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LIQUID CRYSTAL DISPLAY

[0001] This application claims the priority benefit under35
US.C. §119 of Japanese Patent Application No. 2006-
129869 filed on May 9, 2006, which is hereby incorporated in
its entirety by reference.

BACKGROUND

[0002] 1. Technical Field

[0003] The disclosed subject matter relates to a liquid crys-
tal display of a vertical alignment type. In particular, the
presently disclosed subject matter relates to a liquid crystal
display having a liquid crystal layer with a retardation of
about 600 nm or more and an effective viewing angel com-
pensation structure therefor.

[0004] 2. Description of the Related Art

[0005] Inrecent years, viewing angle compensation means
having a variety of optical characteristics have been proposed
for vertical alignment type liquid crystal displays. In particu-
lar, examples of such viewing angle compensation means
include viewing angle compensation plates.

[0006] Japanese Patent Publication No. Hei 7-69536 dis-
closes a liquid crystal display having a vertical alignment type
liquid crystal cell and first and second polarizing plates which
are cross-Nicol disposed on respective sides of the liquid
crystal cell. In this liquid crystal display, viewing angle com-
pensation means is provided between the liquid crystal cell
and any one of the first and second polarizing plates.

[0007] In the disclosed liquid crystal display, the viewing
angle compensation means comprises a viewing angle com-
pensation plate having three main refractive indices. In this
instance, one of the main refractive indices is smaller than the
other two main refractive indices, and an axis corresponding
to the smallest main refractive index is parallel to the normal
direction of the compensation plate.

[0008] In addition to this, the patent document discloses
that it is effective to utilize a negative uniaxial compensation
plate, so-called “C-plate,” as a viewing angle compensation
plate, which has an optical axis being parallel to the normal
direction of the compensation plate. Further to this, the patent
document also discloses that it is effective to utilize a biaxial
compensation plate, so-called “biaxial plate,” as a viewing
angle compensation plate, which is a medium having biaxial
optical anisotropy and which has a minimum main refractive
index with its axis being parallel to the normal direction of the
compensation plate.

[0009] The invention of Japanese Patent No. 3330574
includes viewing angle compensation means which is pro-
vided between the liquid crystal cell and one polarizing plate
as in the previous case. This viewing angle compensation
means utilize a viewing angle compensation plate, so-called
“biaxial plate,” which has three main refractive indices where
one of the main refractive indices is smaller than the other two
main refractive indices, and an axis corresponding to the
smallest main refractive index is parallel to the normal direc-
tion of the compensation plate. This biaxial plate is arranged
such that larger one of the other two main refractive indices,
namely the delay phase axis in the in-plane direction of the
viewing angle compensation plate, is substantially parallel to
or perpendicular to the absorption axis of the adjacent polar-
izing plate. In this configuration, the patent document dis-
closes that the retardation in an in-plane direction of 120 nm
or less is advantageous.
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[0010] The invention of Japanese Patent No. 3027805
includes viewing angle compensation means which is pro-
vided between the liquid crystal cell and one polarizing plate
as in the previous cases. The viewing angle compensation
means is composed of a so-called A-plate (which has an
optical axis in an in-plane direction and is a positive uniaxial
compensation plate whose refractive index anisotropy is posi-
tive) and a so-called C-plate (which has an optical axis being
parallel to the normal direction of the compensation plate and
is a negative uniaxial compensation plate whose refractive
index anisotropy is negative). In this viewing angle compen-
sation means, the A-plate, the C-plate, and the polarizing
plate are arranged in this order from the liquid crystal cell
side. In this instance, the patent document discloses that the
retardation of the A-plate is advantageously set to 120 nm or
less.

