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A liquid crystal display device includes a pair of substrates
provided opposite to each other, a common electrode pro-
vided on one of the pair of substrates, and a pixel electrode
provided on the other of the pair of substrates. A vertical
alignment type liquid crystal is sealed between the pair of
substrates. An alignment film is polymerizable upon irradia-
tion of UV, and is obtained by polymerizing substantially the
entire alignment film with a voltage applied between the
electrodes after the liquid crystal is sealed between the sub-
strates. A pixel region has areas whose electro-optical char-
acteristics are different from each other because of a differ-
ence between applied voltages at the time of polymerization.
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LIQUID CRYSTAL DISPLAY

This is a divisional of application Ser. No. 12/396,142, filed
Mar. 2, 2009 now U.S. Pat. No. 7,973,894, which is a divi-
sional of application Ser. No. 10/808,218, filed Mar. 24, 2004,
now U.S. Pat. No. 7,515,214.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
used as a display section of an electronic apparatus and, more
particularly, to an MVA mode liquid crystal display having
high viewing angle characteristics.

2. Description of the Related Art

An MVA (Multi-domain Vertical Alignment) mode liquid
crystal display (hereinafter referred to as “MVA-LCD”) is a
liquid crystal display which is a combination of vertical align-
ment techniques for achieving high contrast and high
response and domain division (Multi-Domain) techniques for
achieving a wide viewing angle. An MVA-LCD has align-
ment regulating structures (linear protrusions and blanks in
electrodes) provided on a substrate to achieve domain divi-
sion. Alignment regulating structures also have the effect of
eliminating a need for a rubbing process which is a major
cause of a reduction in productivity. Therefore, high produc-
tivity is achieved for MVA-LCDs.

However, MVA-LCDs still have problems to be mitigated.
FIG. 18 is a graph showing transmittance characteristics (T-V
characteristics) of an MVA-CLD according to the related art.
The abscissa axis represents voltages (V) applied to the liquid
crystal, and the ordinate axis represents light transmittances
(%). The line X1 in the graph indicates T-V characteristics in
a direction perpendicular to the display screen (hereinafter
referred to as “frontal direction”) , 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 “diagonal
direction”). The polar angle is an angle to a line perpendicular
to the display screen. The display mode of the liquid crystal
display is the normally black mode. As shown in FIG. 10, the
T-V characteristics in the diagonal direction include a region
of gradations where the transmittance is higher than that in the
T-V characteristics in the frontal direction and a region of
gradations where the transmittance is lower than the same.
This results in a problem in that chromaticity in the diagonal
direction deviates from chromaticity in the frontal direction.
Inparticular, the problem is significant in the region where the
transmittance in the diagonal direction is higher than the
transmittance in the frontal direction. That is, a problem arises
in that a display image in dark halftones has an undesirably
whitish appearance in the diagonal direction.

FIG. 19 is a graph showing chromaticity characteristics of
the MVA-CLD according to the related art. The line Y1 indi-
cates variation of the chromaticity characteristics depending
on gradations in the frontal direction, and the line Y2 indicate
variation of the chromaticity characteristics depending on
gradations in the diagonal direction. As shown in FIG. 19, the
MVA-CLD according to the related art has another problem
in that its chromaticity varies depending on gradations and
viewing angles. The transmittance of each gradation is deter-
mined by the magnitude of retardation that occurs in the
liquid crystal layer. Chromaticity also varies depending on
the magnitude of retardation, and this results in the phenom-
enon that chromaticity varies depending on gradations.
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It is an object of the invention to provide a liquid crystal
display having high chromaticity characteristics and viewing
angle characteristics.

SUMMARY OF THE INVENTION

The above-described object is achieved by a liquid crystal
display characterized in that it has a pair of substrates pro-
vided opposite to each other and having electrodes on respec-
tive surfaces opposite to each other, a liquid crystal sealed
between the pair of substrates, and a pixel region including a
low effective voltage area in which an effective voltage
applied to the liquid crystal is lower than a voltage applied
between the electrodes, the low effective voltage area occu-
pying part of the region in a predetermined area ratio, the
pixel region having a threshold voltage that varies between
the low effective voltage area and another area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic configuration of a liquid crystal
display in a first mode for carrying out the invention;

FIG. 2 is a sectional view showing a basic configuration of
the liquid crystal display in the first mode for carrying out the
invention;

FIG. 3 is a perspective view showing a configuration of the
neighborhood of the region shown in FIG. 2;

FIG. 4 is a perspective view showing a modification of the
basic configuration of the liquid crystal display in the first
mode for carrying out the invention;

FIG. 5 is a graph showing T-V characteristics of the liquid
crystal display in the first mode for carrying out the invention;

FIG. 6 is a sectional view showing another basic configu-
ration of a liquid crystal display in a first mode for carrying
out the invention;

FIG. 7 is a sectional view showing another basic configu-
ration of a liquid crystal display in a first mode for carrying
out the invention;

FIG. 8 is a sectional view showing still another basic con-
figuration of a liquid crystal display in a first mode for carry-
ing out the invention;

FIG. 9 is a graph showing variation of chromaticity char-
acteristics depending on gradations of a liquid crystal display
in the first mode for carrying out the invention;

FIG. 10 is a graph collectively showing characteristics of
Embodiments 1-1 to 1-6 in the first mode for carrying out the
invention and a comparative example (indicated by Ref.);

FIG. 11 is a graph collectively showing structures and
optical characteristics of Embodiments 1-1 to 1-6 in the first
mode for carrying out the invention and the comparative
example (indicated by Ref.);

FIG. 12 is a sectional view showing a configuration of a
liquid crystal display in a second mode for carrying out the
invention;

