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Description

VERTICALLY ALLIGNED LIQUID CRYSTAL DISPLAY

HAVING A WIDE VIEWING COMPENSATION FILM USING

[1]

[2]

[3]

[4]

[5]

+A-FILLM AND +C-FILM
Technical Field

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< (), 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

Typically, LCDs, which have recently become widely used in the flat display field,
suffer because they have a narrow viewing angle. The reasons why an image is
differently 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.

Thus, in order to improve 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
orientation of liquid crystals is in the vertical direction, unlike a TN mode, has two
problems in regard to deteriorating viewing angle properties, that is, first, the
dependence of performance of perpendicular polarizing plates on the viewing angle,
and second, the dependence of the birefringence of the VA-LCD panel on the viewing
angle.

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
specific techniques for improvement, a method of using a viewing angle compensation
film for compensating for a narrow viewing angle by changing And (multiplication of
birefringence by thickness of a liquid 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.

As a specific example for improving the wide viewing angle of the VA-LCD using
the viewing angle compensation 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
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[6]

[7]

[8]

[9]

[10]

[11]

[12]

the Z-axis direction, that is, the thickness direction) for compensating for the dark state
of a VA-LCD when voltage is not applied is disclosed in US Patent 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.

In US Patent No. 6,141,075, a compensation film comprising a C-plate com-
pensation film and an A-plate compensation film is disclosed, in which compensation
for the dark state of the VA-LCD when voltage is not applied is said to be more ef-
ficiently 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 a viewing angle, contrast at
surface-facing angle and tilt angle 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

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.

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.

The present inventors have found out that it is effective to use a +A-film and a
+C-film so as to minimize the leakage of light in a dark state and to minimize a color
shift in a dark state, and to compensate a viewing angle.

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 thickness retardation value of the +A-film and
+C-film has been found to vary with the retardation value of the internal protective
film of the polarizing plate.

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

In order to accomplish the above objects, the present invention provides a VA-LCD
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[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

using a +A-film and a +C-film as a wide viewing angle compensation film.

Specifically, the present invention provides a VA-LCD comprising a first polarizing
plate and a second polarizing plate having absorption axes perpendicular to each other
and a VA-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 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.

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
provided between the second polarizing plate and the VA-panel, or a second +A-film
and a second +C-film are provided therebetween, and the optic axes of the first
+A-film and the second +A-film are perpendicular to or parallel to the absorption axis
of the respective adjacent polarizing plate.

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-
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.

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 properties 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

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 minimized, thus greatly
increasing the viewing angle of the VA-LCD.

Brief Description of the Drawings

FIG. 1 is a view schematically showing the structure of a VA-LCD comprising a
+A-film and a +C-film, according to a first embodiment of the present invention.

FIG. 2 is a view schematically showing the structure of a VA-LCD comprising a
+A-film and a +C-film, according to a second embodiment of the present invention.

FIG. 3 is a view 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.

FIG. 4 is a view schematically showing the structure of a VA-LCD comprising two
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+A-films and a +C-film, according to a fourth embodiment of the present invention.

[22] FIG. 5 is a view 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.

[23] FIG. 6 is 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.

[24] FIG. 7 is a view 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.

[25] 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 2° with respect to the
entire radius angle.

[26] 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.

[27] FIG. 10 is a view 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.

[28] FIG. 11 is a view 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.

[29] FIG. 12 is a view showing the result of simulation of the contrast ratio of the VA-
LCD according to the fifth 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.

[30] FIG. 13 is a view 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.

[31] 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
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[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

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

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 (Ae< 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.

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 [.

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.

That is, the VA-panel is positioned between the first polarizing plate and second
polarizing plate having absorption axes perpendicular to 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.

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 retardation value of the first +C-film are changed, thus obtaining preferred
embodiments having various structures.

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 +A-film disposed adjacent to the first
polarizing plate and/or second polarizing plate, thus obtaining various preferred em-
bodiments.

