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(57) ABSTRACT

An MVA-type LCD capable of displaying with a high con-
trast ratio is provided. An LCD according to the present
invention is an MVA-type LCD including a stripe-shaped rib
2154 provided on a first electrode 11 of a liquid crystal layer
and a stripe-shaped slit 22 formed in a second electrode 12 of
theliquid crystal layer. The rib 215 has a side face whose taper
angle in a cross section which is orthogonal to an azimuth
direction that the rib 21 extends is 18° or less, and is made of
a material such that a film of the material with a thickness
corresponding to the height of the rib has an OD value of 0.8

Or more.
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LIQUID CRYSTAL DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, and more particularly to a liquid crystal display
device having a high contrast ratio which is suitable for use in
a liquid crystal television set.

BACKGROUND ART

[0002] In recent years, liquid crystal television sets incor-
porating liquid crystal display devices (hereinafter referred to
as “LCDs”) are rapidly gaining prevalence. Since LCDs for
liquid crystal television sets are required to have high viewing
angle characteristics, the following two types are mainly
prevalent: IPS-type and MVA-type. As compared to the IPS-
type, the MVA-type has advantages such as excellent mass
producibility and high black display quality, and enjoys a
market share which is much greater than that of the IPS-type.
[0003] Asisdescribed in Patent Document 1,an MVA-type
LCD is an LCD which performs displaying in the normally
black (NB) mode by using a vertical-alignment type liquid
crystal layer that is provided between a pair of electrodes,
with domain regulating means being provided so that, under
an applied voltage, liquid crystal molecules will fall (tilt) in a
plurality of different directions within each pixel. The domain
regulating means are, for example, slits which are formed in
an electrode or ribs (also referred to as protrusions or bumps)
which are formed on an electrode and protrude toward the
liquid crystal layer. Although various combinations are pos-
sible for the domain regulating means to be provided on both
sides of the liquid crystal layer, the following description
assumes that the MVA-type LCD refers to a construction
which the Applicants currently adopt as the LCDs for large-
sized liquid crystal television sets, i.e., a construction where
slits are provided in one of a pair of electrodes sandwiching a
liquid crystal layer and ribs are provided on the other elec-
trode, unless otherwise specified.

[0004] [Patent Document 1] The specification of Japanese
Patent No. 2947350

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0005] Theliquid crystal television sets which are currently
marketed by the Applicants have contrast ratios above 1000,
but an even higher contrast is being desired. Therefore, in
order to further reduce the luminance in a black displaying
state (hereinafter simply referred to as the “black lumi-
nance”), the inventors have specifically studied what is boost-
ing the black luminance. As a result, it has been found that, in
addition to a leakage of light which is caused by disturbed
polarization due to color filters, a leakage of light near the side
faces of ribs and the like are boosting the black luminance.
[0006] An objective ofthe present invention is to provide an
MVA-type LCD that is capable of displaying with a high
contrast ratio, in which a leakage of light near the side faces of
the ribs and the like are suppressed.

Means for Solving the Problems

[0007] A liquid crystal display device comprises a plurality
of pixels each including a first electrode, a second electrode
opposing the first electrode, and a vertical-alignment type
liquid crystal layer provided between the first electrode and
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the second electrode, characterized in that, each of the plu-
rality of pixels includes: a stripe-shaped rib provided on the
first electrode on the liquid crystal layer and a stripe-shaped
slit formed in the second electrode on the liquid crystal layer;
when a voltage is applied across the liquid crystal layer, a
liquid crystal domain is formed such that an azimuth direction
of tilting of liquid crystal molecules in a region between the
rib and the slit is orthogonal to an azimuth direction that the
rib and the slit extend; and the rib has a side face whose taper
angle in a cross section which is orthogonal to an azimuth
direction that the rib extends is 18° or less, and is made of a
material such that a film of the material with a thickness
corresponding to a height of the rib has an OD value of 0.8 or
more.

[0008] In one embodiment, a relative dielectric constant E
of a material of the rib is smaller than an average relative
dielectric constant €, of the liquid crystal material.

[0009] Inoneembodiment, the rib contains a blue pigment
and a red pigment.

[0010] In one embodiment, a pair of polarizers placed in
crossed Nicols are comprised, wherein the rib includes a first
portion and a second portion extending in azimuth directions
which are substantially 90° apart, each of the first portion and
the second portion bisecting an angle between transmission
axes of the pair of polarizers.

[0011] Inone embodiment, the second substrate includes a
wiring line in a region corresponding to each of the plurality
of pixels, the wiring line being made of a material containing
a metal; and the wiring line extends in an azimuth direction
which is parallel or orthogonal to the transmission axes of the
pair of polarizers.

[0012] Inone embodiment, the second substrate includes a
wiring line in a region corresponding to each of the plurality
of pixels, the wiring line being made of a material containing
ametal; and the wiring line is disposed so as to overlap the rib
when viewed from a normal direction of the liquid crystal
layer.

[0013] In one embodiment, a width of the wiring line is
narrower than a width of the rib.

[0014] In one embodiment, a TFT connected to the second
electrode and a storage capacitor are included, wherein, the
wiring line is connected to a drain of the TFT or one of a
plurality of electrodes constituting the storage capacitor.
[0015] In one embodiment, a depolarization ability of the
color filter is defined by the expression: depolarization
ability=color filter (CN)-polarizer (CN)x[color filter (PN)/
polarizer (PN)] (where “color filter (CN)” represents a lumi-
nance when a pair of polarizers sandwiching a color filter
substrate are placed in crossed Nicols (CN); “color filter
(PN)” represents a luminance when a pair of polarizers sand-
wiching a color filter substrate are placed in parallel Nicols
(PN); polarizer (CN) represents a luminance with only a pair
of polarizers placed in crossed Nicols (CN); and polarizer
(PN) represents a luminance with only a pair of polarizers
placed in parallel Nicols (PN)); and a depolarization ability as
converted to white luminance, which is a value of the depo-
larization ability as converted under an assumption that a
luminance of a pair of polarizers placed in parallel Nicols is
500 cd/m?, is 0.05 cd/m? or less.

EFFECTS OF THE INVENTION

[0016] In an MVA-type LCD according to the present
invention, a rib has a side face whose taper angle in a cross
section which is orthogonal to the azimuth direction that the
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rib extends is 18° or less, and is made of a material such that
a film of the material with a thickness corresponding to the
height of the rib has an OD value of 0.8 or more. Thus, the
MVA-type LCD according to the present invention is capable
of displaying with a high contrast ratio.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 A cross-sectional view schematically show-
ing an exemplary fundamental construction of an MVA-type
LCD according to an embodiment of the present invention.
[0018] FIG. 2 A partial cross-sectional view schematically
showing a cross-sectional structure of an LCD 100 according
to an embodiment of the present invention.

[0019] FIG. 3 A schematic plan view showing a pixel por-
tion 1004 of the LCD 100.

[0020] FIG. 4 A diagram showing simulation results of
black displaying states of LCDs whose taper angles of ribs are
different and whose OD values of materials composing the
ribs are different.