[0011] Japanese Patent Laid-Open Publication No. 2000-
19518 discloses a vertical alignment type liquid crystal dis-
play in which liquid crystals are oriented in an axial symmet-
ric manner in each of liquid crystal areas when a voltage is
applied thereto. It is also disclosed that this liquid crystal
display is advantageously provided with a biaxial plate as
disclosed in Japanese Patent Publication No. Hei 7-69536 or
the publication of Japanese Patent No. 3330574, or a viewing
angle compensation plate prepared by stacking the A-plate
and the C-plate as disclosed in Publication of Japanese Patent
No. 3027805.

[0012] As shown, the inventions disclosed in the publica-
tions of Japanese Patent No. 3330574 and No. 3027805 and
Japanese Patent Laid-Open Publication No. 2000-19518 have
proposed the respective optical compensation plates which
are configured based on the principle of the viewing angle
compensation means provided to the liquid crystal display of
vertical alignment type disclosed in Japanese Patent Publica-
tion No. Hei 7-69536 and are further improved by setting
certain viewing angle compensation conditions.

[0013] Here, Japanese Patent Publication No. Hei 7-69536
does not specifically discuss the product of the birefringence
of the liquid crystal and the cell thickness, namely, the retar-
dation of the liquid crystal layer. In this regard, the publica-
tions of Japanese Patent No. 3330574 and No. 3027805 and
Japanese Patent [aid-Open Publication No. 2000-19518 each
disclose that the advantageous effect can be obtained within a
certain range of retardation values. Specifically, the publica-
tions of Japanese Patent No. 3330574 and No. 3027805 dis-
close that the retardation value of the liquid crystal layer is
advantageously in the range of from 80 nm to 400 nm. Japa-
nese Patent Laid-Open Publication No. 2000-19518 discloses
that the retardation value of the liquid crystal layer is advan-
tageously in the range of from 300 nm to 550 nm.

[0014] Since the liquid crystal displays disclosed in the
publications of Japanese Patent No. 3330574 and No.
3027805 and Japanese Patent Laid-Open Publication No.
2000-19518 are active matrix type liquid crystal displays that
are typically represented by TFT-LCDs, the retardation val-
ues are specifically limited as described above. In other
words, the above-referenced publications do not consider
cases in which a liquid crystal layer in liquid crystal display
has a larger retardation value.

SUMMARY OF THE INVENTION

[0015] Inview of the above-described and other problems,
it is an object of the presently disclosed subject matter to
provide a viewing angle compensation technique that is suit-
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able for a liquid crystal display having a liquid crystal layer
with a high retardation of about 600 nm or more. The liquid
crystal layer having such a high retardation value is not
addressed in vertical alignment type liquid crystal displays
disclosed in the publications of Japanese Patent No. 3330574
and No. 3027805 and Japanese Patent Laid-Open Publication
No. 2000-19518. The presently disclosed subject matter can
provide viewing angle compensation means to obtain a sig-
nificant viewing angle improving effect.

[0016] A viewing angle compensation plate constituting
the viewing angle compensation means can be prepared by
stretching a norbornene-based resin material. However, the
existing processing technique cannot increase the retardation
in the thickness direction of the compensation plate.

[0017] The existing processing technique can manufacture
biaxial plates and C-plates each having a maximum retarda-
tion value of approximately 250 nm in the thickness direction
of the compensation plate when taking stable mass-produc-
tion into consideration. In the case where a deterioration is
allowed which is a reduction in yield within an allowable
range, the existing processing technique can provide compen-
sation plates having a maximum retardation value of approxi-
mately 270 nm.

[0018] In view of these circumstances, the publications of
Japanese Patent No. 3330574 and No. 3027805 and Japanese
Patent Laid-Open Publication No. 2000-19518 disclose tech-
niques in which a viewing angle compensation plate is pro-
vided on both sides of the liquid crystal cell.

[0019] Itshould be noted that an appropriate viewing angle
compensation plate typically has approximately the same
retardation value in its thickness direction as that of the liquid
crystal layer of a liquid crystal display.