FIG. 13 is a sectional view showing another configuration
of'a liquid crystal display in the second mode for carrying out
the invention;

FIG. 14 shows a configuration of a liquid crystal display
according to Embodiment 2-4 in the second mode for carry-
ing out the invention;

FIG.15is a sectional view showing the configuration of the
liquid crystal display according to Embodiment 2-4 in the
second mode for carrying out the invention;

FIG. 16 shows another configuration of a liquid crystal
display according to Embodiment 2-4 in the second mode for
carrying out the invention;
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FIG. 17 is a sectional view showing the other configuration
ofaliquid crystal display according to Embodiment 2-4 in the
second mode for carrying out the invention;

FIG. 18 is a graph showing T-V characteristics of a liquid
crystal display according to the related art; and

FIG. 19 is a graph showing variation of chromaticity char-
acteristics depending on gradations of the liquid crystal dis-
play according to the related art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[First Mode for Carrying Out the Invention]

A liquid crystal display in a first mode for carrying out the
invention will now be described with reference to FIGS. 1 to
11. FIG. 1 shows a schematic configuration of the liquid
crystal display in the present mode for carrying out the inven-
tion. As shown in FIG. 1, the liquid crystal display has a TFT
substrate 2 having gate bus lines and drain bus lines formed
such that they intersect with each other with an insulation film
interposed between them and 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.

A gate bus line driving circuit 80 loaded with a driver IC for
driving the plurality of gate bus lines and a drain bus line
driving circuit 82 loaded with a driver IC for driving the
plurality of drain 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 drain 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.

FIG. 2 is a sectional view showing a basic configuration of
the liquid crystal display in the present mode for carrying out
the invention. FIG. 3 is a perspective view showing a configu-
ration of the neighborhood of the region shown in FIG. 2. As
shown in FIGS. 2 and 3, a liquid crystal 6 is sealed between
the TFT substrate 2 and the opposite substrate 4. A pixel
electrode 16 is formed at each of pixel regions on the TFT
substrate 2. An alignment regulating slit (a blank in the elec-
trode) 48 which is an alignment regulating structure is formed
on the pixel electrode 16. A common electrode 42 is formed
substantially on the entire surface of the opposite substrate 4.
A linear protrusion 44 which is an alignment regulating struc-
ture is provided on the common electrode 42. Each pixel
region is divided into a plurality of alignment regions by the
alignment regulating slits 48 and the linear protrusion 44. In
each of the alignment regions, liquid crystal molecules 8 are
tilted substantially in the same direction.

A dielectric layer 50 is formed in an area (a low effective
voltage area) B that is part of each alignment region on the
pixel electrode 16. The dielectric layer 50 is provided to make
an effective voltage applied to the liquid crystal 6 in the area
B lower than that in another area A in the alignment region.
Thus, a threshold voltage in the area B is higher than that in
the area A, and two areas A and B having different threshold
voltages are formed in the alignment region. Therefore, in a
localized observation, each alignment region has two differ-
ent T-V characteristics. The dielectric layer 50 may be formed
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on the common electrode 42 because it is only required to be
provided between the pixel electrode 16 and the common
electrode 42.

FIG. 4 is a perspective view showing a modification of the
basic configuration of the liquid crystal display in the present
mode for carrying out the invention. As shown in FIG. 4, the
pixel electrode 16 in the partial area B of the alignment region
is formed with effective voltage decreasing slits (electrode
blanks) 46 which are blanks in the electrode in the form of
stripes. The effective voltage decreasing slits 46 are provided
to make the effective voltage applied to the liquid crystal 6 in
the area B lower than that in the area A ofthe alignment region
similarly to the dielectric layer 50 shown in FIGS. 2 and 3
rather than being provided as alignment regulating structures.

FIG. 5 is a graph showing T-V characteristics of the liquid
crystal display according to the basic configuration. The
abscissa axis represents the voltage (V) applied to the liquid
crystal, and the ordinate axis represents light transmittances
(%). The line A1 in the graph indicates T-V characteristics in
a frontal direction, and the line A2 indicates T-V characteris-
tics in a diagonal direction. As shown in FIG. 5, the T-V
characteristics of the liquid crystal display having the basic
configuration are averaged between the areas A and B having
different threshold voltages, and the difference between
transmittances in the frontal and diagonal directions is
smaller than that in the T-V characteristics of the liquid crystal
display according to the related art shown in FIG. 18. There-
fore, the liquid crystal display according to the basic configu-
ration provides high viewing angle characteristics in that
there is a small deviation in chromaticity of a display image
between the frontal and diagonal directions.

In the liquid crystal display according to the basic configu-
ration, variation of chromaticity depending on gradations and
variation of chromaticity depending on viewing angles are
significantly mitigated. Providing areas having different
threshold voltages in part of a pixel region (alignment region)
is to provide areas that are different in retardation in the pixel
region. That is, when an arbitrary voltage is applied to the
liquid crystal, since liquid crystal molecules are tilted at a
different angle in each region, the value of retardation that
depends on the tilting angle of liquid crystal molecules is also
different in each region. Since differences in retardation
between pixels in respective colors are thus moderated at any
gradation, there will be smaller variation of chromaticity
depending on gradations and viewing angles.

Differences in An-d/A between pixels in respective colors
can be further reduced by adjusting the value of retardation of
the pixel in each color depending on the transmission spec-
trum of the color filter. Specifically, parameters such as the
values of retardation in respective regions having different
threshold voltages, transmission spectra of color filters,
wavelength dispersing properties of the birefringence of the
liquid crystal layer, and voltages applied to liquid crystal
layer that are different depending on the colors are optimized
such that the differences in An-d/A between the pixels in the
colors are minimized in all gradations. This makes it possible
to achieve high display characteristics which result in sub-
stantially no variation of chromaticity depending on grada-
tions and viewing angles.

