with light is moved,
the applied voltage is changed.

[0210] A plurality of pre-tilt angles can be provided in one
pixel using the above-described method. A plurality of T-V
characteristics can be thus provided in one pixel, and dif-
ferences in viewing angle characteristics between a view in
an oblique direction and a view in a square direction can be
reduced when the characteristics are combined. This con-
tributes to a reduction of drifts of chromaticity in the view
in an oblique direction. The present mode for carrying out
the invention will now be described with reference to
specific embodiments.

Embodiment 5-1

[0211] First, a method of manufacturing a liquid crystal
display according to Embodiment 5-1 in the present mode
for carrying out the invention will be descried with reference
to FIGS. 50 to 52D. FIG. 50 shows a configuration of one
pixel of a liquid crystal display fabricated using the method
of manufacturing a liquid crystal display according to the
present embodiment. FIG. 51 shows a schematic sectional
configuration of the liquid crystal display taken along the
line A-A in FIG. 50. As shown in FIGS. 50 and 51, one
pixel of the liquid crystal display has two alignment regions
in which liquid crystal molecules 107 are tilted in different
directions.

[0212] Drain bus lines 114 and gate bus lines 112 both
having a width of 7 um are formed on a TFT substrate 102.
Pixel electrodes 116 which are solid electrodes constituted
by ITOs are formed at pixel regions defined by the bus lines
112 and 114. For example, the pitch of the pixels in the
longitudinal direction thereof (or the direction in which the
drain bus lines 114 extend, which holds true hereinafter) is
300 pm. On the contrary, for example, the pitch of the pixels
in the transverse direction thereof (or the direction in which
the gate bus lines 112 extend, which holds true hereinafter)
is 100 um. Storage capacitor electrodes 119 are provided
substantially in the middle of the pixel regions.

[0213] A pixel electrode 116 may be formed with, for
example, fine slits extending in a plurality of directions in
order to control the alignment of a liquid crystal 106. A pixel
electrode 116 may be formed by combining a plurality of
electrode units which are in one or plural types of configu-
rations and which are adjacent to each other with slits
interposed between them.

[0214] Although not shown, a black matrix (BM) having
a width of 23 um in the longitudinal direction thereof are
provided on an opposite substrate 104 provided opposite to
the TFT substrate 102, the black matrix having pitches of
300 pm and 100 um which are the same the pixel pitches. CF
resin layers in red, green and blue are formed at each
opening of the black matrix. A common electrode 142 which
is a solid electrode constituted by an ITO is formed through-
out the substrate over the CF resin layers. A liquid crystal (a
liquid crystal composition) 106 including a polymerizable
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resin (which is polymerized into a polymer liquid crystal) is
charged and sealed between the substrates 102 and 104.

[0215] The liquid crystal display panel having the above-
described configuration is irradiated with light from the side
of the opposite substrate 104 to polymerize the polymeric
component. A pixel is partially irradiated with light using a
mask (photo-mask) 150 instead of irradiating the pixel as a
whole with light. Specifically, the mask 150 used here has
openings 151 in the form of slits having a width of, for
example, 20 um and extending in the horizontal direction in
the figure. The width of the opening 151 is smaller than the
width of the pixel region in the vertical direction in the
figure. The openings 151 are provided at a pitch of 300 um
which is the same as the pixel pitch.

[0216] FIGS.52A to 52D are sectional views showing the
method of manufacturing the liquid crystal display accord-
ing to the present embodiment. First, as shown in FIG. 52A,
the mask 150 is placed directly above the opposite substrate
104 with a central section of a pixel region aligned with an
opening 151. When scattered light 152 is projected from
above the mask 150, the liquid crystal 106 in an area a is
irradiated with the light 152 through the opening 151 to
polymerize the polymeric component. At this time, a voltage
of 0 V is applied (no voltage is applied) to the liquid crystal
106. In the area a, the pre-tilt angle becomes the vertical
(90°) because the polymeric component is polymerized with
no voltage applied.

[0217] Next, as shown in FIG. 52B, the mask 150 is
elevated relative to the liquid crystal display panel (to
provide an interval of 50 um between the bottom surface of
the mask 150 and the top surface of the opposite substrate
104, for example) without making any change in the posi-
tional relationship between the central section of the pixel
region and the opening 151 in a plan view. Since the interval
between the mask 150 and the liquid crystal panel increases,
the area irradiated with the light 152 through the opening
151 is increased, and an area b will now be irradiated with
the light 152 in addition to the area a. At this time, for
example, a voltage of 2.5 V is applied to the liquid crystal
106. As a result, the area b is irradiated with the light 152 in
a state in which liquid crystal molecules 107 are inclined.
Since the area b is thus irradiated with light while the liquid
crystal is inclined, a predetermined pre-tilt angle is achieved
in the direction in which the liquid crystal molecules are
inclined. No change occurs in the pre-tilt angle which has
already been achieved in the area a.