[0020] When aliquid crystal display having a liquid crystal
layer whose retardation value is about 600 nm or more is
provided with a viewing angle compensation plate on both
sides of the liquid crystal cell for optimum viewing angle
compensation, the viewing angle compensation plates manu-
factured by the existing processing technique cannot provide
sufficient retardations in the thickness direction of the plate.
[0021] Inview ofthis problem, it is conceivable that two or
more viewing angle compensation plates are stacked to be
provided on both sides of the liquid crystal cell in order to
increase the retardation value by summing up the respective
retardation values in the thickness direction. Even if the liquid
crystal display has such a configuration, when a viewer
observes the liquid crystal display at viewing angles of 40
degrees or more, for example, there is a problem in which
light undesirably passes through the liquid crystal display
even in a normally black display area.

[0022] 1In view of the above-described circumstances, in
one aspect, it is an object of the presently disclosed subject
matter to provide a vertical alignment type liquid crystal
display having a liquid crystal layer whose retardation value
1s 600 nm or more, the liquid crystal display being provided
with a high performance viewing angle compensation com-
ponent(s) which can achieve optimum viewing angle com-
pensation and can solve the viewing angle problems associ-
ated with the wider viewing angle.

[0023] One aspect of the presently disclosed subject matter
is a liquid crystal display which includes: a vertical alignment
type liquid crystal cell having a liquid crystal layer containing
liquid crystal molecules, a retardation of the liquid crystal
layer being configured to be about 600 nm or more; a first
polarizing plate and a second polarizing plate provided to
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respective sides of the liquid crystal cell, the first and second
polarizing plates each having an absorption axis and being
cross-Nicol disposed, the first and second polarizing plates
being disposed such that the respective absorption axes form
apredetermined angle with respect to a direction in which the
liquid crystal molecules are slanted by application of a volt-
age greater than a threshold voltage; a simple-matrix driving
system; a biaxial plate provided between the liquid crystal
cell and the first polarizing plate, the biaxial plate having
refractive indices nx, ny, and nz in in-plane directions and in
the thickness direction, respectively, in which a relationship
of nx>ny>nz is satisfied, the biaxial plate being disposed such
that its delay phase axis in the in-plane direction is perpen-
dicular to the absorption axis of the first polarizing plate; and
a C-plate provided between the liquid crystal cell and the
second polarizing plate, the

[0024] C-plate having refractive indices nx, ny, and nz in
in-plane directions and in the thickness direction, respec-
tively, in which a relationship of nx=ny>nz is satisfied.

[0025] Inthis liquid crystal display in accordance with the
above described aspect, the biaxial plate may have an in-plane
retardation of about 100 nm or less.

[0026] Another aspect of the presently disclosed subject
matter is a liquid crystal display which includes: a vertical
alignment type liquid crystal cell having a liquid crystal layer
containing liquid crystal molecules, a retardation of the liquid
crystal layer being configured to be about 600 nm or more; a
first polarizing plate and a second polarizing plate provided to
respective sides of the liquid crystal cell, the first and second
polarizing plates each having an absorption axis and being
cross-Nicol disposed, the first and second polarizing plates
being disposed such that the respective absorption axes form
apredetermined angle with respect to a direction in which the
liquid crystal molecules are slanted by application of a volt-
age greater than a threshold voltage; a simple-matrix driving
system; a first C-plate and an A-plate provided between the
liquid crystal cell and the first polarizing plate in this order,
the A-plate having refractive indices nx, nv, and nzin in-plane
directions and in the thickness direction, respectively, in
which a relationship of nx>ny=nz is satisfied, the first C-plate
having refractive indices nx, ny, and nz in in-plane directions
and in the thickness direction, respectively, in which a rela-
tionship of nx=ny>nz is satisfied, the A-plate having its opti-
cal axis disposed such that the optical axis is perpendicular to
the absorption axis of the first polarizing plate; and a second
C-plate provided between the liquid crystal cell and the sec-
ond polarizing plate, the second C-plate having refractive
indices nx, ny, and nz in in-plane directions and in the thick-
ness direction, respectively, in which a relationship of
nx=ny>nz is satisfied.

