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7) ABSTRACT

This invention provides a vertically aligned liquid crystal
display, including a first polarizing plate and a second polar-
izing plate having absorption axes perpendicular to each other
and a vertically aligned panel provided therebetween and
including vertically aligned liquid crystals having negative
dielectric anisotropy, in which a +A-film and a +C-film are
provided between the first polarizing plate and the vertically
aligned panel, the +C-film is positioned between the first
polarizing plate and the +A-film, and the optic axis of the
+A-film is parallel to or perpendicular to the absorption axis
of the first polarizing plate. According to this invention, the
contrast of the vertically aligned liquid crystal display can be
improved at surface-facing angle and tilt angle thereof and the
color shift depending on the viewing angle in a dark state can
be minimized, thus greatly increasing the viewing angle
range of the vertically aligned liquid crystal display.
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[Fig. 3]
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[Fig. 5]
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VERTICALLY ALIGNED LIQUID CRYSTAL
DISPLAY HAVING A WIDE VIEWING
COMPENSATION FILM USING +A-FILM AND
+C-FILM

TECHNICAL FIELD

[0001] The present invention relates, generally, to a liquid
crystal display (LCD), and more particularly, to a vertically
aligned LCD (hereinafter, referred to as “VA-LCD”), filled
with liquid crystals having negative dielectric anisotropy
(AE<0), having a wide viewing angle compensation film
using a +A-film and +C-film to improve contrast properties at
surface-facing angle and tilt angle and to minimize a color
shift depending on the viewing angle in a dark state so as to
improve wide viewing angle properties.

BACKGROUND ART

[0002] Typically, LCDs, which have recently become
widely used in the flat display field, suffer because they have
anarrow viewing angle. The reasons why an image is differ-
ently displayed depending on the viewing angle in LCDs are
that, first, there are problems related to the anisotropy of
liquid crystals, and, second, a polarizing plate is deficient.
[0003] Thus, inordertoimprove a wide viewing angle of an
LCD, a completely dark state and uniform brightness are
required. In particular, the VA-LCD, in which the initial ori-
entation of liquid crystals is in the vertical direction, unlike a
TN mode, has two problems in regard to deteriorating view-
ing angle properties, that is, first, the dependence of perfor-
mance of perpendicular polarizing plates on the viewing
angle, and second, the dependence of the birefringence of the
VA-LCD panel on the viewing angle.

[0004] Various attempts have been made to overcome the
obstacles preventing realization of a wide viewing angle of
LCDs attributed to such requirements and problems. As spe-
cific techniques for improvement, a method of using a view-
ing angle compensation film for compensating for a narrow
viewing angle by changing And (multiplication of birefrin-
gence by thickness of aliquid crystal panel) depending on the
angle, and a multidomain mode using a pixel, divided into a
plurality of domains to improve a viewing angle, have been
proposed.

[0005] As a specific example for improving the wide view-
ing angle of the VA-LCD using the viewing angle compen-
sation film, a VA-LCD using a -C-plate compensation film
(nx=ny>nz, where nx is the in-plane refractive index in the
X-axis direction, ny is the in-plane refractive index in the
Y-axis direction, and nz is the refractive index in the Z-axis
direction, that is, the thickness direction) for compensating
for the dark state of a VA-LLCD when voltage is not applied is
disclosed in U.S. Pat. No. 4.889,412. However, since the
VA-LCD including only the -C-plate compensation film does
not completely compensate therefor, light undesirably leaks
at tilt angles.

[0006] In U.S. Pat. No. 6,141,075, a compensation film
comprising a C-plate compensation film and an A-plate com-
pensation film is disclosed, in which compensation for the
dark state of the VA-LCD when voltage is not applied is said
to be more efficiently realized than in other conventional
cases. However, this patent suffers because the minimum
contrast ratio at a tilt angle of 70° in a dark state is merely
20:1. Hence, to meet the goal of completely compensating for
aviewing angle, contrast at surface-facing angle and tilt angle
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of LCDs should be improved, and the problem of color shift
depending on the viewing angle in a dark state should be
solved.

DISCLOSURE OF INVENTION
Technical Problem

[0007] Accordingly, the present invention has been devised
to solve the problems mentioned above, and an object of the
present invention is to provide a VA-LCD having an improved
wide viewing angle by realizing high contrast properties at
surface-facing angle and tilt angle of the VA-LCD due to
minimum leakage of light in a dark state.

[0008] Another object of the present invention is to provide
an achromatic VA-LCD capable of minimizing color shift
depending on the viewing angle in a dark state.

[0009] The present inventors have found out that it is effec-
tive to use a +A-film and a +C-film so as to minimize the
leakage oflight in a dark state and to minimize a color shift in
a dark state, and to compensate a viewing angle.

[0010] Further, they have found out that the +C-film should
be disposed between a polarizing plate adjacent thereto and
the +A-film, and that the optic axis of the +A-film should be
perpendicular to or parallel to the absorption axis of the
adjacent polarizing plate. Furthermore, the in-plane or thick-
ness retardation value of the +A-film and +C-film has been
found to vary with the retardation value of the internal pro-
tective film of the polarizing plate.

[0011] Based on the above facts, the present invention is
characterized in that one or more +A-films and +C-films are
appropriately disposed between the polarizing plate and the
VA-panel, such that the leakage of light in a dark state of the
VA-LCD is minimized so as to achieve high contrast, and
color shift depending on the viewing angle in a dark state is
minimized.

Technical Solution

[0012] Inordertoaccomplish the above objects, the present
invention provides a VA-LCD using a +A-film and a +C-film
as a wide viewing angle compensation film.

[0013] Specifically, the present invention provides a VA-
LCD comprising a first polarizing plate and a second polar-
izing plate having absorption axes perpendicular to each other
and a VA-panel provided therebetween and including verti-
cally aligned liquid crystals having negative dielectric anisot-
ropy, in which one ormore first +A-films and one or more first
+C-films are provided between the first polarizing plate and
the VA-panel, the first +C-film is positioned between the first
polarizing plate and the first + A-film, and the optic axis of the
first +A-film is perpendicular to or parallel to the absorption
axis of the first polarizing plate.

[0014] Further, in the structure of the VA-LCD having one
or more first +A-films and first +C-films between the first
polarizing plate and the VA-panel, a second +A-film is pro-
vided between the second polarizing plate and the VA-panel,
or a second +A-film and a second +C-film are provided ther-
ebetween, and the optic axes of the first +A-film and the
second +A-film are perpendicular to or parallel to the absorp-
tion axis of the respective adjacent polarizing plate.

[0015] In addition, the present invention provides a VA-
LCD including a first +A-film and a first +C-film having a
retardation value in a preferred range depending on the con-
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figuration of the optic axis of the first +A-film or second
+A-film and whether the second +A-film or the second
+C-film is included.

[0016] In addition, the present invention provides a VA-
LCD using a film having no thickness retardation value or a
negative thickness retardation value as an internal protective
film of the polarizing plate affecting the viewing angle prop-
erties of the VA-LCD. In the VA-LCD according to the
present invention, the +A-film or the +C-film may function as
the internal protective film of the polarizing plate.

Advantageous Effects

[0017] According to the present invention, the VA-LCD is
advantageous because it has improved contrast at surface-
facing angle and tilt angle thereof and because a color shift
depending on the viewing angle in a dark state can be mini-
mized, thus greatly increasing the viewing angle of the VA-
LCD.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG.1isaview schematically showing the structure
ofa VA-LCD comprising a +A-film and a +C-film, according
to a first embodiment of the present invention.