[0218] Thereafter, as shown in FIGS. 52C and 52D, the
range irradiated with the light 152 is gradually extended, and
the voltage applied to the liquid crystal 106 is gradually
increased. As a result, liquid crystal molecules 107 in the
area a in the middle of the pixel are provided with a great
pre-tilt angle, and liquid crystal molecules in areas b, ¢ and
d are provided with respective pre-tilt angles that become
smaller in the order in which the areas are listed above. That
is, since liquid crystal molecules 107 in one pixel can be
provided with a plurality of pre-tilt angles, the single pixel
has a plurality of T-V characteristics. This makes it possible
to improve chromatic characteristics when viewed in an
oblique direction.

Embodiment 5-2

[0219] A method of manufacturing a liquid crystal display
according to Embodiment 5-2 in the present mode for
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carrying out the invention will now be described with
reference to FIGS. 53A to 53D. FIGS. 53A to 53D are
sectional views showing the method of manufacturing a
liquid crystal display according to the present embodiment.
The present embodiment is characterized in that a mask 150
is moved in a direction different from that in Embodiment
5-1. As shown in FIGS. 53A to 53D, in the present embodi-
ment, the mask 150 is moved from a central section of a
pixel region in the longitudinal direction of the same (the
horizontal direction in FIGS. 53a to 53D) to move the range
of irradiation with light 152 gradually, and a voltage applied
to a liquid crystal 106 is gradually increased. As a result,
liquid crystal molecules 107 in an area a in the middle of the
pixel is provided with a great pre-tilt angle, and liquid
crystal molecules 107 in areas b, ¢ and d are provided with
respective pre-tilt angles which gradually decrease in the
order in which the areas are listed above. That is, since liquid
crystal molecules 107 in one pixel can be provided with a
plurality of pre-tilt angles, the single pixel has a plurality of
T-V characteristics. This makes it possible to improve chro-
matic characteristics when viewed in an oblique direction.

Embodiment 5-3

[0220] A method of manufacturing a liquid crystal display
according to Embodiment 5-3 in the present mode for
carrying out the invention will now be described with
reference to FIGS. 54A to 54D. FIGS. 54A to 54D are
sectional views showing the method of manufacturing a
liquid crystal display according to the present embodiment.
In comparison to Embodiment 5-1, the present embodiment
is characterized in that an optical system capable of con-
trolling scattering of light to change scattering of light 152
without moving a mask 150. As shown in FIG. 54A, an
opening 151 in the mask 150 is smaller in width than a pixel
region and positioned above a central section of the pixel. At
an initial phase, since the scattering of the light 152 is
relatively small, the area irradiated with the light 152 is
small. Thereafter, the scattering of the light is gradually
increased as shown in FIGS. 54B to 54D, and a voltage
applied to a liquid crystal 106 is gradually increased. As a
result, liquid crystal molecules 107 in an area a in the middle
of the pixel is provided with a great pre-tilt angle, and liquid
crystal molecules 107 in areas b, ¢ and d are provided with
respective pre-tilt angles which gradually decrease in the
order in which the areas are listed above. That is, since liquid
crystal molecules 107 in one pixel can be provided with a
plurality of pre-tilt angles, the single pixel has a plurality of
T-V characteristics. This makes it possible to improve chro-
matic characteristics when viewed in an oblique direction.

Embodiment 5-4

[0221] A method of manufacturing a liquid crystal display
according to Embodiment 5-4 in the present mode for
carrying out the invention will now be described with
reference to FIGS. 55A to 55D. FIGS. 55A to 55D are
sectional views showing the method of manufacturing a
liquid crystal display according to the present embodiment.
The present embodiment includes a step of forming a mask
154 constituted by, for example, a metal layer on a surface
of a glass substrate 111 constituting an opposite substrate
104 which is to be irradiated by light (the top surface in
FIGS. 55A to 55D) before radiating light 152. The present
embodiment also includes a step of removing the mask 154
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after a polymeric component in a liquid crystal 106 is
polymerized by irradiating it with the light 152. The present
embodiment also employs an optical system capable of
controlling scattering of light similarly to Embodiment 5-3
to change scattering of the light 152.

[0222] As shown in FIG. 55A, the mask 154 is formed
with an opening 151 having a smaller width than the width
of a pixel region, located above a central section of the pixel
region. At an initial phase, since the scattering of the light
152 is relatively small, the area irradiated with the light 152
is small. Thereafter, the scattering of the light is gradually
increased as shown in FIGS. 55B to 55D, and a voltage
applied to the liquid crystal 106 is gradually increased. As a
result, liquid crystal molecules 107 in an area a in the middle
of the pixel is provided with a great pre-tilt angle, and liquid
crystal molecules 107 in areas b, ¢ and d are provided with
respective pre-tilt angles which become smaller in the order
in which the areas are listed above. Thereafter, the mask 154
formed on the glass substrate 111 is removed. In the present
embodiment, since liquid crystal molecules 107 in one pixel
can be provided with a plurality of pre-tilt angles, the single
pixel has a plurality of T-V characteristics. This makes it
possible to improve chromatic characteristics when viewed
in an oblique direction.