[0021] FIG. 5 A diagram showing transmittance distribu-
tions along a line which is orthogonal to an azimuth direction
that ribs 21 extend, where: (a) illustrates the case where the
taper angleis 20°; (b) illustrates the case where the taper angle
is 16°; and (c) illustrates the case where the taper angle is 10°.
[0022] FIG. 6 A graph showing a relationship between the
taper angle of ribs, the OD value, and the amount of light
leakage (luminance) from ribs.

[0023] FIG. 7 (a) is a diagram showing an example of an
actually-measured cross-sectional profile of arib; and (b) is a
diagram showing a taper angle as determined from the cross-
sectional profile of (a).

[0024] FIG. 8 Graphs, with respect to three kinds of ribs
with different maximum taper angles, showing simulation
results of a transmittance in the frontal direction and a trans-
mittance in the direction of a 45° horizontal direction polar
angle, where: (a) and (b) show results of a rib having a
maximum taper angle of 12°; (¢) and (d) show results of a rib
having a maximum taper angle of 15°; and (e) and (f) show
results of a rib having a maximum taper angle of 18°.
[0025] FIG. 9 (a) is a graph for explaining an influence of
the OD of ribs on the luminance of a liquid crystal display
device in a black displaying state, where the horizontal axis
represents polar angle and the vertical axis represents lumi-
nance; and (b) is a graph showing an angular distribution of
outgoing light from a direct type backlight.

[0026] FIG. 10 (a) to (¢) are plan views schematically
showing the constructions of pixel portions of LCDs used for
asimulation, where: (a) is Reference Example; and (b) and (c)
are Examples.

[0027] FIG. 11 A schematic diagram for describing the
cross-sectional profile of a rib used for a simulation.

[0028] FIG. 12 A graph showing black luminances of Con-
structions 1 to 4 studied in a simulation.

[0029] FIG. 13 (a) to (d) are diagrams showing transmit-
tance distributions of the LCD of Construction 3, in a direc-
tion which is orthogonal to an azimuth direction that ribs
extend, showing transmittance distributions 10 ms after a
white displaying voltage is applied across the liquid crystal
layer in a black displaying state.

[0030] FIG. 14 (a) is a graph showing the change over time
of transmittance of a pixel after a white displaying voltage is
applied across the liquid crystal layer in a black displaying
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state; and (b) is a graph showing a relationship between the
highest transmittance and the relative dielectric constant of
the ribs.

DESCRIPTION OF REFERENCE NUMERALS

[0031] 11 first electrode (counter electrode)
[0032] 12 second electrode (pixel electrode)
[0033] 13 liquid crystal layer

[0034] 13A liquid crystal region

[0035] 13a liquid crystal molecule

[0036] 21rib

[0037] 215 slanted side face of rib

[0038] 21a rib (OD value=0.15)

[0039] 215 rib (OD value=0.8)

[0040] 22 slit

[0041] 23 black matrix

[0042] 24a CS line

[0043] 25 drain lead line

[0044] 26 contact hole

BEST MODE FOR CARRYING OUT THE
INVENTION

[0045] With reference to the drawings, the construction of
an MVA-type LCD according to an embodiment of the
present invention will be described in detail.

[0046] First, with reference to FIG. 1, the fundamental con-
struction and operation of the MVA-type LCD according to
the embodiment of the present invention will be described.
[0047] The MVA-type LCD 10A shown in FIG. 1 includes
a plurality of pixels having a first electrode 11, second elec-
trodes 12 opposing the first electrode 11, and a vertical-
alignment type liquid crystal layer 13 provided between the
firstelectrode 11 and the second electrodes 12. In the vertical-
alignment type liquid crystal layer 13, under no applied volt-
age, liquid crystal molecules having a negative dielectric
anisotropy are aligned substantially perpendicular (e.g. no
less than 87° and no more than 90° to the planes of the first
electrode 11 and the second electrodes 12. Typically, it is
obtained by providing a vertical alignment film (not shown)
on a surface, on the liquid crystal layer 13 side, of each of the
first electrode 11 and the second electrodes 12. Note that, in
the case where ribs are provided as domain regulating means,
the liquid crystal molecules will be aligned substantially per-
pendicular to the surface of ribs on the liquid crystal layer
side.

[0048] On the first electrode 11 on the liquid crystal layer
13, ribs 21 are provided as first domain regulating means. On
the second electrodes 12 on the liquid crystal layer 13, slits
(apertures, or portions where the conductive layer does not
exist) 22 are provided as second domain regulating means. In
aliquid crystal region which is defined between a first domain
regulating means and a second domain regulating means,
liquid crystal molecules 13a are subject to orientation regu-
lating forces from the rib 21 and slit 22, and when a voltage is
applied between the first electrode 11 and the second elec-
trode 12, they fall (tilt) in a direction shown by arrows in the
figure. Since the liquid crystal molecules will fall in a uniform
azimuth direction within each liquid crystal region, each lig-
uid crystal region can be regarded as a domain.

[0049] Within each pixel, the ribs 21 and slits 22 are each
provided in a stripe (linear) shape; FIG. 1 is a cross-sectional
view along a direction (azimuth direction) which is orthogo-
nal to the direction that the stripe-shaped domain regulating
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means extend (extending azimuth direction). On both sides of
each of the ribs 21 and slits 22, liquid crystal regions (do-
mains) are formed in which the liquid crystal molecules 13a
fall in azimuth directions which are 180° apart. As used
herein, an “azimuth direction” means a direction within the
display plane of the LCD (i.e., in the layer plane of the liquid
crystal layer), and is typically represented by an azimuth
angle such that the three o’clock direction on a clock face,
which is the display plane, is 0°.

[0050] Theribs 21 of the LCD 10A cause the liquid crystal
molecules 13a to be oriented substantially perpendicular to
the tilted side faces 21s thereof, so that the liquid crystal
molecules 134 are oriented in an azimuth direction which is
orthogonal to the extending azimuth direction of the ribs 21.
When a potential difference is created between the first elec-
trode 11 and the second electrode 12, each slit 22 generates an
oblique electric field in the liquid crystal layer 13 near the
edges of the slit 22, thus causing the liquid crystal molecules
13a to be oriented in azimuth directions orthogonal to the
extending azimuth direction of the slit 22. The ribs 21 and the
slits 22 are disposed parallel to one another, with a constant
interval therebetween, so that a liquid crystal region (domain)
is formed between every adjoining rib 21 and slit 22.

[0051] Generally speaking, a first electrode 11 and a second
electrode 12 may be any electrodes that oppose each other via
the liquid crystal layer 13. In a typical TFT—type LCD, one
of them is a counter electrode, whereas the other is a pixel
electrode. Hereinafter, the embodiment of the present inven-
tion will be described with respect to a case where the first
electrode 11 is a counter electrode and the second electrodes
12 are pixel electrodes. When this construction is adopted, an
advantage is obtained in that the increase in the production
steps can be minimized. Providing slits in the pixel electrodes
does not require any additional steps. On the other hand, as for
the counter electrode, provide ribs will induce a smaller
increase in the number of steps than providing slits.