Color filters in three colors, i.e., red, green and blue (R, G
and B) are used in a common liquid crystal display. Center
transmission wavelengths of the cooler filters R, G and B are
about 600 nm, about 550 nm and about 450 nm, respectively.
Retardation An-d is about 350 nm. Therefore, there is a dif-
ference of about 0.2 between the values An-d/A of R pixels and
B pixels of the liquid crystal display according to the related
art. It is therefore possible to achieve high display character-
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istics which result in substantially no visually perceptible
variation of chromaticity depending on gradations and view-
ing angles by making differences between the values An-d/A
of pixels in the respective colors smaller.

Specifically, what is required is to satisfy relationship
expressed as follows:

AR (N di/Ni-An()-dig1<0.2 (i, j=1, 2, . . ., N3 i=j)

where Ak (k=1, 2, . .., N; N>2) represents the center trans-
mission wavelengths of N kinds of color filter layers; An (A)
represents the birefringence of liquid crystal molecules
against a wavelength A; and dk represents a cell thickness of
a pixel having a color filter whose center transmission wave-
length is Ak between the pixels having at least two kinds
among the color filter layers.

It is thus possible to achieve high display characteristics
which result in substantially no visually perceptible variation
of chromaticity depending on gradations and viewing angles.
More preferably, differences between the values An-d/A of
pixels in respective colors are reduced to 0.05 or less. This
makes it possible to achieve quite high display characteristics
which result in no visually perceptible variation in chroma-
ticity depending on gradations and viewing angles at all.

As techniques for reducing differences between the values
An-d/A of pixels in respective colors, there are two methods as
described below. FIG. 6 shows a sectional configuration of a
liquid crystal display employing the first method. As shown in
FIG. 6, color filter layers 40 of pixels in colors R, G and B are
provided with different thicknesses to control a cell thickness
d of each pixel.

FIG. 7 shows a sectional configuration of a liquid crystal
display employing the second method. As shown in FIG. 7,
dielectric layers 50 of the pixels in the respective colors are
provided with different thicknesses to apply different effec-
tive voltages to the liquid crystal. Alternatively, as shown in
FIG. 8, the voltage applied to the liquid crystal layer is varied
between the pixels in the respective colors instead of provid-
ing the color filter layers 40 or dielectric layers 50 with
different thicknesses. In those configurations, the pixels in the
respective colors have a substantially constant cell thickness
d, and effective retardation An(A., 0) of the liquid crystal layer
is controlled such that it satisfies the following relationship.

1An(Mi, 0i)-d/Ni-An(Mj, 6))-d/jI<0.2 (i,j=1,2, ..., N;
i=)

In the normally black mode, the retardation of the liquid
crystal layer must be chosen so as to achieve the maximum
transmittance (the maximum contrast in the normally white
mode). When differences between the values An-d/A of the
pixels in the respective colors are reduced by controlling the
cell thickness d, in order to achieve the maximum transmit-
tance, the retardation An(Ak)-dk of the pixels having the color
filters whose center transmission wavelength A is closest to
545 nm (the pixels in green in the case of the RGB configu-
ration) must be set in the range between 250 and 450 nm and,
preferably, in the vicinity 0f345 nm (250 nm<An(Ak)-dk<450
nm). When differences between the values An-d/A of the
pixels in the respective colors are reduced by controlling the
effective retardation An(A, 0) of the liquid crystal layer in
order to achieve the maximum transmittance, the retardation
An(Ak)-dk of the pixels having the color filters with the short-
est center transmission wavelength A that results in a steepest
T-V curve (the pixels in blue in the RGB configuration) must
be set in the range between 250 and 450 nm and, preferably,
in the vicinity of 345 nm (250 nm<An(Ak)-d<450 nm).

When differences between the values An-d/A of the pixels
in the respective colors are reduced by controlling the cell

15

30

40

45

65

6

thickness d, variation of chromaticity depending on viewing
angles is automatically mitigated by adjusting it so as to
eliminate variation of chromaticity depending on gradations.
However, when differences between the values An-d/A of the
pixels in the respective colors are reduced by controlling the
effective retardation An(h, 0) of the liquid crystal layer, a
difference between chromaticity (x0, y0) of an incident light
source which has been transmitted or reflected by a liquid
crystal display panel having no polarizer and chromaticity
(x1, y1) of display of white must be smaller than 0.1 (((x0-
x1)?+(y0-y1)*)*?<0.1). More preferably, the difference in
chromaticity is 0.01 or less. When only chromaticity variation
depending on gradations in a frontal direction is to be miti-
gated, since there is no need for reducing the difference
between the values An-d/A of the pixels in the respective
colors, adjustment may be made to the chromaticity of any of
the pixels. However, in order to mitigate both of chromaticity
variation depending on gradations and chromaticity variation
depending on viewing angles, differences between the values
An-d/A of the pixels in the respective colors must be reduced
because retardation when viewed in a diagonal direction must
be matched. For example, in the case of a transmissive liquid
crystal display utilizing a backlight, the liquid crystal display
can be provided with desired chromaticity by adjusting the
chromaticity of light radiated by the backlight.