[0223] The invention is not limited to the above-described
modes for carrying out the same and may be modified in
various ways.

[0224] For example, although transmissive liquid crystal
displays have been referred to as examples in the above-
described mode for carrying out the invention, the invention
is not limited to them and may be applied to other types of
liquid crystal displays such as reflective types and transflec-
tive types.

[0225] Although liquid crystal displays having color filters
on an opposite substrate 104 have been referred to as
examples in the above-described modes for carrying out the
invention, the invention is not limited to them and may be
applied to liquid crystal displays having the so-called CF-
on-TFT structure in which color filters are formed on a TFT
substrate 102.

(Sixth Mode for Carrying Out the Invention)

[0226] The present mode for carrying out the invention
relates to a liquid crystal display and, particularly, to a
multi-domain vertical alignment (MVA) type liquid crystal
display in which the direction of alignment of a liquid crystal
at the time of application of a voltage is controlled such that
it becomes a plurality of directions utilizing structures
formed on the substrates. In the field of MVA type liquid
crystal displays, it is desired to improve the stability of
liquid crystal alignment without sacrificing ease of manu-
facture and display performance and to make improvements
with respect to response characteristics and display defects.

[0227] Recently, liquid crystal displays have been put in a
wide variety of applications by taking advantage of their
features such as low profiles, light weights, drivability at low
voltages and low power consumption.

[0228] However, liquid crystal panels are presently infe-
rior to CRTs in display characteristics when viewed in an
oblique direction or viewing angle characteristics. There-
fore, there is a demand for liquid crystal panels having high
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viewing angle characteristics. A liquid crystal display has
low viewing angle characteristics because an angle that a
light beam incident upon the panel makes with liquid crystal
molecules varies depending on the direction of incidence.
Multi-domain vertical alignment (MVA) liquid crystal pan-
els have been put in use as liquid crystal panels having high
viewing angle characteristics, and a configuration of the
same is disclosed in Japanese Patent Laid-Open No. JP-A-
11-242225.

[0229] FIG. 56 shows an example of a sectional shape of
a vertical alignment (VA) type liquid crystal display. The
liquid crystal display is obtained by combining two glass
substrates 202 and 205 with spacers 207 disposed between
them to provide a predetermined thickness, sealing the
substrates at the peripheries thereof with a seal material 203,
and thereafter injecting a liquid crystal to form and enclose
a liquid crystal layer 204 therein. Polarizers 201 and 206 are
provided on both sides of the combined substrates 202 and
205. Further, a phase difference film may be provided. An
electrode pattern for driving is formed on a surface of at least
either of the two glass substrates 202 and 205 (the substrate
205 in this case), and drive signals are applied from the
outside through terminals provided at the section indicated
by reference number 208. Vertical alignment films are
formed on electrodes on the glass substrates in an MVA type
display.

[0230] FIG. 57 shows an example of an electrode pattern
of an MVA type liquid crystal display. In TFT type liquid
crystal displays that are presently the mainstream from the
technical point of view, a plurality of gate bus lines 211 are
provided in parallel with each other; a plurality of drain bus
lines 212 are provided in parallel with each other in a
direction perpendicular to the drain bus lines 211; pixel
electrodes 215 are provided in regions partitioned by the
gate bus lines 211 and the drain bus lines 212; and TFTs 213
for driving the pixel electrodes 215 are provided at inter-
sections between the gate bus lines 211 and the drain bus
lines 212. Further, Cs bus lines 214 are provided between the
gate bus lines 211, and auxiliary capacitor electrodes 218 are
provided in parts of the pixel electrodes 215 that overlap the
bus lines 214.

[0231] FIGS. 58A and 58B illustrate alignment control
exercised by structures (protrusions (banks) on electrodes in
this case) of an MVA type liquid crystal display. FIG. 58A
shows a state in which no voltage is applied, and FIG. 58B
shows a state in which a voltage is applied. As shown in
FIG. 58A, a transparent opposite electrode 220 which
spreads throughout a display surface is formed on a glass
substrate 202. Protrusions 231 are formed on the electrodes,
and a vertical alignment film 222 is formed on the same.
Pixel electrodes 215 are formed on a glass substrate 205.
Protrusions 231 are formed on the electrodes, and a vertical
alignment film 222 is further formed on the same.

[0232] As shown in FIG. 58A, in the no voltage applied
state, i.e., when no voltage is applied between the pixel
electrodes 215 and the opposite electrode 220, liquid crystal
molecules 210 are aligned substantially perpendicularly to
the substrates 202 and 205. However, the liquid crystal
molecules are aligned at a slight inclination in the vicinity of
the protrusions 231 under the influence of inclined surfaces
of the protrusions. As shown in FIG. 58B, when a voltage
is applied between the pixel electrodes 215 and the opposite