[0052] Next, with reference to FIG. 2 and FIG. 3, the con-
struction of the MVA-type LCD according to the embodiment
of the present invention will be described more specifically.
FIG. 2is a partial cross-sectional view schematically showing
a cross-sectional structure of the MVA-type LCD 100 of the
embodiment, and FIG. 3 is a plan view of a pixel portion 100a
ofthe LCD 100. Since the LCD 100 has a similar fundamental
construction to that of the LCD 10A in FIG. 1, common
constituent elements will be denoted by like reference numer-
als.

[0053] The LCD 100 includes the vertical-alignment type
liquid crystal layer 13 between a first substrate (e.g. a glass
substrate) 10a and a second substrate (e.g. a glass substrate)
1056. On the surface of the first substrate 10qa facing the liquid
crystal layer 13, the counter electrode 11 is formed and the
ribs 21 are formed further thereupon. A vertical alignment
film (not shown) is formed on essentially the entire surface of
the counter electrode 11 on the liquid crystal layer 13 side,
including the ribs 21. As shown in FIG. 3, the ribs 21 extend
in stripe shapes; adjoining ribs are disposed parallel to each
other, with a constant interval (pitch) P therebetween; and the
width (width in the azimuth direction orthogonal to the
extending azimuth direction) W1 of the ribs 21 is also con-
stant.

[0054] On the surface of the second substrate (e.g. glass
substrate) 105 on the liquid crystal layer 13 side, gate bus
lines (scanning lines) and source bus lines (signal lines) 51
and TFTs (not shown) are provided, and an interlayer insu-
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lating film 52 of a transparent resin film covering them is
formed. The pixel electrodes 12 are formed on the interlayer
insulating film 52. Herein, an interlayer insulating film 52
having a flat surface is provided by using a transparent resin
film with a thickness of no less than 1.5 pm and no more than
3.5 um. This makes it possible for the pixel electrodes 12 to be
partially overlaid on the gate bus lines and/or the source bus
lines, whereby an advantage of improving the aperture ratio is
provided. Instead, by adopting a construction where the inter-
layer insulating film 52 is formed by using an inorganic thin
film (e.g. a silicon oxide film) with a thickness less than 1.5
um, an advantage will be provided in that storage capacitors
can be formed in peripheral portions of the pixel electrodes 12
by utilizing the interlayer insulating film 52, for example.

[0055] Stripe-shaped slits 22 are formed in the pixel elec-
trodes 12, and a vertical alignment film (not shown) is formed
on essentially the entire surface of the pixel electrodes 12,
including the slits 22. The slits 22 are provided so as to extend
in stripe shapes as shown in FIG. 3; adjoining slits 22 are
disposed parallel to each other, so as to substantially bisect the
interval between adjoining ribs 21. The width W2 (the width
in an azimuth direction which is orthogonal to the extending
azimuth direction) of each slit 22 is constant.

[0056] Between the stripe-shaped ribs 21 and slits 22
extending in parallel to one another, stripe-shaped liquid crys-
tal regions 13A having a width W3 are defined. Each liquid
crystal region 13A is restricted in terms of orientation azi-
muth direction by the rib 21 and slit 22 on both sides thereof.
Thus, on both sides of each of the rib 21 and slit 22, liquid
crystal regions (domains) are formed in which liquid crystal
molecules 134 fall in azimuth directions which are 180° apart.
In the LCD 100, as shown in FIG. 3, each of the rib 21 and slit
22 has portions extending in two azimuth directions which are
90° apart. Thus, the pixel portion 100a includes four liquid
crystal regions 13A, the orientation azimuth directions of
whose liquid crystal molecules 13a are 90° apart. The extend-
ing azimuth directions of the ribs 21 and the slits 22 are set to
azimuth directions such that the angle between the transmis-
sion axes of the pair of polarizers which are placed in crossed
Nicols is bisected by each. Although the positioning of the
ribs 21 and slits 22 is not limited to this example, this posi-
tioning will provide good viewing angle characteristics. Note
that, as shown in FIG. 3, in addition to portions extending in
parallel to the slits 22, each rib 21 includes portions which are
parallel to the edge portions of the pixel electrodes 12. These
portions of the ribs 21 are intended to prevent the orientations
of the liquid crystal molecules from being disturbed by
oblique electric fields from the edge portions of the pixel
electrodes 12, and may be omitted.

[0057] The shapes and positioning of the aforementioned
slits and ribs may deviate from the design values under the
influences of variations in the production process, positioning
tolerance when attaching the substrates, etc., and the above
description is not exclusive of such situations. Although the
ribs 21 and slits 22 typically have a constant width as
described above, each slit 22 may locally have a portion with
a narrowed width W2, for example, in order to stabilize the
orientations of the liquid crystal molecules. Inside the slits 22,
the orientation azimuth directions of the liquid crystal mol-
ecules are not constant, and disclinations may occur. How-
ever, by providing portions with a narrowed width W2 here
and there in the slits 22, the disclinations can be fixed, thus
stabilizing the orientations of the liquid crystal molecules.
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[0058] In the LCD 100, the pair of polarizers (not shown)
which are provided on both sides of the first substrate 10a and
the second substrate 105 are disposed so that their transmis-
sion axes are substantially orthogonal to each other (crossed-
Nicols state). By placing the polarizers so that their transmis-
sion axes constitute 45° with respect to each orientation
azimuth direction of all of the four liquid crystal regions 13A
whose orientation azimuth directions are 90° apart, changes
in retardation caused by the liquid crystal region 13A can be
utilized most efficiently. In other words, the polarizers are
preferably disposed so that their transmission axes constitute
substantially 45° with respect to the extending azimuth direc-
tions of the ribs 21 and slits 22. Moreover, in the case of a
display apparatus for which the viewing direction is likely to
be moved horizontally with respect to the display plane, e.g.,
a television set, it is preferable that the transmission axis of
one of the pair of polarizers is in a horizontal direction (3
o’clock-9 o’clock) with respect to the display plane, this
being in order to suppress the viewing angle dependence of
display quality.

[0059] Intheabove-described MVA-type LCD 100 accord-
ing to the embodiment of the present invention, each rib 21
includes side faces having a taper angle (6) of 18° or less in a
cross section which is orthogonal to the azimuth direction that
the rib extends, and is made of a material such that a film of a
thickness that corresponds to the height of a rib has an OD
value of 0.8 or more (a rib having an OD value 0f 0.8 or more
may be referred to as a light-shielding rib). Thus, as a result of
suppressing leakage of light near the side faces of the ribs 21,
the contrast ratio can be increased. The taper angle is prefer-
ably 12° or more, and the OD value is preferably 1.2 or less.
As is well known, an OD value is expressed as —Log I/,
where [, is an incident light amount and I is a transmitted light
amount. As the OD value increases, the transmitted light
amount decreases. In the following, a case will be illustrated
where the rib height is 1.2 um; unless otherwise specified, the
OD value of a film having a thickness of 1.2 um will be
referred to as the OD value of the material of the ribs. It will
be appreciated that, in the case where ribs having any height
which is greater or less than 1.2 um, the OD value at a film
thickness corresponding to that height should satisfy the
aforementioned condition. Although the height of the ribs
depends on the thickness (no less than 3.2 um and no more
than 3.6 um) of the liquid crystal layer, it is preferably 1.0 pm
or more in order to allow a sufficient orientation regulating
force to be exhibited, and preferably 1.3 pm or less from the
standpoint of black display quality.