[0027] Inthisliquid crystal display in accordance with the
above described aspect, the A-plate may have an in-plane
retardation of about 100 nm or less.

[0028] Inthe liquid crystal display configured as described
above, the C-plate disposed between the liquid crystal cell
and the second polarizing plate can be formed of two or more
stacked plates.

[0029] In accordance with these aspects of the presently
disclosed subject matter, even when the liquid crystal display
includes a vertical alignment type liquid crystal cell having a
liquid crystal layer whose retardation is about 600 nm or
more, viewing angle compensation can be achieved with high
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accuracy. Furthermore, viewing angle compensation can be
achieved highly effectively and easily implemented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Theseandother characteristics, features, and advan-
tages of the presently disclosed subject matter will become
clear from the following description with reference to the
accompanying drawings, wherein:

[0031] FIG.1is a schematic cross-sectional view showing
the configuration of a liquid crystal display of a first exem-
plary embodiment made in accordance with principles of the
disclosed subject matter;

[0032] FIG.2isasimplified cross-sectional view of a liquid
crystal cell of the liquid crystal display of the first exemplary
embodiment shown in FIG. 1;

[0033] FIG. 3 is a partial enlarged cross-sectional view of
the liquid crystal cell, showing the rubbing direction;

[0034] FIG. 4 is an enlarged cross-sectional view showing
a display unit of the liquid crystal display of the first exem-
plary embodiment;

[0035] FIG. 5 includes (a) through (f) optical characteris-
tics diagrams of a liquid crystal cell, polarizing plates, a
biaxial plate, and C-plates, respectively, all of which consti-
tute the display unit of FIG. 4;

[0036] FIG. 6 is an enlarged cross-sectional view showing
adisplay unitofa liquid crystal display ofa second exemplary
embodiment;

[0037] FIG. 7 includes (a) through (e) optical characteris-
tics diagrams of a liquid crystal cell, polarizing plates, a
biaxial plate, and an optical plate, respectively, all of which
constitute the display unit of FIG. 6;

[0038] FIG. 8 is an enlarged cross-sectional view showing
a display unit of a liquid crystal display of a third exemplary
embodiment;

[0039] FIG. 9 includes (a) through (g) optical characteris-
tics diagrams of a liquid crystal cell, polarizing plates, an
A-plate, and a C-plate, respectively, all of which constitute
the display unit of FIG. 8;

[0040] FIG.10isan enlarged cross-sectional view showing
a display unit of a liquid crystal display of a fourth exemplary
embodiment;

[0041] FIG. 11 includes (a) through (f) optical characteris-
tics diagrams of a liquid crystal cell, polarizing plates, an
A-plate, and a C-plate, respectively, all of which constitute
the display unit of FIG. 10;

[0042] FIG.12isan enlarged cross-sectional view showing
a display unit of a liquid crystal display of a reference
example;

[0043] FIG. 13 includes (a) through (f) optical characteris-
tics diagrams of a liquid crystal cell, polarizing plates, and
biaxial plates, respectively, all of which constitute the display
unit of FIG. 12; and

[0044] FIG. 14 is a graph showing the viewing angle char-
acteristics of liquid crystal displays made in accordance with
the principles of the presently disclosed subject matter and a
liquid crystal display made in accordance with the referenced
technique.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0045] A description will now be given of exemplary
embodiments that are constructed in accordance with prin-
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ciples of the presently disclosed subject matter with reference
to the accompanying drawings.

[0046] FIG. 1 shows a schematic configuration of a liquid
crystal display of a first exemplary embodiment.

[0047] This liquid crystal display can be driven based on a
simple-matrix driving method using a duty ratio of 1/4 or
more.