US 2006/0125970 A1l

electrode 220, the liquid crystal molecules 210 are tilted by
an electric field. Although the tilting direction (alignment
direction) is not regulated by simply applying the voltage,
the liquid crystal molecules 210 in the vicinity of the
protrusions 231 are tilted toward a direction perpendicular to
the surfaces of the protrusions 231 when no voltage is
applied as described above, and neighboring liquid crystal
molecules are therefore aligned according to those pre-tilted
liquid crystal molecules. That is, there are different align-
ment directions originating in the protrusions 231 that serve
as boundaries. Since the an alignment direction originating
in a protrusion on the glass substrate 202 is the same as an
alignment direction originating in a protrusion on the glass
substrate 205 adjacent to the protrusion on the substrate 202,
a stable state of alignment is established between the pro-
trusions on the two glass substrates adjacent to each other.
Such a technique for forming areas having different direc-
tions of alignment of a liquid crystal is referred to as
“domain division technique”, and an area in which liquid
crystal molecules are aligned in the same direction is
referred to as “domain”.

[0233] While FIGS. 58A and 58B show an example in
which protrusions that are dielectric bodies provided on
electrodes are used as structures for alignment controlling, it
is possible to use electrode slits provided by removing parts
of electrodes in a display area or recesses on dielectric layers
provided on the electrodes as structures for alignment con-
trol on the electrodes.

[0234] FIG. 59 shows an example in which electrode slits
216 provided on a pixel electrode 215 are used as structures
for alignment control. As illustrated, the electrode slits 216
and an a region 217 between pixel electrodes 215 adjacent
to each other serve as structures for alignment control to
divide the alignment direction of liquid crystal molecules.

[0235] In the electrode pattern in FIG. 57, the pixel
electrode slits 216 and the protrusions 217 provided on the
opposite substrate are alternately disposed in parallel with
each other, and the extending directions of the pixel elec-
trode slits 216 and the protrusions 217 in the upper and
lower halves of the pixel are 90° different from each other.
As a result, the single pixel region is divided into areas in
which the liquid crystal is inclined in respective four direc-
tions, i.e., four domains. When four domains are formed in
one pixel region as thus described, viewing angle biases can
be averaged compared to those in a case where the liquid
crystal is inclined only in one direction, which allows a
significant improvement of viewing angle characteristics.

[0236] Domain dividing structures may be provided on
both substrates or on either substrate. Although the protru-
sions in FIGS. 58A and 58B are formed on both of
substrates by way of example, they may be provided only on
either of the substrates. Similarly, although the electrode
slits in FIG. 59 are provided on either of the substrates, they
may be provided on both of the substrates. Further, both of
electrode slits and protrusions may be provided as shown in
FIG. 57.

[0237] FIG. 60 shows results of measurement of applied
voltage/transmittance characteristics (T-V characteristics) of
an MVA type liquid crystal display taken from a direction
square to the display and a direction at an upward angle of
60° from the same. There is a problem in that a distortion in
luminance transition occurs in the portion indicated by the
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circle P in the figure. For example, the point having a
relatively low luminance which is indicated by Q in the
graph representing the view in the square direction becomes
brighter at the upward angle of 60°. On the contrary, the
point having a relatively high luminance indicated by R
becomes darker. As a result, the difference in luminance
between those points disappears in the view in the oblique
direction. This phenomenon most significantly appears as
changes in colors. The color of an image discolors into a
whitish tint when viewed in an oblique direction. An exami-
nation of gradation histograms of three colors, R, G and B
of the image indicates that the image becomes whitish
because the distribution of red having a relatively high
brightness changes darker, and green and blue which are
originally dark become brighter. The phenomenon is herein
referred to as whitish discoloration.

[0238] As an approach for mitigation of the whitish dis-
coloration, a method is known in which one pixel is formed
by a plurality of sub-pixels and in which all sub-pixels are
capacitively coupled in terms of electrical relationship.
When a voltage is applied through a transistor, since the
potential is divided according to the capacitance ratio
between the sub-pixels, a different voltage is applied to each
of'the sub-pixels to provide the sub-pixels with different T-V/
characteristics. As a result, as shown in FIG. 61, transmit-
tance at bright pixels starts increasing at relatively low
applied voltages, and transmittance at darker pixels starts
increasing at higher applied voltages. By setting the ratio
between the brighter pixels and darker pixels appropriately,
the brighter pixels will have transmittance characteristics
indicated by A; the darker pixels will have transmittance
characteristics indicated by B; and composite transmittance
characteristics C will be provided by the pixels as a whole.
Since a characteristics distortion is thus distributed among
the plurality of sub-pixels, the distortion becomes less
perceptible. Such a method is referred to as “HT (halftone/
grayscale) method utilizing capacitive coupling”.

[0239] However, the HT method utilizing capacitive cou-
pling has a problem in that it involves a very complicated
structure which is liable to cause defects and difficult to
manufacture and in that it results in a significant reduction
of an aperture ratio.

[0240] The HT method utilizing capacitive coupling is
also problematic in that it involves a high driving voltage.
This is because a voltage loss is caused by capacitive
coupling, and the driving voltage increases with the number
of divisions. An increase in the driving voltage necessitates
a driver IC having a higher withstand voltage, which is
disadvantageous in terms of cost.