FIG. 9 is a graph showing chromaticity characteristics of a
liquid crystal display for which optimization has been per-
formed for retardation values in regions having different
thresholds, color filter transmission spectra and wavelength
dispersing properties of the birefringence of the liquid crystal
layer. The line B1 indicates variation of the chromaticity
characteristics depending on gradations in a frontal direction,
and the line B2 indicates variation of the chromaticity char-
acteristics depending on gradations in a diagonal direction. It
will be understood that variation in chromaticity depending
on gradations has been significantly reduced in both of the
frontal and diagonal directions compared to gradation/chro-
maticity variation characteristics of a liquid crystal display
according to the related art shown in FIG. 19. In addition, a
difference in chromaticity between the frontal direction and
the diagonal direction is reduced to solve problems such as
variation of a color depending on viewing angles.

As described above, in the present mode for carrying out
the invention, gradation/viewing angle characteristics and
gradation/chromaticity variation characteristics are signifi-
cantly improved, which makes it possible to provide a liquid
crystal display having higher display quality.

Description will now be made concretely in accordance
with Embodiments.

(Embodiment 1-1)

First, a liquid crystal display according to Embodiment 1-1
in the present mode for carrying out the invention will be
described. The liquid crystal display of the present embodi-
ment has a configuration similar to that shown in FIGS. 2 and
3 which has already been described. A dielectric layer 50 for
controlling an effective voltage applied to a liquid crystal
layer and for increasing a threshold voltage is formed in an
area B of, for example, a TFT substrate 2 side of an MVA-
LCD having alignment regulating structures such as linear
protrusions 44 and alignment regulating slits 48.

An opposite substrate 4 has color filter layers 40 in three
colors, i.e., red, green and blue. A common electrode 42 is
formed on the color filter layers 40. Linear protrusions 44
having a height of 1.4 pm and a width of 10 pm are formed at
intervals of 70 um on the common electrode 42.

The TFT substrate 2 has a pixel electrode 16 at each of pixel
regions. Alignment regulating slits 48 having a width of 10
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um are formed on the pixel electrodes 16 at intervals of 70 pm.
A dielectric layer 50 substantially in the form of a rectangle
having a width of 50 pm and a height (thickness) of 0.5 um is
formed on each pixel electrode 16, the dielectric layer 50
being located around the alignment regulating slit 48. A
columnar spacer is formed on either of the substrates 2 and 4
to obtain a cell thickness of 3.6 um. A vertical alignment film
(manufactured by JSR Corp.) is applied to each of surfaces of
the substrates 2 and 4 opposite to each other, and the sub-
strates are combined such that the linear protrusions 44 and
the alignment regulating slits 48 are alternately arranged. An
n-type liquid crystal (manufactured by Merck Ltd.) having
An=0.1 is filled between the substrates 2 and 4. FIGS. 2 and 3
show only part of four alignment regions that are a result of
alignment division in one pixel. In practice, liquid crystal
molecules in the alignment regions in one pixel are tilted in
respective directions at 45°, 135°, 225°, and 315° (on an
assumption that the right side of the display screen is at 0° for
example). The areas of the alignment regions in one pixel are
substantially equal.

A liquid crystal display formed with no dielectric layer 50
for controlling an effective voltage was fabricated as a com-
parative example for Embodiment 1-1.

(Embodiment 1-2)

As Embodiment 1-2, a liquid crystal displaywas fabricated
which had a cell thickness of 4.3 pum chosen to maximize the
sum of transmittances in a plurality of regions having differ-
ent threshold voltages in order to maximize the transmittance
of the display.

(Embodiment 1-3)

As Embodiment 1-3, a liquid crystal display as shown in
FIG. 7 was fabricated in which dielectric layers 50 in R, G and
B pixels were provided with different thicknesses to mitigate
variation of chromaticity depending on gradations. The
dielectric layers 50 had thicknesses of 0.3 pm, 0.5 pm, and 0.7
um in the R, G and B pixels, respectively.

(Embodiment 1-4)

As Embodiment 1-4, a liquid crystal display as shown in
FIG. 6 was fabricated in which the cell thickness was varied
in R, G and B pixels to mitigate variation of chromaticity
depending on gradations. The cell thickness was 4.7 um, 4.3
wm, and 3.5 um in the R, G and B pixels, respectively.
(Embodiment 1-5)

As Embodiment 1-5, a liquid crystal display as shown in
FIG. 8 was fabricated in which a signal conversion board
having a gradation conversion table for correcting each of R,
G and B was used in a liquid crystal panel similar to that in
Embodiment 1-2 to optimize input data voltages between R,
G and B pixels.

Although the shape of the dielectric layer 50 is substan-
tially rectangular in Embodiments 1-1 to 1-5, similar effects
can be achieved with other shapes. For example, dielectric
layers 50 in the form of stripes having a layer width L and a
gap width S that satisfy a relationship [/S=0.3 um/0.3 um
may be provided in a direction orthogonal to the alignment
regulating structures, which makes it possible to provide the
effect of enhancing alignment controlling power of the align-
ment regulating structures in addition to the effect of control-
ling the effective voltage. This allows stronger alignment
control to make it possible to improve transmittance and to
prevent various display defects.

While the dielectric layers 50 in the R, G and B pixels are
provided with different thicknesses to mitigate variation of
chromaticity depending on gradations in Embodiment 1-3,
similar effects can be achieved by providing dielectric layers
50 having different area ratios and shapes. When dielectric
layers 50 in the form of stripes are provided, similar effects

20

30

40

45

8

can be achieved by optimizing the width and cycle of the
dielectric layer 50 between the R, G and B pixels.
(Embodiment 1-6)

A liquid crystal display according to Embodiment 1-6 in
the present mode for carrying out the invention will now be
described. The liquid crystal display of the present embodi-
ment has a configuration similar to that shown in FIG. 4 which
has already been described. Slits for decreasing an effective
voltage (electrode blanks) 46 are formed on a pixel electrode
16 in an area B that is part of an alignment region. The slits 46
for decreasing the effective voltage are provided to decrease
the effective voltage applied to a liquid crystal 6 below that in
another area A of the alignment region, thereby providing a
higher threshold voltage.