[0060] FIG. 4 shows simulation results of black displaying
states of LCDs whose taper angles of ribs and whose OD
values of materials composing the ribs are different. The
details of the simulation will be described later. It can be seen
that the luminance at the side faces on both sides of a rib
increases as the taper angle increases from 10°, 12°,16°, 18°,
to 20°. This is because of a non-zero retardation due to liquid
crystal molecules which are oriented perpendicular to the side
faces of the ribs. For, as the taper angle increases, the tilt
angles of the liquid crystal molecules whose orientations are
restricted at the side faces of the ribs will decrease (i.e.,
become closer to being parallel to the liquid crystal layer
plane), thus increasing the retardation and transmittance.

[0061] On the other hand, there is a tendency in that the
luminance at the side faces of the ribs decreases as the OD
value of the material composing the ribs increases. This is
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because a portion of the light having been transmitted through
large-retardation regions near the side faces of the ribs is
absorbed by the ribs.

[0062] FIG. 5 shows transmittance distributions along a
line that is orthogonal to the extending azimuth direction of
theribs 21. FIG. 5(a) represents the case where the taper angle
is 20°; FIG. 5(b) represents the case where the taper angle is
16°; and FIG. 5(c) represents the case where the taper angle is
10°, illustrating the two kinds: ribs having an OD value of
0.15 (which may be referred to as “normal ribs”), and ribs
having an OD value of 0.8 (light-shielding ribs).

[0063] Asis clear from FIGS. 5(a) to (¢), the transmittance
(amount of light leakage from ribs) increases as the taper
angle increases, and the transmittance decreases as the OD
value increases.

[0064] A relationship between the taper angle of the ribs,
the OD value, and the amount of light leakage (luminance)
from ribs thus determined is shown in Table 1 and FIG. 6. As
can be seen from FIG. 6, the amount of light leakage from ribs
increases as the taper angle increases, and the amount of light
leakage from ribs decreases as the OD value increases.
[0065] However, for a taper angle of 10°, a low and essen-
tially constant value is exhibited without depending on the
OD value. This is because orientation regulating forces due to
the side faces of the ribs (the forces which tilt the liquid crystal
molecules) are small. When the taper angle is on the order of
10°, the effects of providing the ribs may not be sufficiently
exhibited. From the standpoint of orientation regulating
force, it is preferable that the taper angle of the ribs is 12° or
more. On the other hand, when the taper angle is 20° or more,
there is a large light leakage amount, and the effects of sup-
pressing leakage of light will be limited even if a rib material
with an OD value of 1.2 is employed. Therefore, it is prefer-
able that the taper angle of the ribs is no less than 12° and no
more than 18°.

[0066] The OD value of the rib material is preferably 0.8 or
more, which will provide an effect of suppressing leakage of
light by about 20% or more relative to the rib material
employed for the LCDs which the Applicants have been
manufacturing and marketing (OD value: 0.15). Moreover, as
can be seen from FIG. 6, when the OD value is 1.0 or more,
the effect of suppressing leakage of light tends to be saturated.
Although there is no particular upper limit to the OD value, it
is preferable that the OD value is 1.2 or less for forming the
ribs through a photolithography process. When the OD value
is above 1.2, problems will occur such as lowering of the
resolution in the photolithography process or a prolonged tact
time. Of course no strict correspondence exists because the
light used in the photolithography process is UV light
whereas the aforementioned OD value is with respect to
visible light; however, the aforementioned relationship is
essentially true, according to the experience of the inventors.
[0067] Note that the evaluations of leakage of light due to
the ribs which have been described with reference to FIG. 4 to
FIG. 6 only concern light entering in a direction which is
perpendicular to the display plane of the LCD, whereas the
light which is emitted from a backlight that is actually used in
an LCD has an angular distribution (see FIG. 9(b), for
example), and there exists light which obliquely enters the
liquid crystal layer.

[0068] Next, with reference to FIG. 7 to FIG. 9, results of
studying the influences of the OD value of the ribs with
respect to light which obliquely enters the liquid crystal layer
will be described.
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[0069] First, an exemplary result of measuring a cross-
sectional profile of a rib is shown in FIG. 7(a). FIG. 7(b)
shows a taper angle as determined by differentiating the
cross-sectional profile of (a).

[0070] The rib shown in FIG. 7(a) was formed by pattern-
ing a photosensitive resin layer with a thickness of 1.2 pm to
a width of 11 pum through a photolithography process. As
shown in FIG. 7(b), the taper angle of the rib changes with
position, and takes the maximum value (hereinafter, “maxi-
mum taper angle”) about 1 um inside of the rib end. The
reason for the flat feet of the cross-sectional profile as shown
in FIG. 7(a) is the influence of an alignment film which is
provided so as to cover the rib, and the rib end can be deter-
mined by extrapolating the cross-sectional profile. The maxi-
mum taper angle in FIG. 7(5) is 16.7°. Note that the maximum
taper angle of the rib can be adjusted by adjusting the ratio
between the thickness of the photosensitive resin layer (i.e.,
the height of the rib) and the width (thickness/width).
[0071] Some of the simulation results of leakage of light
due to ribs, based on the actually-measured rib cross-sec-
tional profile obtained in the above manner, are shown in
FIGS. 8(a) to (f). FIGS. 8(a) to (f) are graphs showing simu-
lation results of a transmittance when only the light emitted in
the frontal direction is considered and a transmittance when
only the light emitted in the 45° polar angle direction is
considered, with respect to ribs having maximum taper angle
s of 12°, 15°, and 18°.

[0072] FIGS. 8(a) and (b) show results of a rib having a
maximum taper angle of 12°; (c¢) and (d) show results of a rib
having a maximum taper angle of 15°; (e) and (f) show results
ofarib having a maximum taper angle of 18°; FIGS. 8(a), (¢),
and (e) show a transmittance of light which is emitted in the
frontal direction; and FIGS. 8(5), (d), and (f) show a trans-
mittance of light which is emitted in the 45° polar angle
direction. The polar angle is 0° in the liquid crystal layer
normal direction; herein, a polar angle when the azimuth
direction (azimuth direction) is in a horizontal direction (3
o’clock-9 o’clock direction) is presented. Note that, in an
MVA-type LCD which performs displaying in the normally
black mode, a pair of polarizers are to be placed in crossed
Nicols. The present evaluations are directed to a construction
where the transmission axis (polarization axis) of one of the
pair of polarizers is disposed in the horizontal direction on the
display plane, whereas the transmission axis of the other is
disposed in the vertical direction. In other words, the polar
angle shown in FIGS. 8(5), (d), and (f) is a polar angle in an
azimuth direction which is parallel to the transmission axis of
one of the pair of polarizers.