[0241] Further, according to the HT method utilizing
capacitive coupling, characteristics are digitally synthesized
because a potential difference is provided from sub-pixel to
sub-pixel. This results in a problem that the method provides
characteristics lower than an ideal state in which a change
occurs in a linear manner with a slope.

[0242] Since the HT method utilizing capacitive coupling
has so significant problems as thus described although it is
effective, no product is currently being manufactured by
employing the method.

[0243] Tt is an object of the present mode for carrying out
the invention to implement the HT method using a simpler
configuration in an MVA type liquid crystal display.
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[0244] In the present mode for carrying out the invention,
attention is paid to the fact that a threshold voltage of an
MVA type liquid crystal display varies depending on the
density of structures used therein, and the HT method is
implemented by varying the threshold voltage in one pixel
region by varying the density of structures in the pixel. In an
MVA type liquid crystal display, structures as alignment
control units are used, and the density of the structures can
be varied by changing the pattern of the structures. It is
therefore possible to vary the density of the structures easily
without, for example, increasing manufacturing steps, and
the HT method can be thus implemented by varying the
threshold voltage locally.

[0245] FIGS. 62A and 62B illustrate disposing densities
of protrusions used as alignment controlling structures. FIG.
62A shows a case in which protrusions 231 each extending
in one direction are alternately provided on electrodes 241
and 242 on two substrates 202 and 205. Although not shown,
vertical alignment films are formed on the electrodes and
protrusions. The width of the protrusions 231 is represented
by L, and an interval between adjoining protrusions 231 is
represented by S. FIG. 62B shows a case in which protru-
sions 231 extending in one direction are provided only on an
electrode on one of substrates. In this case again, a vertical
alignment film is formed on the electrode and the protru-
sions. The width of the protrusions 231 is represented by L,
and an interval between adjoining protrusions 231 is repre-
sented by S.

[0246] FIG. 63 shows T-V characteristics of an MVA type
liquid crystal display having protrusions as shown in FIG.
62A as alignment controlling structures, obtained while
varying the interval S between adjoining protrusions. In this
apparatus, the thickness (cell thickness) of the liquid crystal
layer was 4 pum; the height of the protrusions (banks) was 1.5
um; the width L of the protrusions was 5 um a negative
liquid crystal manufactured by Merck was used as the liquid
crystal; and vertical alignment films manufactured by JSR
Corporation were used as alignment films.

[0247] FIG. 64 shows changes in a threshold voltage
relative to the interval S between the adjoining protrusions.
FIGS. 63 and 64 indicate that when the interval S between
the adjoining protrusions is decreased below 10 pum, the
threshold voltage is decreased by 0.5 V to 1 V from values
at intervals S in the range from 15 to 25 pm. That is, the
threshold voltage decreases when the interval S between the
adjoining protrusions is about three times the cell thickness
or less.

[0248] FIGS. 65A and 65B illustrate the reason of this. As
shown in FIG. 65A, when the interval S is small, liquid
crystal molecules 210 between the adjoining protrusions 231
are tilted (pre-tilted) even when no voltage is applied. Thus,
the liquid crystal molecules 210 can be tilted at a lower
voltage. As shown in FIG. 65B, when the interval S is
greater than the above-described condition, the liquid crystal
molecules 210 between the adjoining protrusions 231 are
less susceptible to the influence of the protrusions and are
aligned substantially perpendicularly to the substrate sur-
faces when no voltage is applied. The vertically aligned area
is unlikely to be tilted because the longitudinal direction of
the liquid crystal molecules is in parallel with the direction
of an electric field, and no reduction of the threshold
therefore occurs. This results in an operation similar to that
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in an ordinary MVA type liquid crystal display in which
tilting is triggered by a pre-tilt of the liquid crystal in the
vicinity of protrusions.

[0249] FIG. 66 shows T-V characteristics of an MVA type
liquid crystal display having protrusions as shown in FIG.
62B as alignment controlling structures, obtained while
varying the interval S between adjoining protrusions. The
condition of this apparatus was otherwise similar to that in
FIG. 63. The thickness (cell thickness) of the liquid crystal
layer was 4 pum; the height of the protrusions (banks) was 1.5
um; the width L of the protrusions was 5 pm; MJ961213 was
used as the liquid crystal; and JALS-684 was used as the
alignment film.

[0250] FIG. 66 indicates that when the protrusions
(banks) are provided only on one of the substrates, a
reduction in the interval S between the protrusions results in
a threshold voltage 0.8 V higher than the threshold voltage
of an MVA according to the related art in which upper and
lower protrusions are provided at a greater interval.