An opposite substrate 4 has color filters 40 in three colors,
ie., R, G and B. A common electrode 42 is formed on the
color filter layers 40. Linear protrusions 44 having a height of
1.4 um and a width of 10 um are formed at intervals of 70 pm
on the common electrode 42.

A TFT substrate 2 has a pixel electrode 16 at each of pixel
regions. Alignment regulating slits 48 having a width of 10
um are formed on the pixel electrodes 16 atintervals of 70 pm.
The pixel electrode 16 is also provided with slits 46 for
decreasing the effective voltage which extend orthogonally to
the alignment regulating slit 48 on both sides of the same and
which are in the form of stripes narrower than the slit 48
(L/S=3.5 pm/5.0 pm). The configuration is otherwise similar
to that in Embodiment 1-1.

In the liquid crystal display of the present embodiment,
loss of transmittance can be reduced further by performing
optimization such that the sum of transmittances in a plurality
ofregions having different thresholds just as done in Embodi-
ment 1-2. Higher gradation/chromaticity characteristics can
be achieved by optimizing the shape, width, and cycle of the
alignment regulating slits 48 between the R, G and B pixels
just as done in Embodiment 1-3. Higher gradation/chroma-
ticity characteristics can be achieved by optimizing the cell
thickness in each of the R, G and B pixels just as done in
Embodiment 1-4. Further, higher gradation/chromaticity
characteristics can be achieved by optimizing a data voltage
input to the R, G and B pixels just as done in Embodiment 1-5.

FIG. 10 is a graph collectively showing the characteristics
of Embodiments 1-1 to 1-6 and the comparative example
(indicated by Ref.). Normalized transmittances are shown
along the abscissa axis in logarithmic representation. The
normalized transmittances are shown on an assumption that
transmittance is 100% when white is displayed. The ordinate
axis represents ratios of transmittance in a diagonal direction
to transmittance in a frontal direction (relative transmit-
tances). In the graph shown in FIG. 10, a relative transmit-
tance results in higher gradation/viewing angle characteris-
tics, the more constant the relative transmittance is regardless
of'the normalized transmittances, i.e., the flatter the profile of
the relative transmittance is. A relative transmittance results
in higher gradation/viewing angle characteristics, the closer
to 1.0 the relative transmittance is. As shown in FIG. 10,
Embodiments 1-1 to 1-6 have low relative transmittances and
flatter profiles at low transmittances at which relative trans-
mittances have been high in the related art, and the embodi-
ments have relative transmittances closer to 1.0, in general. It
is therefore apparent that any of the embodiments achieves a
significant improvement in gradation/viewing angle charac-
teristics over the comparative example.

FIG. 11 is a table collectively showing the structures and
optical characteristics of Embodiments 1-1 to 1-6 and the
comparative example. Transmittances are represented on an
assumption that the transmittance of the comparative
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example is 1.0. Gradation/chromaticity variations represent
widths of chromaticity variations that occur during a grada-
tion change from black to white (they correspond to the
lengths of respective lines plotted as shown in FIG. 9 or 19).
Further, gradation/viewing angle characteristics and grada-
tion/chromaticity variation characteristics obtained by an eye
observation of acommon image for demonstrative display are
shown with evaluation in four classifications represented by
symbols OO, O, A and X which are in the order of excel-
lence. As shown in FIG. 11, all of the embodiments achieve
high gradation/viewing angle characteristics and gradation/
chromaticity variation characteristics much higher than those
of the comparative example with substantially no loss of
transmittance and exhibit quite high display performance in
general.

In the above-described embodiments, various display
defects can be avoided by providing the dielectric layers 50
and the slits 46 for decreasing the effective voltage in regions
closer to ends of pixels. Specifically, a display defect which
has occurred during display of white in the related art can be
prevented by increasing a threshold voltage in a region close
to an end of a pixel. In particular, by providing the dielectric
layers 50 in regions close to ends of pixels, an effective cell
thickness can be made small. Since this improves alignment
controlling power, it is possible to provide a liquid crystal
display which has less display defects.

In the above-described embodiments, the area ratio of a
region where an effective voltage is to be reduced is a param-
eter indicating which region of gradations is to be primarily
improved with respect to gradation/viewing angle character-
istics. A difference between threshold voltages is a parameter
indicating the degree of a characteristic improvement that can
be achieved. Therefore, in order to improve display charac-
teristics of very low gradations that are a problem in MVA-
LCDs, the area ratio is preferably in the range from 0.5t0 0.9.
More desirably, the area ratio is in the range from 0.6 to 0.8 in
which higher display characteristics can be achieved for all
gradations. A threshold voltage difference is preferably in the
range from 0.1 V to 2.0 V because it is in a trade-off relation-
ship with transmittance. More desirably, a threshold voltage
difference is in the range from 0.5V to 1.0 V in which there is
substantially no loss of transmittance and in which higher
display characteristics can be achieved for all gradations.

Although the above-described embodiments are examples
of the application of the present mode for carrying out the
invention to MVA-LCDs, similar effects can be achieved by
applying the present mode for carrying out the invention to
liquid crystal panels having other switching modes.

Further, although the above-described embodiments are
examples of the application of the present mode for carrying
out the invention to MVA-LCDs in which alignment division
is achieved by the use of linear protrusions 44 and alignment
regulating slits 48, similar effects can be achieved by apply-
ing the present mode for carrying out the invention to MVA-
LCDs having other alignment regulating structures.