[0019] FIG.2isaview schematically showing the structure
of aVA-LCD comprising a +A-film and a +C-film, according
to a second embodiment of the present invention.

[0020] FIG.3isaview schematically showing the structure
of a VA-LCD comprising two +A-films and a +C-film,
according to a third embodiment of the present invention.
[0021] FIG.4isaview schematically showing the structure
of a VA-LCD comprising two +A-films and a +C-film,
according to a fourth embodiment of the present invention.
[0022] FIG.5isaview schematically showing the structure
of a VA-LCD comprising two +A-films and two +C-films,
according to a fifth embodiment of the present invention.
[0023] FIG. 6is a view schematically showing the structure
of a VA-LCD comprising two +A-films and two +C-films,
according to a sixth embodiment of the present invention.
[0024] FIG.7isaview schematically showing the structure
of a VA-LCD comprising two +A-films and two +C-films,
according to a seventh embodiment of the present invention.
[0025] FIG. 8 is a view showing the result of simulation of
the contrast ratio of the VA-LCD according to the first
embodiment of the present invention when using white light
and varying the tilt angle in the range of 0~80° at intervals of
20 with respect to the entire radius angle.

[0026] FIG.9 is a view showing the result of simulation of
the contrast ratio of the VA-LCD according to the second
embodiment of the present invention when using white light
and varying the tilt angle in the range of 0~80° at intervals of
2° with respect to the entire radius angle.

[0027] FIG.10is aview showing the result of simulation of
the contrast ratio of the VA-LCD according to the third
embodiment of the present invention when using white light
and varying the tilt angle in the range of 0~80° at intervals of
2° with respect to the entire radius angle.

[0028] FIG.11is aview showing the result of simulation of
the contrast ratio of the VA-LCD according to the fourth
embodiment of the present invention when using white light
and varying the tilt angle in the range of 0~80° at intervals of
2° with respect to the entire radius angle.

[0029] FIG.12is aview showing the result of simulation of
the contrast ratio of the VA-LCD according to the fifth
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embodiment of the present invention when using white light
and varying the tilt angle in the range 0f 0~80° at intervals of
2° with respect to the entire radius angle.

[0030] FIG. 13 is aview showing the result of simulation of
the contrast ratio of the VA-LCD according to the sixth
embodiment of the present invention when using white light
and varying the tilt angle in the range of 0~80° at intervals of
2° with respect to the entire radius angle.

[0031] FIG. 14 is a view showing the result of simulation of
the contrast ratio of the VA-LCD according to the seventh
embodiment of the present invention when using white light
and varying the tilt angle in the range of 0~80° at intervals of
2° with respect to the entire radius angle.

MODE FOR THE INVENTION

[0032] Hereinafter, a detailed description will be given of
the present invention.

[0033] The LCD according to the present invention is a
VA-LCD in which the optic axis of liquid crystals in a VA-
panel is perpendicular to a polarizing plate. Particularly, the
LCD of the present invention comprises a VA-panel in which
liquid crystals having negative dielectric anisotropy (A&<0)
are filled between two substrates, and a first polarizing plate
and a second polarizing plate that are disposed on respective
sides of the VA-panel, in which the absorption axis of the first
polarizing plate is perpendicular to the absorption axis of the
second polarizing plate. Both the first polarizing plate and the
second polarizing plate may have an internal protective film
and an external protective film.

[0034] In the present invention, the VA-LCD preferably
adopts an MVA (Multidomain Vertically Aligned) mode or a
VA mode using a chiral additive. In addition, a cell gap of a
liquid crystal cell consisting of the VA-panel preferably is 3~8
0

[0035] In the present invention, one or more +A-films and
one or more +C-films are disposed between the first and/or
second polarizing plate and the VA-panel of the VA-LCD
having the above structure. The structure of the VA-LCD for
compensating for the wide viewing angle using the +A-film
and +C-film according to the present invention should satisfy
the following general requirements.

[0036] That is, the VA-panel is positioned between the first
polarizing plate and second polarizing plate having absorp-
tion axes perpendicularto each other, a first + A-film and a first
+C-film are positioned between the first polarizing plate and
the VA-panel, the first +A-film is disposed adjacent to the
VA-panel, and the first +C-film is disposed between the first
+A-film and the polarizing plate.

[0037] In such a case, the optic axis of the first +A-film
should be perpendicular to or parallel to the absorption axis of
the first polarizing plate. Based on the configuration of the
optic axis of the first +A-film perpendicular to or parallel to
the absorption axis of the first polarizing plate, the in-plane
retardation value of the first +A-film and the thickness retar-
dation value of the first +C-film are changed, thus obtaining
preferred embodiments having various structures.

[0038] The VA-LCD, which satisfies the above-mentioned
requirements, may further comprise one or more second
+A-films between the second polarizing plate and the VA-
panel, or one or more second +A-films and one or more
second +C-films between the second polarizing plate and the
VA-panel. In such cases, the in-plane retardation value of the
+A-film and the thickness retardation value of the +C-film
vary depending on the direction of the optic axis of the
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+A-film disposed adjacent to the first polarizing plate and/or
second polarizing plate, thus obtaining various preferred
embodiments.

[0039] The retardation film of the +A-film and +C-film
used as the viewing angle compensation film may be defined
as follows.

[0040] When the refractive index in an x-axis direction of
the in-plane refractive index is represented by 11x, the refrac-
tive index in a y-axis direction of the in-plane refractive index
is represented by ny, and the refractive index in a z-axis
direction as a thickness direction is represented by nz, the
+A-film, which is used as a first type viewing angle compen-
sation film, is as defined in Equation 1 below, and the +C-film,
which is used as a second type viewing angle compensation
film, is as defined in Equation 2 below:

nx>ny=nz Equation 1
HX=Hy<nz Equation 2
[0041] As such, when the thickness of the film is repre-

sented by d, the in-plane retardation value is as defined in
Equation 3 below, and the thickness retardation value is as
defined in Equation 4 below.

R, =(nx-ny)xd Equation 3

R =(nz-ny)xd

[0042] Examples of +A-film having the in-plane refractive
index properties mentioned above include a stretched
cycloolefin polymer film, a stretched polycarbonate (PC)
film, a horizontally aligned UV curing type liquid crystal
film, ete. In addition, examples of +C-film having the thick-
ness refractive index mentioned above include a vertically
aligned UV curing type liquid crystal film, a biaxially
stretched polymer film, etc.

[0043] Of the internal protective film and external protec-
tive film of the polarizing plate, the internal protective film of
the polarizing plate affects the viewing angle properties of the
VA-LCD, and in particular, the retardation value of the inter-
nal protective film greatly affects the viewing angle properties
of the VA-LCD. Thus, the viewing angle compensation film
of the VA-LCD should be designed in consideration of the
retardation value of the internal protective film of the polar-
izing plate. In this way, the internal protective film of the
polarizing plate is preferably exemplified by a film having no
thickness retardation value, or having a negative thickness
retardation value. Specific examples of the internal protective
film of the polarizing plate include an un-stretched cycloole-
fin polymer (COP) film having a retardation value close to 0,
a triacetate cellulose (TAC) film having a retardation value of

Equation 4

Aug. 28, 2008

0, atriacetate cellulose film and a polynorbornene (PNB) film
having a negative retardation value, etc.

[0044] Further, in order to improve the wide viewing angle
while simplifying the structure of the VA-panel of the VA-
LCD of'the present invention, the +A-film may be used as the
internal protective film of the polarizing plate, or the +C-film
may be used as the internal protective film of the polarizing
plate.