[0251] FIGS. 67A to 67C illustrate behaviors of a liquid
crystal in a case wherein protrusions (banks) are provided
only on one substrate in a high density. In this case, liquid
crystal molecules behave according to a principle com-
pletely different from that of the behaviors of liquid crystal
molecules described with reference to FIGS. 65A and 65B.
As shown in FIG. 67A, liquid crystal molecules 210 are
very slightly tilted at an orientation perpendicular to protru-
sions (banks) 231 when a small voltage is applied. This is
considered attributable to the fact that they cannot be
sufficiently tilted because the adjacent protrusions 231 are
located very close to each other although the orientations of
their tilts relative to the adjacent protrusions are 180°
different. Therefore, substantially no light is transmitted.
When the applied voltage is increased in this state, although
the liquid crystal molecules 210 are ftilted further, they
cannot be tilted in the directions of the 180° different
alignment orientations because the adjacent protrusions 231
are located very close. As a result, as shown in FIG. 67B, the
orientations of the tilts of the liquid crystal gradually change
from the directions at 90° to the direction in which the
protrusions extend, and the alignment orientations become
inclined relative to the extending direction of the protru-
sions. The liquid crystal molecules cannot be sufficiently
tilted still in this state. When the applied voltage is further
increased, the alignment orientations become parallel to the
extending direction of the protrusions as shown in FIG.
67C. The liquid crystal molecules can be sufficiently tilted
in this state. It is considered that the liquid crystal molecules
are difficult to tilt with a low applied voltage because their
alignment is oppositely oriented by the adjacent protrusions
as thus described and that the threshold voltage is conse-
quently increased.

[0252] As described above, a threshold voltage can be
reduced by about 0.5 V to 1 V by providing protrusions on
both substrates as shown in FIG. 62A and by setting the
interval S between the protrusions equal to or smaller than
about three times the cell thickness, and the threshold
voltage can be increased by about 0.8 V by providing
protrusions only on one substrate as shown in FIG. 62B and
setting the interval S between the protrusions smaller. There-
fore, viewing angle characteristics can be improved using
the HT method by disposing protrusions as shown in FIGS.
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62A and 62B to provide a first area having a high threshold
voltage and a second area having a low threshold voltage in
one pixel region.

[0253] The first area and the second area may be provided
on either or both of first and second substrates. When only
either of the first and second substrates has the first area and
the second area, no structure to be used as an alignment
controlling unit is provided on the other substrate or, if
provided, linear structures are provided in a face-to-face
relationship with the second area on the substrate.

[0254] When the first area and the second area are pro-
vided on both of the first and second substrates, they are
disposed such that the first area on the first substrate faces
the second area on the second substrate and the first area on
the second substrate faces the second area on the first
substrate.

[0255] A plurality of linear structures provided in the first
area and a plurality of linear structures provided in the
second area may be substantially in parallel with each other,
and they may alternatively extend in directions orthogonal to
each other.

[0256] The structures maybe provided as protrusions pro-
truding into the liquid crystal layer, recesses which are sunk
oppositely to the liquid crystal layer or electrode slits which
are local blanks in electrodes in a display area. It is desirable
for any of the structures that at least any of the width, the
pitch of arrangement and the electrical resistance of the
structures is varied between the first and second areas to
achieve desired threshold voltage characteristics.

Embodiment 6-1

[0257] An MVA type liquid crystal display of the present
embodiment is similar in configuration to MVA type liquid
crystal displays according to the related art except for the
pattern of protrusions (banks) used as alignment regulating
structures. Various exemplary patterns may be employed for
protrusions (banks) of the MVA type liquid crystal display of
the present embodiment.

[0258] FIGS. 68A to 68C show sections of patterns for the
protrusions (banks) of the MVA type liquid crystal display of
the present embodiment. FIGS. 69A and 69B show plan
configurations of patterns for the protrusions (banks) of the
MVA type liquid crystal display of the present embodiment.
As shown in FIGS. 68A to 69B, in the present embodiment,
a plurality of protrusions (banks) 231 extend in the same
direction in parallel with each other.

[0259] In the example shown in FIG. 68A, protrusions
231 are provided only on an electrode 242 on one substrate
205. As illustrated, three protrusions 231 disposed close to
each other at intervals Si are grouped, and resultant groups
are disposed at greater intervals S2. The protrusions have a
width of 3 um, and the interval S1 is, for example, 3 um, and
the interval S2 is, for example, 30 pm. A threshold voltage
is high in an area A in which the protrusions are disposed
close to each other, and a threshold voltage in an area B in
which intervals between adjoining protrusions are greater is
lower than the threshold voltage in the area A. In the area B,
since alignment orientations exerted by the protrusions on
both sides are 180° different from each other, a domain
boundary is formed in the middle. Since the position of the
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domain boundary cannot be controlled, this example has a
problem in that domain sizes are unstable.

[0260] In the example shown in FIG. 68B, three protru-
sions 231 disposed close to each other at intervals S1 on
each of electrodes 241 and 242 on two substrates 202 and
205 are grouped; resultant groups are disposed at greater
intervals S3; and groups each comprising three protrusions
231 provided on the upper and lower substrates adjacent to
each other are disposed such that they are at equal intervals
S4. For example, the interval S1 is 3 um, and the interval S4
is 25 um. A threshold voltage is high in an area D in which
the protrusions are disposed close to each other, and a
threshold voltage in areas C and E in which intervals
between adjoining protrusions are greater is lower than the
threshold voltage in the area D. A stable domain can be
formed in one direction in the areas C and E, and alignment
orientations in the areas C and D are 180° different from
each other. The interval S4 is set at 10 pm or less to make
a threshold voltage difference between the areas C and E
smaller.