[0048] The liquid crystal display according to this embodi-
ment includes a liquid crystal cell 11, polarizing plates 12 and
13 disposed on respective sides of the liquid crystal cell 11, a
biaxial plate 14 disposed between the liquid crystal cell 11
and the polarizing plate 12, and two C-plates 15 and 16
disposed between the liquid crystal cell 11 and the polarizing
plate 13.

[0049] In addition to this, the liquid crystal display can
include a backlight unit 17, a drive circuit board 18, and the
like. The components can be enclosed by a resin cover 19, for
example, to constitute a display unit for the liquid crystal
display.

[0050] Itshouldbe noted that hereinafter the side where the
backlight unit 17 is provided is a rear side and the side where
the polarizing plate 12 is provided is a front side.

[0051] FIG. 2 is a schematic cross-sectional view of the
liquid crystal cell 11 described above.

[0052] The liquid crystal cell 11 can include transparent
substrates 22 and 23 made of a glass substrate, for example, a
pair of transparent electrodes 20 and 21 formed thereon, and
liquid crystal 24 interposed therebetween.

[0053] It should be appreciated that the drive circuit board
18, and the pair of transparent electrodes 20 and 21, and the
like can constitute the simple-matrix driving system.

[0054] Orientation films 25 and 26 are formed on the
respective opposed surfaces of the transparent electrodes 20
and 21.

[0055] Tt should be appreciated that the liquid crystal cell
11 is configured as a vertical alignment type liquid crystal cell
in the present exemplary embodiment. The orientation films
25 and 26 can be prepared using a vertical alignment film
SE-1211 manufactured by Nissan Chemical Industries, Ltd.,
and by rubbing the film in the arrow direction of FIG. 3 by
means of rayon rubbing cloth in order to impart a pre-tilt
angle 6 to the liquid crystal 24 molecules.

[0056] The transparent substrates 22 and 23 can be over-
lapped with each other via not-shown gap control materials
with a diameter of 5 um. Liquid crystal manufactured by
Merck Ltd. can be used as the liquid crystal 24, which has a
birefringence An of 0.16 and negative dielectric anisotropy
(when applying a voltage, the liquid crystal molecules are
slanted from a vertical direction).

[0057] Therefore, the liquid crystal layer configured in this
example has a retardation of 800 nm.

[0058] The liquid crystal 24 can be sealed within the gap
between the transparent substrates 22 and 23 by adhering a
sealing material 27 around the transparent electrodes 20 and
21.

[0059] FIG. 4 shows a cross-sectional view of the display
unit including the liquid crystal cell 11, the polarizing plates
12 and 13, the biaxial plate 14, and the C-plates 15 and 16. As
shown inthe drawing, the polarizing plate 12 is attached to the
front side of the liquid crystal cell 11 with the biaxial plate 14
interposed therebetween. The polarizing plate 13 is attached
to the rear side of the liquid crystal cell 11 with the two
C-plates 15 and 16 interposed therebetween.
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[0060] The polarizing plates 12 and 13 are cross-Nicol
disposed as an uppermost layer and an undermost layer of the
display unit such that their absorption axes each forms 45
degrees with the direction in which the liquid crystal mol-
ecules are slanted by rubbing.

[0061] In this instance, the term “cross-Nicol” shall mean
that the absorption axes of the polarizing plates 12 and 13
cross at 90 degrees. It should be appreciated, however, that the
term “cross-Nicol” includes the case where they cross at
approximately 90 degreeszseveral degrees depending on
actual adjustments.

[0062] In the present exemplary embodiment, the biaxial
plate 14 can be a phase difference plate having characteristics
in which refractive indices nx, ny, and nz of the biaxial plate
in in-plane directions and in the thickness direction, respec-
tively, satisfy a relationship of nx>ny>nz. For example, this
biaxial plate 14 may have a retardation in the in-plane direc-
tions of 50 nm and a retardation in the thickness direction of
240 nm, and is disposed such that its delay phase axis in the
in-plane direction is perpendicular to the absorption axis of
the adjacent polarizing plate 12 at the front side.