Although the dielectric layers 50 and the slits 46 for
decreasing an effective voltage are provided in positions
around the alignment regulating slits 48, similar effects can be
achieved by providing them in other regions. However, since
the dielectric layers 50 and the slits 46 for decreasing an
effective voltage also have the function of regulating the
aligning direction of liquid crystal molecules, itis desirable to
provide them such that no inconsistency occurs with the
aligning direction of liquid crystal molecules regulated by the
alignment regulating structures. Further, the dielectric layers
50 and the slits 46 for decreasing an effective voltage may be
formed in an overlapping relationship with alignment regu-
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lating structures on a substrate or in an overlapping relation-
ship with alignment regulating structures on another substrate
provided in a face-to-face relationship, which improves sym-
metry of the alignment of the liquid crystal and improves
alignment controlling power in general. In practice, it is desir-
able to design an appropriate layout taking the above-de-
scribed conditions and a pixel layout into consideration.

Further, in the above-described embodiments, a dielectric
layer 50 and slits 46 for decreasing an effective voltage are
provided such that they divide one alignment region to pro-
vide areas having different threshold voltages in the align-
ment region. When a plurality of alignment regions exist in
one pixel, a dielectric layer 50 and slits 46 for decreasing an
effective voltage may be formed to cover at least one of the
alignment regions entirely. Effects similar to those described
above can be achieved when a dividing ratio and a threshold
voltage difference as described above can be achieved on the
average throughout the pixel. Further, a threshold voltage
difference can be made clear depending on the size and layout
of pixels.

Techmques for optimizing an input data voltage as in
Embodiment 5-1 include a method in which a scaler circuit is
provided for each of the colors R, G and B and a method
involving conversion on a software basis such as ICC profil-
ing. Since those methods have similar correcting functions,
the most suitable method may be chosen depending on the
environment and cost of the liquid crystal display.

As described above, the present mode for carrying out the
invention makes it possible to provide an MVA-LCD having
high viewing angle characteristics.

[Second Mode for Carrying Out the Invention]

A liquid crystal display in a second mode for carrying out
the invention will now be described with reference to FIGS.
12 to 17. Recently, the advent of the MVA mode and IPS
mode has resulted in a significant improvement of viewing
angle characteristics of liquid crystal displays. However, the
viewing angle characteristics have not reached the level of
those of CRTs yet. In particular, MVA-LCDs have a problem
in that an image displayed in halftones appears somewhat
whitish in a diagonal direction.

As a solution to this, a Japanese Patent Application (No.
2002-52303) made by the applicant proposed a technique for
curing a photo-curing composition mixed in a liquid crystal
such that it has a different pre-tilt angle in part of one pixel.
According to this technmque, areas having different T-V char-
acteristics such as threshold voltages can be formed in one
pixel to improve gradation/viewing angle characteristics.

In a Japanese Fatent Application (numbered 2001-98455
which is hereinafter referred to as “Patent Document 1)
made by the applicant, a technique as described below is
proposed as a technique for imparting a pre-tilt angle. A
pre-tilt of liquid crystal molecules can be imparted by adding
a monomer or oligomer which is optically or thermally
reacted for polymerization in the liquid crystal and polymer-
izing the monomer or oligomer after the liquid crystal is
injected. The pre-tilt angle can be varied by changing a volt-
age that is applied to the liquid crystal at the time of polymer-
ization. The smaller the pre-tilt angle becomes, the greater the
applied voltage. A pre-tilt angle is an angle at which liquid
crystal molecules are tilted relative to a substrate surface
when no voltage is applied to the liquid crystal layer. That is,
“areduction in a pre-tilt angle” means an increase in an angle
of'inclination from perfect vertical alignment or approaching
to horizontal alignment.

However, the above-described technique is limited in dif-
ferences between pre-tilt angles that can be formed, and a
problem has arisen in that it is difficult to form areas having
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different T-V characteristics in one pixel. The above-de-
scribed technique also has a problem in that it makes steps for
manufacturing liquid crystal displays complicated.

It is an object of the present mode for carrying out the
invention to form areas having different T-V characteristics in
one pixel with simple manufacturing steps and to thereby
provide a liquid crystal display having high viewing angle
characteristics.

FIG. 12 schematically shows a sectional configuration of a
region substantially corresponding to one pixel of a liquid
crystal display in the present mode for carrying out the inven-
tion. As shown in FIG. 12, an insulation film 34 having a
relatively large thickness is formed in an area C that is a part
ofa pixel region. Therefore, the area C has a cell thickness d1
that is smaller than a cell thickness d2 of another area D
(d1<d2). A polymer is formed in a liquid crystal 6 by poly-
merizing a polymeric component such as a monomer or oli-
gomer.

Such a distribution of cell thicknesses allows different T-V
characteristics to be achieved depending on areas in one pixel
after the monomer or oligomer is UV-cured. In the area hav-
ing the smaller cell thickness d1, the pre-tilt angle of liquid
crystal molecules is greater than that in the area D (or closer
to vertical alignment), and T-V characteristics are shifted
toward a high voltage side. We guess the following. The
amount of monomer in the D area is larger than that of C area.
This makes the pre-tilt angle of D area smaller than that of C
area. It is not essential that the areas C and D are two equal
divisions of the pixel, and the areas C and D may be smaller
parts of the same which are mingled with each other. Another
area having a different cell thickness may be added to the
areas C and D.