[0045] Below, the preferred embodiments of the present
invention are described with reference to the drawings.
[0046] FIG. 1 shows the structure of a VA-LCD having a
+A-film and a +C-film, according to a first embodiment of the
present invention, the major characteristics of which are as
follows.

[0047] Asshown in FIG.1,a +A-film 7 and a +C-film 6 are
disposed between a first polarizing plate 1 and a VA-LCD
panel 5, and the +C-film 6 is disposed between the first
polarizing plate 1 and the +A-film 7. That is, the +A-film 7 is
disposed adjacent to the VA-LCD panel 5.

[0048] As such, the optic axis 8 of the +A-film 7 is perpen-
dicular to the absorption axis 2 of the first polarizing plate 1
that is disposed adjacent thereto.

[0049] In the VA-LCD according to the first embodiment,
with the aim of minimizing the leakage of light in a dark state,
the in-plane retardation value of the +A-film 7 preferably
ranges from 130 nm to 300 nm at a wavelength of 550 nm, and
the thickness retardation value of the +C-film 6 preferably
ranges from 10 nm to 400 nm at a wavelength of 550 nm.
[0050] Examples of the internal protective film of the polar-
izing plate include an un-stretched cycloolefin polymer
(COP) film having a retardation value close to 0, a triacetate
cellulose (TAC) film having a retardation value of 0, a triac-
etate cellulose film and a polynorbornene (PNB) film having
a negative retardation value, etc.

[0051] Examples of the +A-film 7 include a stretched
cycloolefin polymer film, a stretched polycarbonate (PC)
film, a horizontally aligned UV curing type liquid crystal
film, etc. In addition, examples of the +C-film 6 include a
vertically aligned UV curing type liquid crystal film, a biaxi-
ally stretched polymer film, etc. The +C-film 6 may be used as
the internal protective film of the polarizing plate.

[0052] InTable 1 below are summarized the results of simu-
lation of the contrast properties at a tilt angle of 70° performed
while varying each of the following conditions: a) the retar-
dation value of the +A-film 7, b) the retardation value of the
+C-film 6, and ¢) the type of internal protective film of the first
polarizing plate 1 and the second polarizing plate 3, which are
design values for practical retardation films disposed as in
FIG. 1.

TABLE 1
Internal Internal
Protective Protective
Film of 2nd Film of 1st
Polarizing Polarizing Minimum
Plate Retardation +A-Film +C-Film Plate Contrast Ratio
(Retardation ~ Value of (Retardation  (Retardation (Retardation  at Tilt Angle
Value) VA-Panel Value) Value) Value) of 70°
Ccop 330 nm A-COP +C-Film Ccorp 5
(0 om) (256 nm) of LC {0 nm)
(300 nm)
TAC A-COP +C-Film TAC 15
(-64 nm) (250 nm) of LC (-64 nm)

(320 nmy)
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TABLE 1-continued
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Internal Internal
Protective Protective
Film of 2nd Film of 1st
Polarizing Polarizing Minimum
Plate Retardation +A-Film +C-Film Plate Contrast Ratio
(Retardation ~ Value of (Retardation  (Retardation (Retardation  at Tilt Angle
Value) VA-Panel Value) Value) Value) of 70°
TAC A-COP +C-Film TAC 45
(-128 nm) (225 nm) of LC (-128 nm)
(294 nm)
PNB A-COP +C-Film PNB 130
(-192 nm) 200 nm) of LC (-192 nm)
(278 nm)
PNB A-COP Polystyrene PNB 130
(=192 nm) (200 nm) (247 nm) (-192 nm)
PNB A-COP +C-Film PNB 150
(=220 nm) (137 nm) of LC (~200 nm)
(214 nm)
PNB A-COP +C-Film PNB 140
(=220 nm) (187 nm) of LC (-200 nm)
(270 nm)
PNB +A-Film of +C-Film PNB 150
(=220 nm) Cured LC of L.C (-220 nm)
(180 nmy) (270 nm)
PNB +A-Film of — Polystyrene 80
(=217 nm) Cured LC (=50 nm)
(200 nm)
PNB Polycarbonate +C-Film PNB 160
(-212 nm) (190 nm) of LC (-212 nm)
(270 nm)
[0053] Referring to the results of Table 1, when the +A-film cent thereto, and/or the retardation value of the internal pro-

and the +C-film are disposed according to the structure of
FIG. 1 and the retardation values of the films and the internal
protective films of the polarizing plates are set as in Table 1,
the minimum contrast ratio at a tilt angle of 70° in a dark state
is determined to be good upto the range from 130:1 to 150:1
depending on set conditions. Compared to U.S. Pat. No.
6,141,075, which uses a -C-plate compensation film and an
A-plate compensation film, in which the minimum contrast
ratio at a tilt angle of 70° is merely 20:1, the VA-LCD accord-
ing to the first embodiment of the present invention is con-
firmed to have excellent contrast properties.

[0054] FIG. 2 shows the structure of a VA-LCD according
to a second embodiment of the present invention. The struc-
ture of this VA-LCD has the following features.

[0055] The structure of FIG. 2 has the constituents and
configuration sequence, same as the structure of FIG. 1, with
the exception that the optic axis 8 of a +A-film 7 disposed
between a VA-LCD panel 5 and a +C-film 6 is parallel to the
absorption axis 2 of a first polarizing plate 1.

[0056] In the present invention, the concept including the
structure according to the first embodiment, in which the
optic axis 8 of the +A-film 7 is perpendicular to the absorption
axis 2 of the first polarizing plate 1, and the structure accord-
ing to the second embodiment, in which the optic axis 8 of the
+A-film 7 is parallel to the absorption axis 2 of the first
polarizing plate 1, that is, the concept in which the optic axis
of the +A-film is perpendicular to or parallel to the absorption
axis of the first polarizing plate, is regarded as the basic
structure. In addition, the in-plane retardation value of the
+A-film, the thickness retardation value of the +C-film adja-

tective film of the polarizing plate vary depending on the
configuration of the optic axis of the +A-film.

[0057] According to the second embodiment, in order to
minimize the leakage of light in a dark state, the in-plane
retardation value of the +A-film 7 preferably ranges from 130
nm to 300 nm at a wavelength of 550 nm, and the thickness
retardation value of the +C-film 6 preferably ranges from 200
nm to 600 nm at a wavelength of 550 nm.

[0058] Examples of the internal protective film of the polar-
izing plate include an un-stretched cycloolefin polymer
(COP) film having a retardation value close to 0, a triacetate
cellulose (TAC) film having a retardation value of 0, a triac-
etate cellulose film and a polynorbornene (PNB) film having
a negative retardation value, etc.

[0059] Examples of the +A-film 7 include a stretched
cycloolefin polymer film, a stretched polycarbonate film, a
horizontally aligned UV curing type liquid crystal film, etc. In
addition, examples of the +C-film 6 include a vertically
aligned UV curing type liquid crystal film, a biaxially
stretched polymer film, etc. The +C-film 6 may be used as the
internal protective film of the polarizing plate.