[0261] In the example shown in FIG. 68C, three protru-
sions 231 disposed close to each other at intervals S1 on an
electrode 242 on one substrate 205 are grouped, and result-
ant groups are disposed at greater intervals S5. Individual
protrusions 231 are formed at still greater intervals S6 on an
electrode 241 on another substrate 202, and protrusions 231
on the upper and lower substrates adjacent to each other are
disposed such that they are at equal intervals S7. For
example, the interval S1 is 3 um, and the interval S7 is 25
um. A threshold voltage is high in an area H in which the
protrusions are disposed close to each other, and a threshold
voltage in areas F and G in which intervals between adjoin-
ing protrusions are greater is lower than the threshold
voltage in the area H. A stable domain can be formed in one
direction in the areas F and G, and alignment orientations in
the areas F and G are 180° different from each other. Also
in this case, the interval S7 is set at 10 um or less to make
a threshold voltage difference between the areas F and G
smaller.

[0262] FIGS. 69A and 69B illustrate examples of plan
configurations of patterns for the protrusions of the present
embodiment. FIG. 69A shows an example in which protru-
sions (banks) extend in parallel with shorter sides of a
rectangular pixel electrode 215, FIG. 69A corresponding to
the sectional configuration shown in FIG. 68A or 68B. In a
case as shown in FIG. 68A, groups of protrusions 231A and
groups of protrusions 231B are both disposed on one sub-
strate. In a case as shown in FIG. 68B, groups of protrusions
231A are disposed on one substrate, and groups of protru-
sions 231B are disposed on another substrate. When either
of the groups of protrusions 231A and the groups of pro-
trusions 231B is replaced with individual protrusions
(banks), the example corresponds to the example shown in
FIG. 68C. A threshold voltage is high in the area of each
group in which three protrusions are provided close to each
other, and the threshold voltage is lower in an area in which
adjacent protrusions belonging to different groups are at a
greater interval.

[0263] FIG. 69B shows an example similar to the example
in FIG. 57, in which protrusions (banks) extending in
directions at 45° and -45° to a side of a rectangular pixel
electrode 215 are present in a pixel region. Three parallel
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protrusions (banks) 231A close to each other and one
protrusion 231C are provided on one substrate, and a pro-
trusion 231B is provided on another substrate. A threshold
voltage is high in the area of the group of the protrusions
231A in which the three protrusions are provided close to
each other, and the threshold voltage is lower in the area
between the group of the protrusions 231A and the protru-
sion 231B and in the area between the protrusions 231B and
231C. The pattern of the protrusions shown as a plan view
in FIG. 69B may be provided using protrusions having a
sectional configuration as shown in FIGS. 68A, 68B or 68C.

[0264] Examples of sectional configurations and plan con-
figurations of patterns of protrusions according to the
present embodiment have been described with reference to
FIGS. 68A to 69B, and various modifications may be made
to the sectional configurations and plan configurations of
patterns of protrusions according to the present embodiment.

[0265] FIG. 70 shows values of T-V characteristics actu-
ally measured on a display having a sectional configuration
as shown in FIG. 68B, a cell thickness of 4 um, a protrusion
width of 3 pum, a protrusion height of 1.5 um, protrusion
intervals S1 of 3 pm and protrusion intervals S4 of 25 pm.
A negative liquid crystal manufactured by Merck was used
as the liquid crystal; vertical alignment films manufactured
by JSR Corporation were used as the alignment films; and
areas D having a high threshold voltage occupied 48% of the
entire measured region in terms of area ratio. The result was
in preferable agreement with simulation values calculated
using the graphs shown in FIGS. 63 and 66.

Embodiment 6-2

[0266] FIG. 71 shows a section of a pattern of protrusions
(banks) of an MVA type liquid crystal display according to
Embodiment 6-2. In the present embodiment, protrusions
(banks) 231A and 231B having a width L1 extending in a
first direction are alternately provided on substrates 202 and
205 at great intervals S11+S12, and protrusions 232 having
a width S21 extending in a second direction that is perpen-
dicular to the first direction are provided on both sides of
protrusions 231A on the substrate 202 at small intervals S22.
The height of the protrusions 231A and 231B is represented
by h1, and the height and length of the protrusions 232 are
represented by h2 and S11, respectively. For example, the
cell thickness is 4 pm; [L1 is 10 um; S11 is 5 pm; S12 is 20
wm; hl is 1.5 pm; and h2 is 0.5 pm.

[0267] In the apparatus of the present embodiment, since
the height of the protrusions 232 was small, a threshold
voltage in areas in a face-to-face relationship with the
protrusions 232 was lower than a normal threshold voltage
in areas | between the protrusions just as seen in the area
between the protrusions in FIG. 62A. In this case, therefore,
an operation according to the HT method took place between
the areas having the normal threshold voltage and the areas
having the threshold voltage lower than the same.