[0063] In the present exemplary embodiment, the C-plates
15 and 16 each can be a phase difference plate having char-
acteristics in which refractive indices nx, ny, and nz of the
C-plate in in-plane directions and in the thickness direction,
respectively, satisfy a relationship of nx=ny>nz. The C-plates
15 and 16 each have a retardation of 220 nm and are stacked
together.

[0064] FIG. 5 includes (a) through (f) optical characteris-
tics diagrams of the liquid crystal cell 11, the polarizing plates
12 and 13, the biaxial plate 14, and the C-plates 15 and 16,
respectively. FIG. 5(a) shows the absorption axis 12a of the
front side polarizing plate 12, FIG. 5(b) shows the delay phase
axis 14a in the in-plane direction of the biaxial plate 14, and
FIG. 5(c) shows rubbing directions performed on the liquid
crystal cell 11, specifically, in which a dotted arrow 11a is the
rubbing direction performed on the front side substrate, and a
solid arrow 115 1s the rubbing direction performed on the rear
side substrate. In addition to this, FIGS. 5(d) and 5(e) show
the optical axes 15a and 164 of the respective C-plates 15 and
16, respectively (note that the optical axes are in the normal
direction with respect to the surface), and FIG. 5(f) shows the
absorption axis 13a of the rear side polarizing plate 13.

[0065] A description will now be given of a second exem-
plary embodiment. FIG. 6 shows a cross-sectional view of a
display unit of the second exemplary embodiment. FIG. 7
shows the optical characteristics diagrams of a liquid crystal
cell 11, polarizing plates 12 and 13, a biaxial plate 14, and an
optical plate 38, respectively.

[0066] In the second exemplary embodiment the C-plates
of the first exemplary embodiment are replaced with an opti-
cal plate 38. The optical plate 38 is disposed between the
liquid crystal cell 11 and the rear side polarizing plate 13. The
optical plate 38 can be composed of a cholesteric liquid
crystal polymer having a twisted pitch shorter than the wave-
length of visible light.

[0067] Itisknown that the optical plate 38 having the above
described configuration has the similar optical function to the
C-plate. Therefore, the birefringence of cholesteric liquid
crystal and the thickness of the liquid crystal layer can be
controlled to provide a plate having a large retardation, which
cannot be achieved by the prior art technique in which, for
example, a norbornene-based resin material is stretched.
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[0068] In the present exemplary embodiment, the optical
plate 38 is composed of the cholesteric liquid crystal polymer
having a retardation of 440 nm, which is equal to the sum of
the retardations of two C-plates used in the first exemplary
embodiment. This configuration can provide the same or
substantially same effects as that of the first exemplary
embodiment in terms of its optical properties.

[0069] It should be noted that as shown in FIG. 7(d) the
optical axis 38a of the optical plate 38 is in the normal direc-
tion with respect to the surface.

[0070] A description will now be given ofa third exemplary
embodiment. FIG. 8 shows a cross-sectional view of a display
unit of the third exemplary embodiment.

[0071] The present exemplary embodiment is the same as
the firstexemplary embodiment except that the biaxial plateis
replaced with an A-plate 39 and a C-plate 40 between the
liquid crystal cell 11 and the front side polarizing plate 12.
[0072] Inthe present exemplary embodiment, the A-plate
39 can be a phase difference plate having characteristics in
which refractive indices nx, ny, and nz of the A-plate in
in-plane directions and in the thickness direction, respec-
tively, satisfy a relationship of nx>ny=nz. In this example,
this A-plate 39 has a retardation of 70 nm.

[0073] Inadditionto this, the C-plate 40 has a retardation of
200 nm.

[0074] Accordingly, this configuration can provide the
same or substantially same effects as that of the first exem-
plary embodiment in terms of its optical properties.