[0060] InTable 2 below are summarized the results of simu-
lation of the contrast properties at a tilt angle of 70° performed
while varying each of the following conditions: a) the retar-
dation value of the +A-film 7, b) the retardation value of the
+C-film 6, and c) the type of internal protective film of the first
polarizing plate 1 and the second polarizing plate 3, which are
design values for practical retardation films disposed as in
FIG. 2.
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TABLE 2
Internal Internal
Protective Protective
Film of 2nd Film of 1st
Polarizing Polarizing Minimum
Plate Retardation +A-Film +C-Film Plate Contrast Ratio
{(Retardation ~ Value of (Retardation  (Retardation (Retardation  at Tilt Angle
Value) VA-Panel Value) Value) Value) of 70°
COP 330 nm A-COP +C-Film COP 4
(0 nm) (250 nm) of LC (0 nm)
(330 nm)
TAC A-COP +C-Film TAC 10
(-64 nm) (250) of L.C (-64 nm)
(320 nm)
TAC A-COP +C-Film TAC 40
(-128 nm) (240 nm) of LC (-128 nm)
(330 nm)
PNB A-COP +C-Film PNB 75
(=192 nm) (210 nm) of LC (-192 nm)
(372 nm)
PNB A-COP +C-Film PNB 100
(=300 nm) (137 nm) of L.C (-220 nm)
(362 nm)
PNB A-COP +C-Film PNB 120
(=270 nm) (160 nm) of LC (-220 nm)
(365 nm)
PNB Polycarbonate ~ +C-Film PNB 120
(=270 nm) (165 nm) of LC (-220 nm)
(357 nm)
PNB Polycarbonate  Polystyrene PNB 140
(=270 nm) (165 nm) (324 nm) (-220 nm)
PNB +A-Filmof  Polystyrene PNB 120
(-240 nm) Cured L.C (334 nm) (-220 nm)
(185 nmy)
PNB +A-Film of — Polystyrene 125
(=240 nm) Cured LC (-115 nm)
(185 nm)
PNB +A-Film of +C-Film PNB 95
(-280 nm) Cured L.C of LC (-350 nm)
(180 nmy) (495 nm)
[0061] From the results of Table 2, which are similar to the thickness retardation value of the +C-film 6 preferably

those of Table 1 according to the first embodiment, when the
+A-film and the +C-film are disposed according to the struc-
ture of the second embodiment and the retardation values of
the films and the protective films of the polarizing plates are
appropriately set, it can be confirmed that the minimum con-
trast ratio at atilt angle of 70° in a dark state is good depending
on set conditions and that the leakage of light in a dark state is
minimized.

[0062] FIG. 3 shows the structure of a VA-LCD according
to a third embodiment of the present invention, which is
different from the structure according to the first embodiment
in that a second +A-film 9 is further provided between the
second polarizing plate and the VA-panel of the structure of
FIG. 1, and the optic axis 10 of the second +A-film 9 is
perpendicular to the absorption axis 4 of a second polarizing
plate 3 adjacent thereto.

[0063] In the structure of FIG. 3, in order to minimize the
leakage of light in a dark state, as in the structures according
to the first and second embodiments, the first +A-film 7, the
second +A-film 9, and the +C-film 6 also have the range of
preferred retardation values. According to the third embodi-
ment, the in-plane retardation value of the +A-film 7 prefer-
ably ranges from 180 nm to 250 nm at a wavelength of 550
nm, the in-plane retardation value of the second +A-film 9
ranges from 10 nm to 150 nm at a wavelength of 550 nm, and

ranges from 200 nm to 600 nm at a wavelength of 550 nm.

[0064] Examples of the internal protective film of the polar-
izing plate include an un-stretched cycloolefin polymer
(COP) film having a retardation value close to 0, a triacetate
cellulose (TAC) film having a retardation value of 0, a triac-
etate cellulose film and a polynorbornene (PNB) film having
a negative retardation value, etc.

[0065] Examples of the first + A-film 7 and second +A-film
9 include a stretched cycloolefin polymer film, a stretched
polycarbonate (PC) film, a horizontally aligned UV curing
type liquid crystal film, etc. In addition, examples of the
+C-film 6 include a vertically aligned UV curing type liquid
crystal film, a biaxially stretched polymer film, etc. The
+C-film 6 may be used as the internal protective film of the
polarizing plate.

[0066] InTable3 below are summarized the results of simu-
lation ofthe contrast properties at a tilt angle of 70° performed
while varying each of the following conditions: a) the retar-
dation value of the first + A-film 7 and the second +A-film 9,
b) the retardation value of the +C-film 6, and ¢) the type of
internal protective film of the first polarizing plate 1 and the
second polarizing plate 3, which are design values for prac-
tical retardation films disposed as in FIG. 3.
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TABLE 3
Internal Internal
Protective Protective
Film of 2nd Film of 1st  Minimum
Polarizing 2nd st Polarizing ~ Contrast
Plate +A-Film Retardation +A-Film +C-Film Plate Ratio at
(Retardation  (Retardation ~ Value of (Retardation  (Retardation (Retardation Tilt Angle
Value) Value) VA-Panel Value) Value) Value) of 70°
COP A-COP 330 nm A-COP +C-Film COP 17
(0 nm) (113 nm) (215 nm) of LC (0 nm)
(210 nm)
COP A-COP A-COP +C-Film TAC 15
(0 nm) (113 nm) (215 nm) of LC (-64 nm)
(290 nm)
TAC A-COP A-COP +C-Film TAC 30
(~64 nm) (55 1m) (212 nm) of LC (~64 nm)
(260 nm)
TAC A-COP A-COP +C-Film PNB 30
(~64 nm) (55 1m) (212 nm) of LC (~192 1m)
(400 nm)
TAC A-COP A-COP +C-Film TAC 100
(~128 1m) (20 1m) (206 nm) of LC (~128 1m)
(285 nm)
TAC A-COP A-COP +C-Film PNB 110
(-128 nm) (20 m) (206 nm) of LC (-350 nm)
(535 nm)
TAC A-COP Polycarbonate C-Film PNB 60
(~128 1m) (20 nm) (208 nm) of LC (=350 nm)
(535 nm)
TAC A-COP Polycarbonate  Polystyrene TAC 22
(~64 nm) (55 nm) (212 1m) (15mm)  (-64nm)
A-COP — Ccop Polystyrene TAC 16
(Rin = 55 nm, (215 nm) (245 nm) (-64 nm)
Rth = 0 nm)
[0067] From the results of Table 3, it can be confirmed that [0070] Examples of the internal protective film of the polar-

the minimum contrast ratio at a tilt angle of 70° in a dark state
is good by appropriately setting the conditions for the retar-
dation values of the +A-film, the +C-film and the internal
protective films of the polarizing plates, and that the leakage
of light in a dark state is minimized.

[0068] FIG. 4 shows the structure of a VA-LCD according
to a fourth embodiment of the present invention, which is
similar to the structure of FIG. 3, with the exception that the
optic axis 8 of a first +A-film 7 is parallel to the absorption
axis 2 of a first polarizing plate 1 adjacent thereto, unlike the
structure of FIG. 3.

[0069] Even in the structure of the fourth embodiment, in
order to minimize the leakage of light in a dark state, the first
+A-film 7, the second +A-film 9, and the +C-film 6 have the
range of preferred retardation values. That is, the in-plane
retardation value of the first + A-film 7 preferably ranges from
200 nm to 300 nm at a wavelength of 550 nm, the in-plane
retardation value of the second +A-film 9 ranges from 10 nm
to 150 nm at a wavelength of 550 nm, and the thickness
retardation value of the +C-film 6 preferably ranges from 180
nm to 600 nm at a wavelength of 550 nm.

izing plate include an un-stretched cycloolefin polymer
(COP) film having a retardation value close to 0, a triacetate
cellulose (TAC) film having a retardation value of 0, a triac-
etate cellulose film and a polynorbornene (PNB) film having
a negative retardation value, etc.

[0071] Examples of the first + A-film 7 and second +A-film
9 include a stretched cycloolefin polymer film, a stretched
polycarbonate (PC) film, a horizontally aligned UV curing
type liquid crystal film, etc. In addition, examples of the
+C-film 6 include a vertically aligned UV curing type liquid
crystal film, a biaxially stretched polymer film, etc. The
+C-film 6 may be used as the internal protective film of the
polarizing plate.