[0073] Fromacomparison between FIGS. 8(a), (¢), and (e),
it can be seen that the transmittance of light which is emitted
in the frontal direction increases as the maximum taper angle
increases. It can also be seen that, in each case, the rib (OD=0.
8) with the larger OD has a larger integral value of transmit-
tance (area of the horn-like portions shown in the figure) than
does the normal rib (OD=1.5). This is in accordance with the
above description with reference to FIGS. 4 to 6.

[0074] Next, FIGS. 8(b), (d), and (f) will be referred to.
Firstly, it should be noted that the transmittance of light which
is emitted in the 45° polar angle direction is greater than the
transmittance of light which is emitted in the frontal direction.
The ratio of the transmittance at the polar angle 45° to the
frontal transmittance is, based on a comparison of the respec-
tive maximum values (the values at the tips of the horns in the
figure), about twenty-fold at a maximum taper angle of 18°
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from the comparison between FIG. 8(f) and FIG. 8(e), and as
large as about seventy-fold at a maximum taper angle of 12°
from the comparison between FIG. 8(5) and FIG. 8(a). More-
over, the leakage of light of obliquely-entering light increases
as the maximum taper angle increases.

[0075] Now, attention will be paid to the integral values of
light leakage amounts from two ribs of different OD values.
As for the light leakage amounts (integral values) of light
which enters in the frontal direction as shown in FIGS. 8(a),
(¢), and (e), thereis no large difference between the normal rib
having an OD value of 0.15 and the light-shielding rib having
an OD value of 0.8. Moreover, since the absolute value of the
leakage amount of light which enters in the frontal direction
is small, the effect of employing light-shielding ribs will be
limited. On the other hand, as for the light leakage amounts
(integral values) of light which enters in an oblique direction
(polar angle 45° as shown in FIGS. 8(b), (d), and (f), there is
a clear difference between the normal rib having an OD value
0f'0.15 and the light-shielding rib having an OD value 0f 0.8,
indicative of the fact that use of light-shielding ribs will
improve the black display quality at an oblique viewing angle.
[0076] FIG. 9(a) shows the viewing angle dependence of
luminance in a black displaying state in an actual application
to an MVA-type LCD. Herein, viewing angle is expressed as
an angle from the display plane normal in the horizontal
direction, as in the polar angle in FIG. 8. Herein, as a back-
light, a direct type backlight having an angular distribution of
outgoing light as shown in FIG. 9(b) was employed. More-
over, the frontal luminance of the MVA-type LCD in a white
displaying state was adjusted to 500 cd/m?.

[0077] The results for an MVA-type LCD having normal
ribs with an OD value of 0.15, shown in FIG. 9(a), are mea-
sured values. Specifically, the light amount at each polar
angle in the horizontal direction on the display plane of the
LCD was measured by using EZ Contrast manufactured by
ELDIM.

[0078] Note that the normal ribs in the LCD used herein had
a height of 1.2 um and a width of 11 pm, with a maximum
taper angle of about 16 degrees. The results for an MVA-type
LCD having light-shielding ribs with an OD value of 0.8
shown in FIG. 9(b) are simulated.

[0079] As can be seen from FIG. 9(a), by using light-
shielding ribs, the amount of light leakage (luminance) at
oblique viewing angles can be reduced, and the black display
quality at oblique viewing angles can be improved. Since the
amount of light leakage at oblique viewing angles is as large
as about 4 times the amount of light leakage at the frontal
viewing angle (polar angle 0°), the black display quality can
be significantly improved by reducing the light leakage
amount by about 20% with the light-shielding ribs.

[0080] Moreover, by using light-shielding ribs, variations
in the leakage of light due to ribs, i.e., variations from product
to product with respect to the luminance in a black displaying
state can be reduced. FIGS. 8(5), (d), and (f) will be again
referred to.

[0081] As can be seen from FIGS. 8(b), (d), and (f), the
transmittance of obliquely-entering light increases as the
maximum taper angle increases. Therefore, if the maximum
taper angle of the ribs varies due to variations in the process of
rib formation and the like, the transmittance of obliquely-
entering light will vary. Now, comparing the case of adopting
normal ribs with an OD value 0f 0.15 and the case of adopting
light-shielding ribs with an OD value of 0.8, as has been
described earlier, the transmittance of obliquely-entering
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light will be smaller in the case of adopting light-shielding
ribs. This will naturally result in smaller variations in the
transmittance of obliquely-entering light associated with
variations in the maximum taper angle of the ribs. Conse-
quently, it is possible to reduce variations from product to
product with respect to the luminance in a black displaying
state, in particular the luminance in a black displaying state at
oblique viewing angles.

TABLE 1
taper taper
angle angle  taperangle taperangle taper angle
ODvalue  20° 18° 16° 12° 10°

0.0 0.2062  0.1921 0.1173 0.0540 0.0263
0.15 0.1905  0.1770 0.1071 0.0486 0.0238
0.2 0.1855 0.1722 0.1042 0.0474 0.0235
0.4 0.1684  0.1506 0.0934 0.0423 0.0211
0.6 0.1551 0.1347 0.0851 0.0380 0.0193
0.8 0.1432  0.1211 0.0776 0.0344 0.0176
1.0 0.1330  0.1098 0.0715 0.0315 0.0161
1.2 0.1256  0.1022 0.0670 0.0292 0.0150

amount of light leakage from ribs (unit: cd/m?)

[0082] [Simulation]

[0083] FIGS.10(a)to(c)and Table 2 show constructions of
LCDs which were used for the simulation. FIGS. 10(a) to (¢)
are plan views schematically showing the constructions of
pixel portions of the LCDs used for the simulation. FIG. 10(a)
is contemplated as a pixel portion of an LCD for a 37-inch
WXGA-type liquid crystal television set (Reference
Example), whereas FIGS. 10(54) and (c¢) are applications of
the present invention thereto (Examples). The pixels have a
pitch of 200 um along the horizontal direction, and a pitch of
600 pum along the vertical direction. Also herein, those con-
stituent elements which are common to FIG. 1 to FIG. 3 are
denoted by like reference numerals, and the descriptions
thereof are omitted.