[0075] FIG. 9 includes (a) through (g) optical characteris-
tics diagrams of'the liquid crystal cell 11, the polarizing plates
12 and 13, the A-plate 39, and the C-plates 40, 15, and 16,
respectively. Specifically, FIG. 9(b) shows an optical axis 39a
of the A-plate 39, and FIG. 9(c) shows an optical axis 40a of
the C-plate 40 (note that the optical axis is in the normal
direction with respect to the surface).

[0076] A description will now be given of a fourth exem-
plary embodiment. FIG. 10 shows a cross-sectional view of a
display unit of the fourth exemplary embodiment.

[0077] Inthe fourth exemplary embodiment the C-plates 15
and 16 of the third exemplary embodiment are replaced with
an optical plate 38 which is described above in connection
with the second exemplary embodiment. This configuration
can provide the same or substantially same effects as that of
the third exemplary embodiment in terms of its optical prop-
erties.

[0078] FIG. 11 includes (a) through (f) optical characteris-
tics diagrams of'the liquid crystal cell 11, the polarizing plates
12 and 13, the optical plate 38, the A-plate 39, and the
C-plates 40, respectively.

[0079] FIG. 12 shows a cross-sectional view of a display
unit of a reference example. This reference example is made
in accordance with the technique of the publication of Japa-
nese Patent No. 3330574, and uses only biaxial plates as
viewing angle compensation means.

[0080] It should be noted that because there is a limit to
increasing the retardation value in the thickness direction
through stretching a norbornene-based resin material, this
reference configuration uses three biaxial plates 41, 42, and
43.

[0081] Asshown in FIG. 12, the biaxial plate 41 is disposed
between the liquid crystal cell 11 having a retardation of 800
nm and the front side polarizing plate 12.

[0082] This biaxial plate 41 is configured to have a retar-
dation in the in-plane direction of 50 nm and a retardation in



US 2011/0304803 Al

the thickness direction of 200 nm, and is disposed such that
the delay phase axis thereof in the in-plane direction is per-
pendicular to the absorption axis of the front side polarizing
plate 12.

[0083] In addition to this, two biaxial plates 42 and 43 are
disposed between the liquid crystal cell 11 and the rear side
polarizing plate 13. The biaxial plates 42 and 43 each have a
retardation in the in-plane direction of 25 nm and aretardation
in the thickness direction of 200 nm. Furthermore, the biaxial
plates 42 and 43 are configured to have respective delay phase
axes in the in-plane direction so that they are parallel to each
other and are perpendicular to the absorption axis of the
adjacent rear side polarizing plate 13.

[0084] FIG. 13 includes (a) through (f) optical characteris-
tics diagrams ofthe liquid crystal cell 11, the polarizing plates
12 and 13, and the biaxial plates 41, 42, and 43, respectively.
Specifically, FIGS. 13(), 13(d) and 13(e) show delay phase
axes 41a, 424, and 43a of the respective biaxial plates 41, 42,
and 43, respectively.

[0085] A description will now be given of the effects of the
presently disclosed subject matter. FIG. 14 is a graph showing
the viewing angle characteristics of liquid crystal displays
made in accordance with the principles of the presently dis-
closed subject matter and a liquid crystal display made in
accordance with the reference technique described above.
This graph shows the change in transmittance when no volt-
age is applied to the liquid crystal display (normally black
display) when the viewing angle is changed towards -90
degrees and +90 degrees in the left and right directions of the
liquid crystal display with respect to zero (0) degree, which is
the direction towards which the liquid crystal molecules are
oriented during the application of voltage (in other words,
when the normal direction is defined as 12-0’clock direction
in a clock, the viewing angle is changed towards 9-o’clock
direction and 3-0’clock direction).

[0086] In this graph, the curve A represents the viewing
angle characteristics of the liquid crystal display of the first
exemplary embodiment (shown in FIGS. 4 and 5) and the
curve B represents the viewing angle characteristics of the
liquid crystal display of the third exemplary embodiment
(shown in FIGS. 8 and 9). The curve C represents the viewing
angle characteristics of the liquid crystal display of the refer-
ence example (shown in FIGS. 12 and 13).