[0072] InTable4 below are summarized the results of simu-
lation ofthe contrast properties at a tilt angle of 70° performed
while varying the following conditions: a) the type of internal
protective film of the first polarizing plate 1 and the second
polarizing plate 3. b) the retardation value of the +C-film 6,
and c) the retardation value of the first +A-film 7 and the
second +A-film 9.
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TABLE 4
Internal Internal
Protective Protective
Film of 2nd Filmof Ist Minimum
Polarizing 2nd st Polarizing  Contrast
Plate +A-Tilm Retardation  +A-TFilm +C-Tilm Plate Ratio at
{(Retardation (Retardation ~ Value of  (Retardation (Retardation (Retardation Tilt Angle
Value) Value) VA-Panel Value) Value) Value) of 70°
cop A-COP 330 nm A-COP Polystyrene CcOoP 18
(0nm) (100 nm) (260 nm) (195 nm) (0 nm)
A-COP — A-COP Polystyrene CcOoP 18
(-100 nm) (260 nm) (195 nm) (0 nm)
TAC A-COP A-COP Polystyrene TAC 30
(-64 nm) 70 nm) (262 nm) (245 nm) (=64 nm)
TAC A-COP A-COP Polystyrene TAC 80
(=128 nm) (40 nm) (255 nm) (280 nm) (-128 nm)
TAC A-COP A-COP +C-Film TAC 80
(=128 nm) (40 nm) (253 nm) of LC (-128 nm)
(310 nm)
TAC A-COP A-COP +C-Film PNB 70
(=128 nm) (26 nm) (245 nm) of LC (-300 nm)
{496 nm)
[0073] Inthestructure of the fourth embodiment, it can also in-plane retardation value of the first +A-film 7 preferably

be confirmed that the minimum contrast ratio ata tilt angle of
70° in a dark state depending on set conditions for the retar-
dation values of the +A-film, the +C-film and the internal
protective films of the polarizing plates is superior to conven-
tional contrast ratios, and that the leakage of light in a dark
state is minimized.

[0074] FIG. 5 shows the structure of a VA-LCD according
to a fifth embodiment of the present invention.

[0075] The structure of FIG. 5 is characterized in that a
second +A-film and a second +C-film are provided between a
VA-panel 5 and a second polarizing plate 3 of the structure of
FIG. 1, in which the second +C-film is positioned between the
second polarizing plate 3 and the second +A-film 9. and the
optic axis 10 of the second +A-film 9 is perpendicular to the
absorption axis 4 of the second polarizing plate 3.

[0076] Inthe structure of FIG. 5, a first +A-film 7 and a first
+C-film 6 are placed between a first polarizing plate 1 and the
VA-panel 5, the first +C-film 6 is placed between the first
polarizing plate 1 and the first +A-film 7, the first +A-film 7 is
disposed adjacent to the VA-panel 5, and the optic axis 8 of the
first +A-film 7 is perpendicular to the absorption axis 2 of the
first polarizing plate 1, like the structures of FIGS. 1 and 3.
[0077] In order to minimize the leakage of light in a dark
state from the structure of FIG. 5, the first +A-film 7, the
second +A-film 9, the first +C-film 6 and the second +C-film
11 have the range of preferred retardation values. That is, the

ranges from 240 nm to 270 nm at a wavelength of 550 nm, and
the in-plane retardation value of the second +A-film 9 ranges
from 190 nm to 220 nm at a wavelength of 550 nm. Further,
the thickness retardation value of the first +C-film 6 and
second +C-film 11 preferably ranges from 100 nm to 600 nm
at a wavelength of 550 nm.

[0078] Examples of the internal protective film of the polar-
izing plate include an un-stretched cycloolefin polymer
(COP) film having a retardation value close to 0, a triacetate
cellulose (TAC) film having a retardation value of 0, a triac-
etate cellulose film and a polynorbornene (PNB) film having
a negative retardation value, etc.

[0079] Examples of the first + A-film 7 and second +A-film
9 include a stretched cycloolefin polymer film, a stretched
polycarbonate (PC) film, a horizontally aligned UV curing
type liquid crystal film, etc. In addition, examples of the first
+C-film 6 and second +C-film 11 include a vertically aligned
UV curing type liquid crystal film, a biaxially stretched poly-
mer film, etc. The first +C-film 6 or second +C-film 11 may be
used as the internal protective film of the polarizing plate.
[0080] InTable 5 below are summarized the results of simu-
lation of the contrast properties ata tilt angle of 70° performed
while varying the following conditions: a) the type of internal
protective film of the first polarizing plate 1 and the second
polarizing plate 3, b) the retardation value of the first +C-film
6 and the second +C-film 11, and c) the retardation value of
the first +A-film 7 and the second +A-film 9.

TABLE S
Internal Internal
Protective Protective
Film of 2nd Film of Ist Minimum
Polarizing 2nd 2nd Ist 1st Polarizing  Contrast
Plate +C-Film +A-Film  Retardation  +A-Film +C-Film Plate Ratio at
(Retardation (Retardation (Retardation  Valueof  (Retardation (Retardation (Retardation Tilt Angle
Value) Value) Value) VA-Panel Value) Value) Value) of 70°
cop +C-Film +A-Film 330 nm +A-Film +C-Film COP 27
(0 nm) of LC of Cured LC of Cured LC of LC (0 nm)
(140 nm) (200 nm) (250 nm) (140 nm)
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TABLE 5-continued
Internal Internal
Protective Protective
Film of 2nd Filmof 1st  Minimum
Polarizing 2nd 2nd Ist st Polarizing ~ Contrast
Plate +C-Film +A-Film Retardation +A-Film +C-Film Plate Ratio at
{(Retardation (Retardation (Retardation  Valueof  (Retardation (Retardation (Retardation Tilt Angle
Value) Value) Value) VA-Panel Value) Value) Value) of 70°
TAC +C-Film +A-Film +A-Film +C-Film TAC 30
(-64 nm) of LC of Cured LC of Cured LC of LC (-64 nm)
(206 nm) (200 nm) (250 nm) (206 nm)
TAC +C-Film A-COP A-COP +C-Film TAC 90
(-64 nm) of LC (200 nm) (250 nm) of LC (-64 nm)
(210 nm) (210 nm)
TAC +C-Film A-COP A-COP +C-Film TAC 110
(=128 nm) of LC (200 nm) (250 nm) of LC (-128 nm)
(282 nm) (282 nm)
PNB +C-Film A-COP A-COP +C-Film PNB 120
(=250 nm) of LC (200 nm) (250 nm) of LC (-250 nm)
(418 nm) (418 nm)

[0081] The structure of a VA-LCD according to a sixth
embodiment of the present invention is characterized as fol-
lows.

[0082] As shown in FIG. 6, a first +A-film 7 and a first
+C-film 6 are placed between a first polarizing plate 1 and a
VA-panel 5, the first +C-film 6 is placed between the first
polarizing plate 1 and the first +A-film 7, the first +A-film 7 is
disposed adjacent to the VA-panel 5, and the optic axis 8 of the
first +A-film 7 is parallel to the absorption axis 2 of the first
polarizing plate 1.

[0083] Further, asecond +A-film 9 and a second +C-film 11
are placed between a second polarizing plate 3 and the VA-
panel 5, the second +C-film 11 is placed between the second
polarizing plate 3 and the second +A-film 9, the second
+A-film 9 is disposed adjacent to the VA-panel 5, and the
optic axis 10 of the second +A-film 9 is parallel to the absorp-
tion axis 4 of the second polarizing plate 3.