According to the technique disclosed in Patent Document
1 for controlling a pre-tilt angle using a monomer or oligomer
which can be polymerized, variations in T-V characteristics
attributable to a variation of the cell thickness are several
times greater than those in a case wherein neither monomer
nor oligomer is used. In the present mode for carrying out the
invention, differences in the T-V characteristics between the
areas C and D are therefore clear.

Further, variations of the T-V characteristics become more
significant when pre-tilt setting is varied between the areas C
and D to set a smaller pre-tilt angle for the area D. The reason
is that the T-V characteristics vary depending on the pre-tilt
angles even ifthe cell thicknesses d1 and d2 are equal and that
the characteristics of the area having the smaller pre-tilt angle
are shifted toward a low voltage.

Methods for varying the pre-tilt angle include a technique
in which the voltage applied to the liquid crystal is varied
when the monomer or oligomer is polymerized. In this case,
a higher voltage results in a smaller pre-tilt angle.

As a method of varying the pre-tilt angle, a technmique may
be used in which a monomer and a polymerization initiator
are mixed in an alignment film. FIG. 13 schematically shows
a sectional configuration of a region substantially corre-
sponding to one pixel of a liquid crystal display in the present
mode for carrying out the invention in which the same tech-
nique is used. As shown in FIG. 13, a monomer and polymer-
ization initiator are mixed in an alignment film 35' in an area
D of'the pixel. A monomer and a polymerization initiator are
mixed in an alignment film 35 in an area C in a density lower
than that in the area D. Alternatively, neither monomer nor
polymerization initiator is mixed (in other words, a monomer
and polymerization initiator are mixed in a density of 0).
Thus, a pre-tilt angle in the area D can be made smaller than
that in the area C. Obviously, the monomer and polymeriza-
tion initiator may be mixed in another alignment film 36. This
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technique may be used in combination with the method
shown in FIG. 12. In this case, the pre-tilt angle in the area D
can be made smaller by providing the monomer in the align-
ment film 35 in the area D in FIG. 12 with a density higher
than that in the area C.

(Embodiment 2-1)

A liquid crystal display panel having a configuration as
shown in FIG. 12 was fabricated as a liquid crystal display
according to Embodiment 2-1 in the present mode for carry-
ing out the invention. One pixel had a size of about 100x300
um, and each of areas C and D had a size of about 100x150
um. An acrylic insulation film PC 403 (manufactured by JSR
Corp.) was used as an insulation film 34 which had a thickness
of'1.8 um. The cell thickness was 2.2 um in the area C and 4.0
pum in the area D. An acrylate monomer was mixed in an
amount of 0.5% in a liquid crystal 6 (Ae=-3.8; NI-point: 71°
C.) . After the liquid crystal 6 was injected into a panel, the
liquid crystal 6 was irradiated with UV light of about 1 J/cm?
with a voltage of 10 V applied between electrodes 16 and 42.
In the present embodiment, display could be preferably per-
formed even when viewed in a diagonal direction compared
to an ordinary liquid crystal display panel having a uniform
cell thickness (4.0 um) throughout the same. The monomer to
polymerize is not limited to acrylate monomer. For example,
metacrylate and so on.

(Embodiment 2-2)

As aliquid crystal display according to Embodiment 2-2 in
the present mode for carrying out the invention, a liquid
crystal display was fabricated under the same conditions as
those in Embodiment 2-1 except for the voltage applied at the
time of polymerization. Although the entire area was irradi-
ated with UV at a time in Embodiment 2-1, monomers in
areas C and D were polymerized separately by irradiating
them with UV light through a mask. A voltage of 10 V was
applied to polymerize the monomer in the area C, and a
voltage of 16 V was applied to polymerize the monomer in the
area D. The present embodiment could perform display more
preferably than the liquid crystal display panel of Embodi-
ment 2-1 did when viewed in a diagonal direction.
(Embodiment 2-3)

A liquid crystal display panel having a configuration as
shown in FIG. 13 was fabricated as a liquid crystal display
according to Embodiment 2-3 in the present mode for carry-
ing out the invention. One pixel had a size of about 100x300
um, and each of areas C and D had a size of about 100x150
um. The cell thickness was 4.0 um. An acrylate monomer and
a polymerization initiator (Irgacure 651 manufactured by
Ciba Specialty Chemicals Holding Inc.), each in an amount of
5% by weight of a material to be aligned including a solvent,
were mixed in an alignment film 35' during printing. Neither
monomer nor polymerization initiator was mixed in align-
ment films 35 and 36. An acrylate monomer was mixed in an
amount of 0.5% in a liquid crystal 6 (Ae=-3.8; NI-point: 71°
C.) just as in Embodiment 2-1. After the liquid crystal 6 was
injected into a panel, the liquid crystal 6 was irradiated with
UV light of about 1 J/cm? with a voltage of 10 V applied
between electrodes 16 and 42. In the present embodiment,
display could be preferably performed even when viewed in a
diagonal direction compared to an ordinary liquid crystal
display panel.