[0087] As understood from the curve C of the viewing
angle characteristics, even though the retardation values in
the in-plane direction and the thickness direction have been
optimized, the transmittance increases when the viewing
angle is changed to 40 degrees or more in the right and left
directions. Therefore, in this reference example, light passes
through the liquid crystal display even in a normally black
display area, which is undesirable. Although the change value
in transmittance is not so large, the change will be reflected on
readily recognizable color tone changes in actual cases. In
addition to this, the reference example shows the asymmetric
viewing angle characteristics as can be seen from the dia-
gram. In particular, when the viewing angle is changed
towards -90 degrees (towards 9-0’clock direction), a signifi-
cant change in transmittance occurred.

[0088] In contrast, the liquid crystal displays made in
accordance with the principles of the presently disclosed
subject matter can show a low transmittance even at the
deeper viewing angles with excellent symmetry as can be
seen from the curves A and B.
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[0089] As described above, various exemplary embodi-
ments of the disclosed subject matter have been described. In
these exemplary embodiments, the retardation values of the
respective compensation plates are configured to provide
excellent viewing angle characteristics when using a vertical
alignment type liquid crystal cell having a retardation of
about 600 nm or more.

[0090] In the described exemplary embodiments, mon-
odomain LCDs using rubbing technique are exemplified. The
disclosed subject matter is not limited thereto, and is appli-
cable to multidomain LCDs because the presently disclosed
subject matter relates to an optical characteristic when no
voltage is applied.

[0091] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

a vertical alignment type liquid crystal cell having a liquid
crystal layer containing liquid crystal molecules, a retar-
dation of the liquid crystal layer being configured to be
about 600 nm or more;

a first polarizing plate and a second polarizing plate pro-
vided to respective sides of the liquid crystal cell, the
firstand second polarizing plates each having an absorp-
tion axis and being cross-Nicol disposed, the first and
second polarizing plates being disposed such that the
respective absorption axes form an angle of 45
degrees+several degrees with respect to a direction in
which the liquid crystal molecules are slanted by appli-
cation of a voltage greater than a threshold voltage;

a first C-plate and an A-plate provided between the liquid
crystal cell and the first polarizing plate in this order, the
first C-plate plate being directly optically coupled to the
liquid crystal cell, the A-plate being directly optically
coupled to the first C-plate plate and the first polarizing
plate, respectively, the A-plate having refractive indices
nx, ny, and nz in in-plane directions and in a thickness
direction, respectively, in which a relationship of
nx>ny=nz is satisfied, the first C-plate having refractive
indices nx, ny, and nz in in-plane directions and in a
thickness direction, respectively, in which a relationship
of nx=ny>nz is satisfied, the A-plate having its optical
axis disposed such that the optical axis is substantially
perpendicular to the absorption axis of the first polariz-
ing plate; and

a second C-plate provided between the liquid crystal cell
and the second polarizing plate, the second C-plate
being directly optically coupled to the liquid crystal cell
and the second polarizing plate, respectively, the second
C-plate having refractive indices nx, ny, and nz in in-
plane directions and in a thickness direction, respec-
tively, in which a relationship of nx=ny>nz is satisfied.

2. The liquid crystal display according to claim 1, wherein
the A-plate has a retardation in the in-plane direction of about
100 nm or less.

3. The liquid crystal display according to claim 1, wherein
the C-plate disposed between the liquid crystal cell and the
second polarizing plate is formed of two or more stacked
C-plates.

4. The liquid crystal display according to claim 2, wherein
the C-plate disposed between the liquid crystal cell and the
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second polarizing plate is formed of two or more stacked second polarizing plate is formed of a cholesteric liquid crys-
C-plates. tal polymer.

5. The liquid crystal display according to claim 1, wherein
the C-plate disposed between the liquid crystal cell and the L
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