[0268] On the contrary, the threshold voltage in the area in
a face-to-face relationship with the protrusions 232
increased beyond the threshold voltage in the areas I when
h2 was set equal to hl or 1.5 um. In this case, an operation
according to the HT method took place between the areas
having the normal threshold voltage and the areas having the
threshold voltage higher than the same.
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[0269] When the height h2 was tapered in the direction
away from the protrusions 231A, the threshold voltage in the
areas in a face-to-face relationship with the protrusions 232
was slightly decreased.

[0270] While the above embodiment was described on an
assumption that the alignment controlling structures were
protrusions constituted by dielectric bodies on electrodes, it
is possible to use electrode slits 216 which are local blanks
in electrodes in a display area as shown in FIG. 57A instead
of the protrusions constituted by dielectric bodies.

[0271] FIG. 72 shows a modification of Embodiment 6-2.
The present modification is configured by replacing the
protrusions 231A and 232 in the configuration of Embodi-
ment 6-2 in FIG. 72 with an electrode slit 262 which is
provided on a pixel electrode 215 on a TFT substrate 205
and fine slits 263 having a pattern corresponding to the
protrusions 232 provided on both sides of the electrode slit
262 as illustrated. Protrusions 231 corresponding to the
protrusions 231B are provided on a CF substrate 202. As a
result, effects similar to those of Embodiment 6-2 are
achieved. However, the amounts of changes in the threshold
voltage caused by the structures are smaller than those in a
case wherein protrusions constituted by dielectric bodies are
provided on electrodes as in Embodiment 6-2.

[0272] As shown in FIG. 73, it is also possible to use
recesses 252 that are depressed parts of dielectric layers 251
and 252 provided on electrodes 241 and 242 on substrates
202 and 205, the recesses being sunk in directions opposite
to a liquid crystal layer 204. However, the arrangement is
less effective compared to protrusions constituted by dielec-
tric bodies provided on the electrodes.

[0273] The invention is advantageous when applied to
vertical alignment (VA) type displays and, in particular,
multi-domain vertical alignment (MVA) type displays, and
embodiments described above are applications of the inven-
tion to MVA type liquid crystal displays. However, the idea
of allowing flexible control of T-V characteristics (gradation
characteristics) using an area ratio between areas having
structures therein can be applied to any type of liquid crystal
display.

[0274] As described above, the present mode for carrying
out the invention makes it possible to control T-V charac-
teristics (gradation characteristics) freely by forming areas
having different threshold voltages in one pixel. There is a
little limitation on the ratio between the areas, and an
arbitrary ratio can therefore be set easily. Desired charac-
teristics can be achieved by making small changes in design
values. Further, such a setting can be made with substan-
tially no increase in manufacturing steps.

[0275] In the present mode for carrying out the invention,
the viewing angle characteristics of a liquid crystal display
can be improved to make them close to the characteristics of
a CRT, and the range of application of a liquid crystal
display is thus expanded.

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

a pair of substrates provided opposite to each other;

a storage capacitor bus line formed on one of the pair of
substrates;
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a plurality of divisional areas which is a plurality of
divisions of each of pixel regions arranged on the one
of the pair of substrates;

a pixel electrode formed at each of the divisional areas;

a thin film transistor formed at each of the divisional areas
and connected to the pixel electrode;

a common electrode formed on the other of the pair of
substrates;

a liquid crystal sealed between the pair of substrates; and

a polymer obtained by polymerizing a polymeric compo-
nent mixed in the liquid crystal while applying an AC
voltage between the common electrode and the storage
capacitor bus line.

2. A liquid crystal display according to claim 1, wherein
the plurality of divisional areas in one pixel have different
capacitance ratios, the capacitance ratio being the ratio of a
liquid crystal capacitance formed by the pixel electrode and
the common electrode to a storage capacitance formed by
the pixel electrode and the storage capacitor bus line.

3. A method of manufacturing a liquid crystal display
according to claim 1, wherein the storage capacitor bus line
is independently formed at each of the plurality of divisional
areas in one pixel.
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4. A liquid crystal display comprising:
a pair of substrates provided opposite to each other;
a gate bus line formed on one of the pair of substrates;

a plurality of divisional areas which are a plurality of
divisions of each of pixel regions arranged on the one
of the pair of substrates;

a pixel electrode formed at each of the divisional areas;

a thin film transistor formed at each of the divisional areas
and connected to the pixel electrode;

a common electrode formed on the other of the pair of
substrates;

a liquid crystal sealed between the pair of substrates; and

a polymer obtained by polymerizing a polymeric compo-
nent mixed in the liquid crystal while applying an AC
voltage between the common electrode and the gate bus
line.

5. A liquid crystal display according to claim 4, wherein
the plurality of divisional areas in one pixel have different
capacitance ratios, a capacitance ratio being the ratio of a
liquid crystal capacitance formed by the pixel electrode and
the common electrode to a storage capacitance formed by
the pixel electrode and the gate bus line.
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