[0084] 1In the structure of FIG. 6, the in-plane retardation
value of the first +A-film 7 and the second +A-film 9 ranges
from 240 nm to 270 nm at a wavelength of 550 nm, and the
thickness retardation value of the first +C-film 6 and the
second +C-film 11 preferably ranges from 100 nm to 600 nm
at a wavelength of 550 nm.

[0085] Examples of the internal protective film of the polar-
izing plate include an un-stretched cycloolefin polymer
(COP) film having a retardation value close to 0, a triacetate
cellulose (TAC) film having a retardation value of 0, a triac-
etate cellulose film and a polynorbornene (PNB) film having
a negative retardation value, etc.

[0086] Examples of the first +A-film 7 and the second
+A-film 9 include a stretched cycloolefin polymer film, a
stretched polycarbonate (PC) film, a horizontally aligned UV
curing type liquid crystal film, etc. In addition, examples of
the first +C-film 6 include a vertically aligned UV curing type
liquid crystal film, a biaxially stretched polymer film, etc. The
first +C-film 6 or the second +C-film 11 may be used as the
internal protective film of the first or second polarizing plate
1, 3, respectively.

[0087] InTable 6 below are summarized the results of simu-
lation of the contrast properties ata tilt angle of 70° performed
while varying the following conditions: a) the type of internal
protective film of the first polarizing plate 1 and the second
polarizing plate 3, b) the retardation value of the first +C-film
6 and the second +C-film 11, and c) the retardation value of
the first +A-film 7 and the second +A-film 9.

TABLE 6
Internal Internal
Protective Protective
Film of 2nd Filmof Ist Minimum
Polarizing 2nd 2nd Ist 1st Polarizing ~ Contrast
Plate +C-Film +A-Film Retardation +A-Film +C-Film Plate Ratio at
(Retardation (Retardation (Retardation ~ Valueof  (Retardation (Retardation (Retardation Tilt Angle
Value) Value) Value) VA-Panel Value) Value) Value) of 70°
Polystyrene — +A-Film 330 nm +A-Film — Polystyrene 24
(-175 nm) of Cured LC of Cured LC (-175 nm)
(260 nm) (260 nm)
TAC +C-Film A-COP A-COP +C-Film TAC 23
(-64 nm) of LC (257 nm) (257 nm) of LC (-64 nm)
(244 nm) (244 nm)
TAC +C-Film A-COP A-COP +C-Film TAC 22
(-128 nm) of LC (257 nm) (257 nm) of LC (-128 nm)
(315 nm) (315 nm)
PNB +C-Film A-COP A-COP +C-Film PNB 20
(-250 nm) of LC (257 nm) (257 nm) of LC (-250 nm)
(450 nm) (450 nm)
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[0088] The structure of a VA-LCD according to a seventh
embodiment of the present invention is characterized as fol-
lows.

[0089] As shown in FIG. 7, a first +A-film 7 and a first
+C-film 6 are placed between a first polarizing plate 1 and a
VA-panel 5, the first +C-film 6 is placed between the first
polarizing plate 1 and the first +A-film 7, the first +A-film 7 is
disposed adjacent to the VA-panel 5, and the optic axis 8 of the
first +A-film 7 is parallel to the absorption axis 2 of the first
polarizing plate 1.
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+C-film 6 or the second +C-film 11 may be used as the
internal protective film of the first or second polarizing plate
1, 3, respectively.

[0094] InTable7 below are summarized the results of simu-
lation of the contrast properties at a tilt angle of 70° performed
while varying the following conditions: a) the type of internal
protective film of the first polarizing plate 1 and the second
polarizing plate 3, b) the retardation value of the first +C-film
6 and the second +C-film 11, and c) the retardation value of
the first +A-film 7 and the second +A-film 9.

TABLE 7
Internal Internal
Protective Protective
Film of 2nd Film of Ist Minimum
Polarizing 2nd 1st 1st Polarizing  Contrast
Plate +C-Film +A-Film Retardation +A-Film +C-Film Plate Ratio at
(Retardation (Retardation (Retardation  Valueof  (Retardation (Retardation (Retardation Tilt Angle
Value) Value) Value) VA-Panel Value) Value) Value) of 70°
Polystyrene — A-COP 330 nm A-COP — Polystyrene 100
(=175 nm) (200 nm) (257 nm) (-166 nm)
Cop +C-Film A-COP A-COP +C-Film COP 110
(0 nm) of LC (200 nm) (257 nm) of LC (0 nm)
(132 nm) (175 nm)
TAC +C-Film A-COP A-COP 943 TAC 100
(-64 nm) of LC (200 nm) (257 nm) +C-Film (-64 nm)
(204 nm) (250 nm)
TAC +C-Film A-COP A-COP +C-Film TAC 83
(-64 nm) of LC (200 nm) (257 nm) of LC (-128 nm)
(278 nm) (320 nm)

[0090] Further, a second +A-film 9 and a second +C-film 11
are placed between a second polarizing plate 3 and the VA-
panel 5, the second +A-film 9 is disposed adjacent to the
VA-panel 5, the second +C-film 11 is placed between the
second polarizing plate 3 and the second +A-film 9. and the
optic axis 10 of the second +A-film 9 is perpendicular to the
absorption axis 4 of the second polarizing plate 3.

[0091] In order to minimize the leakage of light in a dark
state from the structure of FIG. 7, the first +A-film 7, the
second +A-film 9, the first +C-film 6, and the second +C-film
11 have the range of preferred retardation values. That is, the
in-plane retardation value of the first +A-film 7 preferably
ranges from 240 nm to 270 nm at a wavelength of 550 nm and
the in-plane retardation value of the second +A-film 9 pref-
erably ranges from 190 nm to 220 nm at a wavelength of 550
nm. Further, the thickness retardation value of the first
+C-film 6 and the second +C-film 11 preferably ranges from
100 nm to 600 nm at a wavelength of 550 nm.

[0092] Examples of the internal protective film of the polar-
izing plate include an un-stretched cycloolefin polymer
(COP) film having a retardation value close to 0, a triacetate
cellulose (TAC) film having a retardation value of 0, a triac-
etate cellulose film and a polynorbornene (PNB) film having
a negative retardation value, etc.

[0093] Examples of the first +A-film 7 and the second
+A-film 9 include a stretched cycloolefin polymer film, a
stretched polycarbonate film, a horizontally aligned UV cur-
ing type liquid crystal film, etc. In addition, examples of the
first +C-film 6 and the second +C-film 11 include a vertically
aligned UV curing type liquid crystal film, a biaxially
stretched polymer film, etc. The +C-film 6 may be used as the
internal protective film of the polarizing plate. The first

[0095] A better understanding of the present invention may
be obtained through the following examples which are set
forth to illustrate, but are not to be construed as the limit ofthe
present invention.

EXAMPLE 1

[0096] The VA-LCD of FIG. 1 according to the first
embodiment of the present invention was fabricated.

[0097] In particular, a VA-LCD panel 5 filled with liquid
crystals having a cell gap of 3.35 [, a pre-tilt angle of 89°,
dielectric anisotropy (A€) of liquid crystals of -4.9, and
birefringence (An) of 0.098 was used. The VA-panel 5 had a
thickness retardation value of 328 nm at a wavelength of 550
nm.

[0098] Asa+C-film 6, a vertically aligned UV curing type
liquid crystal film was used, the thickness retardation value of
which was 355 nm at a wavelength of 550 nm. As a +A-film
7, a stretched cycloolefin polymer film was used, and the
in-plane retardation value of this film was 240 nm at a wave-
length of 550 nm.