[0084] In all of the LCDs shown in FIGS. 10(a) to (¢), a
liquid crystal material with relative dielectric constants of
€"=3.4, €1 1=6.5, a relative dielectric anisotropy of Ae=-3.1
(both being values at e.g. 1 kHz), and K, ,=14.2 pN, K;,=15.2
pN, y 1=127 mPa-s was used as the liquid crystal material.
The liquid crystal layer had a thickness of 3.4 pm. The simu-
lation was performed with respect to various taper angles (0),
assuming that the ribs 21a (OD value=0.15) and 2156 (OD
value=0.8) had a trapezoidal cross-sectional profile as shown
by a broken line in FIG. 11. Note that the ribs of the actually-
prototype LCDs had a cross-sectional profile such that the
upper corners of the trapezoid are rounded, as shown by a
solid line in FIG. 11. However, it is near the edge portions of
the rib that the leakage of light is largest, and the influences of
differences in the shape of the upper portion of the trapezoid
are not essential. The width of the ribs 21a and 215 (W1 in
FIG. 3) was fixed to 11 pm; their height was fixed to 1.2 um;
and the width of the slits 22 (W2 in FIG. 3) was fixed to 7 pm.
The width of the liquid crystal regions formed between the
ribs 21a or 215 and the slits 22 (W3 in FIG. 3) was 22 um.
[0085] In the LCDs shown in FIGS. 10(a) to (¢), an inor-
ganic insulating film (silicon nitride film) having a thickness
of about 0.5 um is used instead of the interlayer insulating
film 52 shown in FIG. 2, and via this inorganic insulating film,
a storage capacitor (CS) is formed in a portion where a pixel
electrode 12 overlaps a portion of a storage capacitor line
(hereinafter, CS line) 24a that extends within the pixel (here-
inafter simply referred to as “an extended portion™). More-
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over, the end portion of the extended portion of the CS line
24a opposes a drain lead line 25 via the gate insulating film,
thus forming a portion of the storage capacitor. As is well
known, a storage capacitor is a capacitance which is in elec-
trically parallel connection with a liquid crystal capacitor that
is formed by the counter electrode 11/the liquid crystal layer
13/and the pixel electrode 12, and is a capacitance that retains
a voltage (potential difference) at both ends of the liquid
crystal capacitor. In the construction exemplified herein, the
CS line 24a is composed of the same conductive layer as the
gate bus line (not shown, present under the portion of a black
matrix 23 that traverses the central portion of the pixel). A
gate insulating film (not shown) covering them is formed, and
a semiconductor layer composing a TFT is formed further
thereupon, and a conductive layer composing a source elec-
trode, a drain electrode, a source bus line, and a drain lead line
is formed further thereupon (none of them is shown). On an
insulating film covering them, the pixel electrode 12 com-
posed of a transparent conductive layer (typically an ITO
layer) is formed. The pixel electrode 12 is connected to the
drain electrode of the TFT at a contact hole 26 provided in the
insulating film. Similarly to the gate bus line, the TFT (not
shown) is present under the portion of the black matrix 23 that
traverses the central portion of the pixel. Note that the ribs 21a
and the black matrix 23 are provided on the counter substrate
10a (see FIG. 2).

[0086] TheLCD showninFIG.10(d)is obtained by replac-
ing the ribs 21a in the LCD shown in FIG. 10(a), which are
made of a material having an OD value 0f 0.15, with ribs 2156
made of a material having an OD value of 0.8. Whereas the
ribs 21a and 21bhave awidth of 11 um, the wiring lines which
are disposed so as to appear overlapping the ribs 21a or 215
when viewed from the normal direction of the liquid crystal
layer (the extended portions of the CS lines 24 or the drain
lead lines 25) have a width of e.g. 5 um, thus being narrower
than the width of the ribs 21a or the ribs 215 and being %2 or
less of the width of the ribs 21a or the ribs 215.

[0087] Inthe LCD shown in FIG. 10(c), the extended por-
tions of the CS lines 24 and the drain lead lines 25 from the
LCD shown in FIG. 10(4) are not provided so as to overlap the
ribs 215, but are disposed so as to constitute an angle of 45°
with the ribs 215, i.e., in an azimuth direction which is parallel
ororthogonal to the transmission axes of the pair of polarizers
which are placed in crossed Nicols.

TABLE 2
Construction Construction
1 Construction 2 3 Construction 4
FIG. 10(a) FIG. 10(a) FIG. 10(b)  FIG. 10(c)
color filter CF-A CF-B CF-B CF-B
rib R(0.15) R(0.15) R(0.8) R(0.8)
wiring line parallel to parallel to ribs  parallel to 45° against ribs
ribs ribs

[0088] With respect to the above-described constructions,
black luminance was determined through a simulation using
“Expert LCD” manufactured by DAVAN. The obtained
results are shown in Table 3, Table 4, and FIG. 12 below, with
respect to the respective factors (depolarization abilities of
individual elements). Table 3 and FIG. 12 represent the case
where the taper angle 0 is 16°, and Table 4 represents the case
where the taper angle 6 is 18°.
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[0089] Black luminance (cd/m?) was determined from eq.
(1) below.

black luminance=liquid crystal cell (CN)x[500/{mode
efficiencyxliquid crystal cell (PN)}] (1)

[0090] In eq. (1) above, “liquid crystal cell (CN)” repre-
sents a luminance in the case where a pair of polarizers
sandwiching the liquid crystal cell are placed in crossed
Nicols (CN), and “liquid crystal cell (PN)” represents a lumi-
nance in the case where a pair of polarizers sandwiching the
liquid crystal cell are placed in parallel Nicols (PN). More-
over, “500” means 500 cd/m?, which is the white luminance
of the LCD. These luminances were determined through
actual measurement. Measurement of luminance was per-
formed by using a color luminance meter BM-5A manufac-
tured by TOPCON, with a measured field of 2°. Moreover,
“mode efficiency” represents white luminance/liquid crystal
cell (PN) of the LCD, for which 0.72 was used as determined
from measured values. A value which is obtained by dividing
the white luminance value (=500) by the black luminance
value thus determined is the contrast ratio (CR) of each LCD
(CR=500/black luminance).

[0091] Moreover, depolarization abilities (degrees of depo-
larization) of “color filter”, “ribs”, and “wiring line” in Table
3 and Table 4 below were also determined from eq. (1) above.
As for the depolarization ability of “color filter”, the lumi-
nance on the right-hand side of eq. (1) was measured by
employing a cell for color filter evaluation in which glycerin
(pretending to be a liquid crystal layer) was sandwiched
between a substrate having color filters formed thereon (hav-
ing no ribs) and a separately-prepared glass substrate, instead
of a “liquid crystal cell”. Specifically, a black luminance
corresponding to white luminance 500 cd/m? was determined
by multiplying a value, which in itself was obtained through
dividing the luminance of the cell for color filter evaluation
(CN) by [mode efficiencyxcolor filter substrate (PN)] (black
luminance per white luminance 1 cd/m?), by 500. As for the
depolarization ability of “wiring line”, similarly, the lumi-
nance on the right-hand side of eq. (1) was measured by
employing a cell for wiring line evaluation in which glycerin
(pretending to be a liquid crystal layer) was sandwiched
between a TFT substrate having wiring lines formed thereon
and a separately-prepared glass substrate, instead of a “liquid
crystal cell”. As for “ribs”, the luminance on the right-hand
side of eq. (1) was measured by employing a cell for rib
evaluation in which a liquid crystal layer (thickness: 3.4 pm)
was sandwiched between a rib substrate having only ribs
formed on a glass substrate and a separately-prepared glass
substrate, instead of a “liquid crystal cell”. In this cell for rib
evaluation, in order to obtain a vertical-alignment type liquid
crystal layer, vertical alignment films were provided on both
substrates. While glycerin was used in the evaluations of the
depolarization abilities of “color filter” and “wiring line” in
order to eliminate leakage of light due to the liquid crystal
layer, in the evaluation of the depolarization ability of “ribs”,
the vertical-alignment type liquid crystal layer was employed
in order to evaluate leakage of light due to the tilted orienta-
tions of liquid crystal molecules due to the ribs.