(Embodiment 2-4)

A liquid crystal display panel having a configuration as
shown in FIGS. 14 and 15 was fabricated as a liquid crystal
display according to Embodiment 2-4 in the present mode for
carrying out the invention. FIG. 14 shows a configuration of a
region substantially corresponding to three pixels of the lig-
uid crystal display panel of the present embodiment, and FIG.
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15 shows a schematic sectional configuration of the liquid
crystal display panel taken along the line A-A in FIG. 14. As
shown in FIGS. 14 and 15, in the present embodiment, a
dielectric layer 52 is formed at the periphery of each of pixel
regions defined by gate bus lines 12 and drain bus lines 14, the
dielectric layer being formed on a pixel electrode 16. An
acrylic insulation film PC 403 (manufactured by JSR Corp.)
was used as the dielectric layer 52. The dielectric layer 52 is
a transparent body which exhibits a transmittance of 90% or
more in the region of visible light. An opening 56 is formed in
the middle of a pixel by providing a hole in the dielectric layer
52. The pixel electrode 16 is exposed at the opening 56. A
TFT 20 is formed in the vicinity of each of intersections
between the gate bus lines 12 and the drain bus lines 14. One
pixel has a size of about 100x300 pm. The cell thickness was
4.0 um in the middle of a pixel. An acrylate monomer was
mixed in an amount of 0.5% in a liquid crystal 6 (Ae=-3.8;
NI-point: 71° C.). After the liquid crystal 6 was injected into
a panel, the liquid crystal 6 was irradiated with UV light of
about 1 J/cm® with a voltage of 10 V applied between elec-
trodes 16 and 42.

A liquid crystal display panel having a configuration as
shown in FIGS. 16 and 17 was fabricated as a modification of
the liquid crystal display according to present embodiment.
FIG. 16 shows a configuration of a region substantially cor-
responding to three pixels of the liquid crystal display panel
of the present modification, and FIG. 17 shows a schematic
sectional configuration of the liquid crystal display panel
taken along the line B-B in FIG. 16. As shown in FIGS. 16 and
17, in the present modification, end faces of the dielectric
layer 52 formed at the periphery of each pixel are inclined
toward the opening 56. The thickness of the dielectric layer 52
is preferably equal to or greater than 0.1 pm and equal to or
smaller than one-half of the cell thickness. The thickness of
the dielectric layer 52 may be equal to the cell thickness if a
boundary between an inclined surface o and a flat surface 3 of
the dielectric layer 52 is located outside the pixel region. Ona
common electrode 42 on an opposite substrate 4, a point-like
protrusion 54 is formed substantially in the middle of each
pixel. The conditions are otherwise the same as those in the
above-described embodiment. By providing the dielectric
layers 52 at the periphery of the pixels as thus described,
liquid crystal molecules 8 can be aligned toward the centers of
the pixel regions when a voltage is applied to the liquid crystal
layer. However, when a high voltage is abruptly applied, a
great number of disclination lines are generated at random.
Therefore, when the monomer is polymerized by performing
irradiation with UV light while applying a voltage, it is desir-
able to perform UV irradiation while generating regular dis-
clination lines by gradually increasing the applied voltage
from a low voltage.

By uniformly applying a voltage of 10 V between elec-
trodes 16 and 42 throughout a pixel, a voltage that is substan-
tially 10V is applied to an area E of the liquid crystal 6 shown
in FIG. 17, and a voltage that is substantially about 6 V is
applied to an area F because there is a voltage distribution of
the dielectric layer 52. By performing UV irradiation in this
state, a difference can be created in that the pre-tilt angle in the
area F is slightly smaller than 90° and the pre-tilt angle in the
area E is smaller than that in the area F. Thus, the areas E and
F can be provided with different electro-optical characteris-
tics based on the difference in the substantial voltage at the
time of driving and the difference in the pre-tilt angle attrib-
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utable to the presence or absence of the dielectric layer 52. In
the present embodiment and the modification of the same,
preferable display could be performed even when viewed in a
diagonal direction in comparison to an ordinary liquid crystal
display panel having a uniform cell thickness (4.0 pm)
throughout the same.

While one opening 56 and one protrusion 54 are formed at
each pixel in the configuration shown in FIGS. 16 and 17, a
plurality of openings 56 and protrusions 54 may be formed at
each pixel.

As described above, the present mode for carrying out the
invention makes it possible to form areas having different T-V
characteristics in one pixel with simple manufacturing steps
and to thereby provide a liquid crystal display having high
viewing angle characteristics.

As described above, the invention makes it possible to
provide a liquid crystal display having high chromaticity
characteristics and viewing angle characteristics.

What is claimed is:

1. A liquid crystal display comprising:

a pair of substrates provided opposite to each other;

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

strates;

a pixel electrode provided on the other of the pair of sub-

strates;

a vertical alignment type liquid crystal sealed between the

pair of substrates;

an alignment film which is polymerizable upon irradiation

of UV and is obtained by polymerizing substantially the
entire alignment film with a voltage applied between the
electrodes after the liquid crystal is sealed between the
substrates; and

a pixel region having areas whose electro-optical charac-

teristics are different from each other because of a dif-
ference between applied voltages at the time of polymer-
ization.

2. The liquid crystal display according to claim 1, wherein
a polymeric component and a polymerization initiator are
mixed in the alignment film.

3. The liquid crystal display according to claim 1, wherein
the electro-optical characteristics in the areas of the pixel
region are different from each other because of a difference
between cell thicknesses.

4. The liquid crystal display according to claim 3, wherein
the pixel region has a different pre-tilt angle in each of the
plurality of areas, and the pre-tilt angle is relatively small in
an area in which the cell thickness is relatively great.

5. The liquid crystal display according to claim 1, wherein
the electro-optical characteristics in the areas of the pixel
region are different from each other because of a separate
irradiation of UV light through a mask.

6. The liquid crystal display according to claim 1, wherein
the vertical alignment type liquid crystal is a nematic liquid
crystal whose initial alignment is vertical to a surface of the
substrates when no voltage is applied between the pixel and
common electrodes.

7. The liquid crystal display according to claim 6, wherein
the vertical alignment type liquid crystal has negative dielec-
tric constant anisotropy.

8. The liquid crystal display according to claim 1, wherein
said pixel electrode is configured and arranged to allow light
from a backlight to pass therethrough.
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