[0099] As the internal protective film of a first polarizing
plate 1 and a second polarizing plate 3, a 80 [thick TAC was
used, the thickness retardation value of which was —65 nm at
a wavelength of 550 nm.

[0100] When white light was used, a graph showing con-
trast at tilt angles from 0 to 80° with respect to the entire
radius angle is shown in FIG. 8.

EXAMPLE 2

[0101] The VA-LCD of FIG. 2 according to the second
embodiment of the present invention was fabricated.
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[0102] In particular, a VA-LCD panel 5 filled with liquid
crystals having a cell gap of 3.35 [ a pre-tilt angle of 89°,
dielectric anisotropy (A€) of liquid crystals of -4.9, and
birefringence (An) of 0.098 was used. The VA-panel 5 had a
thickness retardation value of 328 nm at a wavelength of 550
nm.

[0103] Asa+C-film 6, a vertically aligned UV curing type
liquid crystal film was used, the thickness retardation value of
which was 355 nm at a wavelength of 550 nm. As a +A-film
7, a stretched cycloolefin polymer film was used, the in-plane
retardation value of which was 240 nm at a wavelength of 550
nm.

[0104] As the internal protective film of a first polarizing
plate 1 and a second polarizing plate 3, a 160 Uthick TAC was
used, the thickness retardation value of which was -130 nm at
a wavelength of 550 nm.

[0105] When white light was used, a graph showing con-
trast at tilt angles from 0 to 80° with respect to the entire
radius angle is shown in FI1G. 9.

EXAMPLE 3

[0106] The VA-LCD of FIG. 3 according to the third
embodiment of the present invention was fabricated.

[0107] In particular, a VA-LCD panel 5 filled with liquid
crystals having a cell gap of 3.35 [, a pre-tilt angle of 89°,
dielectric anisotropy (A€) of liquid crystals of —4.9, and
birefringence (An) of 0.098 was used. The VA-panel 5 had a
thickness retardation value of 328 nm at a wavelength of 550
nm.

[0108] Asa+C-film 6, a vertically aligned UV curing type
liquid crystal film was used, the thickness retardation value of
which was 272 nm at a wavelength of 550 nm. As a first
+A-film 7, a stretched cycloolefin polymer film was used, the
in-plane retardation value of which was 212 nm. As a second
+A-film 9, a stretched cycloolefin polymer film was used, the
in-plane retardation value of which was 55 nm at a wave-
length of 550 nm.

[0109] As the internal protective film of a first polarizing
plate 1 and a second polarizing plate 3, a 80 Othick TAC was
used, the thickness retardation value of which was =65 nm at
a wavelength of 550 nm.

[0110] When white light was used, a graph showing con-
trast at tilt angles from 0 to 80° with respect to the entire
radius angle is shown in FIG. 10.

EXAMPLE 4

[0111] The VA-LCD of FIG. 4 according to the fourth
embodiment of the present invention was fabricated.

[0112] In particular, a VA-LCD panel 5 filled with liquid
crystals having a cell gap of 3.35 [ a pre-tilt angle of 89°,
dielectric anisotropy (A€) of liquid crystals of -4.9, and
birefringence (An) of 0.098 was used. The VA-panel 5 had a
thickness retardation value of 328 nm at a wavelength of 550
nm.

[0113] Asa+C-film 6, a vertically aligned UV curing type
liquid crystal film was used, the thickness retardation value of
which was 280 nm at a wavelength of 550 nm. As a first
+A-film 7, a stretched cycloolefin polymer film was used, the
in-plane retardation value of which was 268 nm. As a second
+A-film 9, a stretched cycloolefin polymer film was used, the
in-plane retardation value of which was 70 nm at a wave-
length of 550 nm.
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[0114] As the internal protective film of a first polarizing
plate 1 and a second polarizing plate 3, a 80 [thick TAC was
used, the thickness retardation value of which was =65 nm at
a wavelength of 550 nm.

[0115] When white light was used, a graph showing con-
trast at tilt angles from 0 to 80° with respect to the entire
radius angle is shown in FIG. 11.

EXAMPLE 5

[0116] The VA-LCD of FIG. 5 according to the fifth
embodiment of the present invention was fabricated.

[0117] In particular, a VA-LCD panel 5 filled with liquid
crystals having a cell gap of 3.35 [, a pre-tilt angle of 89°,
dielectric anisotropy (A€) of liquid crystals of —4.9, and
birefringence (An) of 0.098 was used. The VA-panel 5 had a
thickness retardation value of 328 nm at a wavelength of 550
nm.

[0118] As a first +C-film 6, a vertically aligned UV curing
type liquid crystal film was used, the thickness retardation
value of which was 210 nm at a wavelength of 550 nm.
[0119] As a second +C-film 11, a vertically aligned UV
curing type liquid crystal film was used, the thickness retar-
dation value of which was 210 nm at a wavelength of 550 nm.
[0120] Asa first+A-film 7, a stretched cycloolefin polymer
film was used, the in-plane retardation value of which was
250 nm at a wavelength of 550 nm. As a second +A-film 9, a
stretched cycloolefin polymer film was used, the in-plane
retardation value of which was 200 nm at a wavelength of 550
nm.

[0121] As the internal protective film of a first polarizing
plate 1 and a second polarizing plate 3, a 80 Othick TAC was
used, the thickness retardation value of which was =65 nm at
a wavelength of 550 nm.

[0122] When white light was used, a graph showing con-
trast at tilt angles from 0 to 80° with respect to the entire
radius angle is shown in FIG. 12.

EXAMPLE 6

[0123] The VA-LCD of FIG. 6 according to the sixth
embodiment of the present invention was fabricated.

[0124] In particular, a VA-LCD panel 5 filled with liquid
crystals having a cell gap of 3.35 [, a pre-tilt angle of 89°,
dielectric anisotropy (A€) of liquid crystals of —4.9, and
birefringence (An) of 0.098 was used. The VA-panel 5 had a
thickness retardation value of 328 nm at a wavelength of 550
nm.

[0125] As afirst +C-film 6, a vertically aligned UV curing
type liquid crystal film was used, the thickness retardation
value of which was 244 nm at a wavelength of 550 nm.
[0126] As a second +C-film 11, a vertically aligned UV
curing type liquid crystal film was used, the thickness retar-
dation value of which was 244 nm at a wavelength of 550 nm.
[0127] Asafirst+A-film 7, a stretched cycloolefin polymer
film was used, the in-plane retardation value of which was
257 nm at a wavelength of 550 nm. As a second +A-film 9, a
stretched cycloolefin polymer film was used, the in-plane
retardation value of which was 257 nm at a wavelength of 550
nm.

[0128] As the internal protective film of a first polarizing
plate 1 and a second polarizing plate 3, a 80 Othick TAC was
used, the thickness retardation value of which was —-65 nm at
a wavelength of 550 nm.



US 2008/0204633 A1l

[0129] When white light was used, a graph showing con-
trast at tilt angles from 0 to 80° with respect to the entire
radius angle is shown in FIG. 13.

EXAMPLE 7

[0130] The VA-LCD of FIG. 7 according to the seventh
embodiment of the present invention was fabricated.

[0131] In particular, a VA-LCD panel 5 filled with liquid
crystals having a cell gap of 3.35 [, a pre-tilt angle of 89°,
dielectric anisotropy (AE) of liquid crystals of —4.9, and
birefringence (An) of 0.098 was used. The VA-panel 5 had a
thickness retardation value of 328 nm at a wavelength of 550
nm.