[0092] Although the calculation of black luminance was
directed to light of a single wavelength of 550 nm, a good
correlation with the measured values for green light (light
transmitted through green color filters) was obtained for the
prototyped LCDs. The results shown in FIG. 4 to FIG. 6 and
Table 1 above are also based on this simulation, although a
construction having no color filters was employed.
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[0093] The black luminance of the color filters as deter-
mined from eq. (1) above contains a mode efficiency corre-
sponding to the display mode of the LCD (herein, a mode
efficiency of the MVA mode=0.72). A depolarization ability
as unique characteristics of the color filters and unrelated to
the mode of the LCD is defined by eq. (2) below.

depolarization ability=color filter (CN)—polarizer
(CN)x[color filter (PN)/polarizer (PN)] 2)

[0094] In the above, “color filter (CN)” represents a lumi-
nance in the case where a pair of polarizers sandwiching a
color filter substrate are placed in crossed Nicols (CN),
whereas “color filter (PN)” represents a luminance in the case
where a pair of polarizers sandwiching a color filter substrate
are placed in parallel Nicols (PN). Moreover, polarizer (CN)
represents a luminance with only a pair of polarizers placed in
crossed Nicols (CN), whereas polarizer (PN) represents a
luminance with only a pair of polarizers placed in parallel
Nicols (PN).

[0095] Values of the depolarization ability of the respective
color filters as determined from eq. (2), as converted under the
assumption that the luminance of polarizers placed in parallel
Nicols (PN) (referred to as white luminance) was 500 cd/m>
(referred to as “depolarization ability as converted to white
luminance™), were 0.090 for CF-A and 0.048 for CF-B. The
main reason why a color filter exhibits a depolarization ability
is the scattering (or diffuse reflection) by the pigment (or dye)
particles contained in the resin. By fine-graining the pigment
(or dye) particles, e.g., so as to have an average particle size
equal to or less than the wavelength of visible light, the
depolarization ability as converted to white luminance can be
made equal to or less than 0.05.

[0096] Main causes for the leakage of light due to wiring
lines are diffraction and scattering at the edge portions of the
wiring lines. As for the CS lines and drain lead lines, a two
layer structure including an Al layer provided on a Ti layer
was assumed, and diffraction and light scattering at the edge
portions of the wiring lines were taken into consideration.
[0097] Other factors include light scattering at the edge
portions of the pixel electrodes (ITO layer) and leakage of
light from the polarizers placed in crossed Nicols. Although
the details of the individual contributions of other factors are
not necessarily clear, the values of “others” shown in Table 3
and Table 4 are considered reasonable based on the measure-
ment results of black luminance of the prototyped LCDs.

TABLE 3

Construction Construction Construction

1 2 3 Construction 4

FIG. 10(a)  FIG. 10(a) FIG. 10(b) FIG. 10(c)
color filter 0.128 0.058 0.058 0.058
1ib (6 = 16°) 0.107 0.107 0.079 0.080
wiring line 0.064 0.064 0.019 0.007
others 0.063 0.063 0.063 0.063
black 0.362 0.291 0.218 0.207
luminance
(total)
contrast ratio 1382 1717 2293k 2410
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TABLE 4

Construction Construction Construction

1 2 3 Construction 4

FIG.10(a) FIG.10(a) FIG.10(b)  FIG.10(c)
color filter 0.128 0.058 0.058 0.058
rib (6 = 18°) 0.168 0.168 0.123 0.124
wiring line 0.064 0.064 0.019 0.007
others 0.063 0.063 0.063 0.063
black 0.423 0.352 0.262 0.251
luminance
(total)
contrast ratio 1183 1420 1908 1988
[0098] As is clear from Table 3 and FIG. 12, and particu-

larly from FIG. 12, leakages of light due to the color filters
and the ribs are large factors in Construction 1. By replacing
the color filters with those having a low depolarization ability,
as shown in Construction 2, the black luminance is reduced by
about 20%.

[0099] Furthermore, by replacing the ribs having an OD
value of 0.15 to those having an OD value of 0.8, leakage of
light due to the ribs is reduced and also leakage of light from
the wiring line is reduced, whereby the black luminance is
reduced by about 25%. This is because, as shown in FIG.
10(b), wiring lines with a narrower width than that of the ribs
are disposed so as to overlap the ribs in Construction 3,
whereby the scattered light generated at the edge portions of
the wiring lines is absorbed by the ribs. This is in contrast to
the conventional belief that it would be more advantageous,
for blocking the leakage of light due to the ribs, to dispose
wiring lines with a broader width than that of the ribs so as to
overlap the ribs. The influence of the OD value on the leakage
of light due to the ribs has been described with reference to
FIG. 4; it will be seen that, in an actual LCD, disturbed
polarized light which is generated due to other factors (e.g.
scattered light) is absorbed by ribs which are made of a
material having a high OD value, thus resulting in complex
effects. Furthermore, as for the LCD in which the ribs have a
taper angle 0 of 18° as shown in Table 4, by looking at the
effect of changing the OD value of the ribs from 0.15 to 0.8
(i.e., comparing Construction 2 and Construction 3), it will be
seen that the black luminance is reduced by about 25%. Note
that, in order to allow the scattered light from the edges of the
wiring lines to be effectively absorbed by the ribs, the width
of the ribs is preferably broader than the width of the wiring
lines, and more preferably twice as broad or greater than that.

[0100] Next, when Construction 4 is adopted, where the
wiring lines which were disposed so as to overlap the ribs in
Constructions 1 to 3 are provided in a 45° azimuth direction
with respect to the extending azimuth direction of the ribs, so
as to be parallel or orthogonal to the polarization axes of the
polarizers, leakage of light due to the wiring lines is reduced
by 60% or more. When Construction 4 is adopted for an LCD
having a taper angle & of 16° as shown in Table 3 and FIG. 12,
a contrast ratio near 2500 can be realized. Moreover, a con-
trast ratio near 2000 can also be obtained in an LCD having a
taper angle d of 18° as shown in Table 4.

[0101] Thus, by ensuring that the ribs of an MVA-type LCD
have side faces whose taper angle in a cross section which is
orthogonal to an azimuth direction that the ribs extend is 18°
or less, and that the ribs are made of a material having an OD
value (optical density) of 0.8 or more, it becomes possible to
realize displaying with a contrast ratio of 2000 or even more.
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[0102] Note thatarelative dielectric constant E of the mate-
rial of the ribs is preferably smaller than an average relative
dielectric constant (g,,) of the liquid crystal material, and
more preferably equal to or less than 0.9 times € ,,.. The reason
will be described with reference to FIG. 13 and FIG. 14.

[0103] FIGS. 13(a) to (d) are diagrams showing transmit-
tance distributions of an LCD of Construction 3 for which the
aforementioned liquid crystal material (relative dielectric
constant: €"=3.4, €1 =6.5, €,,=5.5) is used, along a direction
which is orthogonal to the azimuth direction that the ribs
extend, showing transmittance distributions 10 ms after a
white displaying voltage is applied across the liquid crystal
layerinablack displaying state. FIG. 13(a) illustrates the case
where the ribs have a relative dielectric constant €=3.4; FIG.
13(b) illustrates €=5.0; FIG. 13(c) illustrates €=5.5; and FIG.
13(d) illustrates €=30. Herein, examples where the ribs have
a taper angle of 18° are illustrated.