[0132] As a first +C-film 6, a vertically aligned UV curing
type liquid crystal film was used, the thickness retardation
value of which was 250 nm at a wavelength of 550 nm. As a
second +C-film 11, a vertically aligned UV curing type liquid
crystal film was used, the thickness retardation value of which
was 204 nm at a wavelength of 550 nm.

[0133] Asafirst+A-film 7, a stretched cycloolefin polymer
film was used, the in-plane retardation value of which was
257 nm at a wavelength of 550 nm. As a second +A-film 9, a
stretched cycloolefin polymer film was used, the in-plane
retardation value of which was 200 nm at a wavelength of 550
nm.

[0134] As the internal protective film of a first polarizing
plate 1 and a second polarizing plate 3, a 80 [thick TAC was
used, the thickness retardation value of which was =65 nm at
a wavelength of 550 nm.

[0135] When white light was used, a graph showing con-
trast at tilt angles from 0 to 80° with respect to the entire
radius angle is shown in FIG. 14.

[0136] Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

INDUSTRIAL APPLICABILITY

[0137] According to the present invention, the contrast of
the VA-LCD can be improved at surface-facing angle and tilt
angle thereof and color shift depending on the viewing angle
in a dark state can be minimized, thus greatly increasing the
viewing angle range of the VA-LCD.

1. A vertically aligned liquid crystal display, comprising a
first polarizing plate and a second polarizing plate, having
absorption axes perpendicular to each other, and a vertically
aligned panel provided therebetween and including vertically
aligned liquid crystals having negative dielectric anisotropy,
in which one or more first +A-films and one or more first
+C-films are provided between the first polarizing plate and
the vertically aligned panel, the first +C-film is positioned
between the first polarizing plate and the first +A-film, and an
optic axis of the first +A-film is perpendicular to or parallel to
the absorption axis of the first polarizing plate.

2. The vertically aligned liquid crystal display according to
claim 1, further comprising one or more second +A-films
between the second polarizing plate and the vertically aligned
panel, inwhich an optic axis of the second +A-film is perpen-
dicular to the absorption axis of the second polarizing plate.

3. The vertically aligned liquid crystal display according to
claim 1, further comprising one or more second +A-films and
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one or more second +C-films between the second polarizing
plate and the vertically aligned panel, in which the second
+C-film is positioned between the second polarizing plate and
the second +A-film, the optic axis of the first +A-film is
perpendicular to the absorption axis of the first polarizing
plate, and the optic axis of the second +A-film is perpendicu-
lar to the absorption axis of the second polarizing plate.

4. The vertically aligned liquid crystal display according to
claim 1, further comprising one or more second +A-films and
one or more second +C-films between the second polarizing
plate and the vertically aligned panel, in which the second
+C-film is positioned between the second polarizing plate and
the second +A-film, the optic axis of the first +A-film is
parallel to the absorption axis of the first polarizing plate, and
the optic axis of the second +A-film is parallel to or perpen-
dicular to the absorption axis of the second polarizing plate.

5. The vertically aligned liquid crystal display according to
claim 1, wherein the optic axis of the first +A-film is perpen-
dicular to the absorption axis of the first polarizing plate, the
first +A-film has an in-plane retardation value ranging from
130 nm to 300 nm at a wavelength of 550 nm, and the first
+C-film has a thickness retardation value ranging from 10 nm
to 400 nm at a wavelength of 550 nm.

6. The vertically aligned liquid crystal display according to
claim 1, wherein the optic axis of the first +A-film is parallel
to the absorption axis of the first polarizing plate, the first
+A-film has an in-plane retardation value ranging from 130
nm to 300 nm at a wavelength of 550 nm, and the first +C-film
has a thickness retardation value ranging from 200 nm to 600
nm at a wavelength of 550 nm.

7. The vertically aligned liquid crystal display according to
claim 2, wherein the optic axis of the first +A-film is perpen-
dicular to the absorption axis of the first polarizing plate, the
first +A-film has an in-plane retardation value ranging from
180 nm to 250 nm at a wavelength of 550 nm, the first +C-film
has a thickness retardation value ranging from 200 nm to 600
nm at a wavelength of 550 nm, and the second +A-film has an
in-plane retardation value ranging from 10 nm to 150 nm at a
wavelength of 550 nm.

8. The vertically aligned liquid crystal display according to
claim 2, wherein the optic axis of the first +A-film is parallel
to the absorption axis of the first polarizing plate, the first
+A-film has an in-plane retardation value ranging from 200
nm to 300 nm at a wavelength of 550 nm, the first +C-film has
a thickness retardation value ranging from 180 nm to 600 nm
at a wavelength of 550 nm, and the second +A-film has an
in-plane retardation value ranging from 10 nm to 150 nm at a
wavelength of 550 nm.

9. The vertically aligned liquid crystal display according to
claim 3, wherein the first +A-film has an in-plane retardation
value ranging from 240 nm to 270 nm at a wavelength of 550
nm, the second +A-film has an in-plane retardation value
ranging from 190 nm to 220 nm at a wavelength of 550 nm,
and the first +C-film and the second +C-film have a thickness
retardation value ranging from 100 nm to 600 nm at a wave-
length of 550 nm.

10. The vertically aligned liquid crystal display according
to claim 4, wherein the second +A-film is disposed parallel to
the absorption axis of the second polarizing plate, the first
+A-film and the second +A-film have an in-plane retardation
value ranging from 240 nm to 270 nm at a wavelength of 550
nm, and the second +C-film and the second +C-film have a
thickness retardation value ranging from 100 nm to 600 nm at
a wavelength of 550 nm.
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11. The vertically aligned liquid crystal display according
to claim 4, wherein the second +A-film is disposed perpen-
dicular to the absorption axis of the second polarizing plate,
the first +A-film has an in-plane retardation value ranging
from 240 nm to 270 nm at a wavelength of 550 nm, the second
+A-film has an in-plane retardation value ranging from 190
nm to 220 nm at a wavelength of 550 nm, and the first +C-film
and the second +C-film have a thickness retardation value
ranging from 100 nm to 600 nm at a wavelength of 550 nm.

12. The vertically aligned liquid crystal display according
to anyone of claims 1 to 11, wherein the +A-film comprises at
least one selected from among a stetched cycloolefin polymer
film, a stretched polycarbonate film, and a horizontally
aligned UV curing type liquid crystal film.

13. The vertically aligned liquid crystal display according
to any one of claims 1 to 11, wherein the +C-film comprises
at least one of a vertically aligned UV curing type liquid
crystal film and a biaxially stretched polymer film.

14. The vertically aligned liquid crystal display according
to any one of claims 1 to 11, wherein the first polarizing plate
and the second polarizing plate have an internal protective
film having a thickness retardation value of 0 or a negative
thickness retardation value.
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15. The vertically aligned liquid crystal display according
to claim 14, wherein the internal protective film comprises at
least one selected from among an unstretched cycloolefin
polymer film, a triacetate cellulose film, and a polynor-
bornene film.

16. The vertically aligned liquid crystal display according
to any one of claims 1 to 11, wherein the first + A-film and/or
the second +A-film function as the internal protective film of
the first polarizing plate and/or the second polarizing plate,
respectively.

17. The vertically aligned liquid crystal display according
to anyone of claims 1 to 11, wherein the first +C-film and/or
the second +C-film function as the internal protective film of
the first polarizing plate and/or the second polarizing plate,
respectively.

18. The vertically aligned liquid crystal display according
to anyone of claims 1 to 11, which uses a multidomain verti-
cally aligned mode or a vertically aligned mode using a chiral
additive, in which the vertically aligned panel comprises a
liquid crystal cell having a cell gap of 3-8 pm.

* ok ok sk ok
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