[0104] It will be seen that the transmittance in the regions
between the ribs and the slits increase as the relative dielectric
constant E of the material of the ribs increases. Since the ribs
are provided on the liquid crystal layer side of the counter
electrode, the relative dielectric constant of the ribs affects
any electric field which is generated in the liquid crystal layer.
If the relative dielectric constant of the ribs is less than the
relative dielectric constant of the liquid crystal layer, equipo-
tential lines of an electric field which is generated in the liquid
crystal layer will be bent in the opposite direction of the
direction in which the ribs protrude (i.e., bent upward when
the ribs 21 protrude downwards as shown in FIG. 2). There-
fore, orientation regulating forces which are in the same
directions as those of the orientation regulating forces due to
the tilted side faces of the ribs will be applied by the electric
field. Conversely, if the relative dielectric constant of the ribs
is larger than the relative dielectric constant of the liquid
crystal layer, the equipotential lines will be bent in the same
direction as the direction in which the ribs protrude (i.e., bent
downwards in the case illustrated in FIG. 2), and the degree of
the bend will be steeper as the relative dielectric constant
becomes larger. A liquid crystal molecule having a negative
dielectric anisotropy will try to align so that the major axis of
the molecule is parallel to the equipotential lines (so as to be
orthogonal to the electric lines of force). Therefore, when the
dielectric constant of the ribs is large, an electric field will
apply orientation regulating forces in the opposite directions
to the orientation directions of orientation regulating forces
due to the tilted side faces of the ribs. If the orientation
regulating force due to an electric field exceeds the orienta-
tion regulating forces due to the tilted side faces of the ribs,
the orientation directions of the liquid crystal molecules near
the ribs will no longer match the orientation directions of the
liquid crystal molecules whose orientations are restricted by
oblique electric fields of the slits, so that the liquid crystal
molecules in the intermediate regions therebetween will not
be able to stably fall in any direction, thus being aligned
essentially vertically. As a result, as is clearly manifested in
FIGS. 13(c) and (d), the transmittance in the intermediate
regions between the ribs and the slits will decrease.

[0105] FIG. 14(a) is a graph showing the change over time
of transmittance of a pixel after a white displaying voltage is
applied across the liquid crystal layer in a black displaying
state. FIG. 14(b) is a graph showing a relationship between
the highest transmittance and the relative dielectric constant
of the ribs.
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[0106] As will be seen from FIGS. 14(a) and (b), when the
relative dielectric constant of the ribs is 5, a high transmit-
tance is exhibited as in the case where the relative dielectric
constant is 3.4; however, the transmittance is decreased when
the relative dielectric constant of the ribs is 5.5 or more. This
indicates that the relative dielectric constant of the ribs is
preferably less than 5.5 (the average relative dielectric con-
stant €,,=5.5 of the liquid crystal material), and more prefer-
ably equal to or less than 5 (=0.9 times €, ).

[0107] As the material of the ribs, it is preferable to use a
photosensitive resin while employing a photolithography
process, but if carbon black is used as a pigment to be added
to the photosensitive resin in order to increase the OD value to
0.8 or more, for example, a problem will occur in that the
relative dielectric constant will be too large. Therefore, it is
preferable to mix materials with relatively low dielectric con-
stants that are used as pigments for color filters. When a red
pigment and a blue pigment are mixed, an OD value of 0.8 or
more will be obtained across a broad wavelength range of a
visible light spectrum which is centered around green; there-
fore, it is preferable to use pigments of at least these two
colors.

INDUSTRIAL APPLICABILITY

[0108] The present invention is broadly applicable to
MVA-type LCDs directed to purposes which require high
viewing angle characteristics, e.g., liquid crystal television
sets.

1. A liquid crystal display device comprising a plurality of
pixels each including a first electrode, a second electrode
opposing the first electrode, and a vertical-alignment type
liquid crystal layer provided between the first electrode and
the second electrode, wherein,

each of the plurality of pixels includes:

a stripe-shaped rib provided on the first electrode on the
liquid crystal layer and

a stripe-shaped slit formed in the second electrode on the
liquid crystal layer;

when a voltage is applied across the liquid crystal layer, a

liquid crystal domain is formed such that an azimuth
direction of tilting of liquid crystal molecules in a region
between the rib and the slit is orthogonal to an azimuth
direction that the rib and the slit extend; and

the rib has a side face whose taper angle in a cross section

which is orthogonal to an azimuth direction that the rib
extends is 18° or less, and is made of a material such that
a film of the material with a thickness corresponding to
a height of the rib has an OD value of 0.8 or more.

2. The liquid crystal display device of claim 1, wherein a
relative dielectric constant € of a material of the rib is smaller
than an average relative dielectric constant €, of the liquid
crystal material.

3. The liquid crystal display device of claim 1, wherein the
rib contains a blue pigment and a red pigment.
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4. The liquid crystal display device of claim 1, comprising
a first substrate having the first electrode, a second substrate
having the second electrode, and a pair of polarizers placed in
crossed Nicols, wherein
the rib includes a first portion and a second portion extend-
ing in azimuth directions which are substantially 90°
apart, each of the first portion and the second portion
bisecting an angle between transmission axes of the pair
of polarizers.
5. The liquid crystal display device of claim 4, wherein,
the second substrate includes a wiring line in a region
corresponding to each of the plurality of pixels, the
wiring line being made of a material containing a metal;
and
the wiring line extends in an azimuth direction which is
parallel or orthogonal to the transmission axes of the pair
of polarizers.
6. The liquid crystal display device of claim 4, wherein,
the second substrate includes a wiring line in a region
corresponding to each of the plurality of pixels, the
wiring line being made of a material containing a metal;
and
the wiring line is disposed so as to overlap the rib when
viewed from a normal direction of the liquid crystal
layer.
7. The liquid crystal display device of claim 6, wherein a
width of the wiring line is narrower than a width of the rib.
8. The liquid crystal display device of claim 4, including a
TFT connected to the second electrode and a storage capaci-
tor, wherein,
the wiring line is connected to a drain of the TFT or one of
a plurality of electrodes constituting the storage capaci-
tor.
9. The liquid crystal display device of claim 1 4, wherein,
a depolarization ability of the color filter is defined by the
expression:
depolarization ability=color filter (CN) polarizer (CN)x
[color filter (PN)/polarizer (PN)] (where “color filter
(CN)” represents a luminance when a pair of polarizers
sandwiching a color filter substrate are placed in crossed
Nicols (CN); “color filter (PN)” represents a luminance
when a pair of polarizers sandwiching a color filter sub-
strate are placed in parallel Nicols (PN); polarizer (CN)
represents a luminance with only a pair of polarizers
placed in crossed Nicols (CN); and polarizer (PN) rep-
resents a luminance with only a pair of polarizers placed
in parallel Nicols (PN)); and
a depolarization ability as converted to white luminance,
which is a value of the depolarization ability as con-
verted under an assumption that a luminance of a pair of
polarizers placed in parallel Nicols is 500 cd/m?, is 0.05
cd/m? or less.
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