The retardation film of the +A-film and +C-film used as the viewing angle com-
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[40]

[41]
[42]
[43]
[44]
[45]

[46]
[47]
[48]
[49]
[50]

[51]

[52]

pensation film may be defined as follows.

When the refractive index in an x-axis direction of the in-plane refractive index is
represented by nx, the refractive 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
compensation 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:

Equation 1

nx >ny =nz

Equation 2

nx =ny <nz

As such, when the thickness of the film is represented 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.

Equation 3

R = (nx-ny)xd

Elcrlluation 4

Rth = (nz-ny) x d

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, etc. In addition,
examples of +C-film having the thickness refractive index mentioned above include a
vertically aligned UV curing type liquid crystal film, a biaxially stretched polymer
film, etc.

Of the internal protective film and external protective 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 internal 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 re-
tardation value of the internal protective film of the polarizing 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 cycloolefin polymer (COP) film having a retardation value close to 0, a
triacetate cellulose (TAC) film having a retardation value of 0, a triacetate cellulose
film and a polynorbornene (PNB) film having a negative retardation value, etc.

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
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[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

the internal protective film of the polarizing plate, or the +C-film may be used as the
internal protective film of the polarizing plate.

Below, the preferred embodiments of the present invention are described with
reference to the drawings.

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.

As shown 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.

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

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.

Examples of the internal protective film of the polarizing 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 triacetate cellulose
film and a polynorbornene (PNB) film having a negative retardation value, etc.

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 biaxially stretched polymer film, etc. The +C-film 6 may be used
as the internal protective film of the polarizing plate.

In Table 1 below are summarized the results of simulation of the contrast properties
at a tilt angle of 70° performed while varying each of the following conditions: a) the
retardation 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. 1.

Table 1
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Internal Retardation +A-Film + C-Film Internal Minimum
Protective Value of VA- | (Retardation | (Retardation Protective | Contrast Ratio
Film of 2nd Panel Value) Value) Film of 1st | at Tilt Angle of
Polarizing Polarizing 70°
Plate Plate(Retard
(Retardation ation Value)
Value)
COoP 330nm A-COP + C-Film of COP 5
{Onm) (266nm) LC(300nm) (Onm)
TAC A-COP + C-Film of TAC(- 15
(-84nm) (250nm) LC(320nm) 64nm)
TAC A-COP + C-Film of TAC 45
(-128nm) (225nm) LC(294nm) (-128nm)
PNB A-COP +C-Film of PNB 130
(-192nm) (200nm) LC(278nm) (-192nm)
PNB A-COP Polystyrene(2 PNB 130
(-192nm) (200nm) 47nm) (-192nm)
PNB A-COP + C-Film of PNB 180
(-220nm) (137nm) LC(214nm) (-200nm)
PNB A-COP +C-Film of PNB 140
(-220nm) (187nm) LC(270nm) (~200nm)
PNB +A-Film of | +C-Film of PNB 150
(-220nm) Cured LC LC(270nm) (-220nm)
(180nm)
PNB + A-Film of - Polystyrene 80
(-217nm) Cured (~50nm)
LC(200nm)
PNB Polycarbona | + C-Film of PNB 160
(-212nm) te(190nm} LC(270nm) (-212nm)
[62] Referring to the results of Table 1, when the +A-film and the +C-film are disposed

[63]

[64]

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 US Patent 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
according to the first embodiment of the present invention is confirmed to have
excellent contrast properties.

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

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
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[65]

[66]

[67]

[68]

[69]

[70]

between a VA-LCD panel 5 and a +C-film 6 is parallel to the absorption axis 2 of a
first polarizing plate 1.

In the present invention, the concept including the structure according to the first
embodiment, in which the optic axis § of the +A-film 7 is perpendicular to the
absorption axis 2 of the first polarizing plate 1, and the structure according 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 adjacent thereto,
and/or the retardation value of the internal protective film of the polarizing plate vary
depending on the configuration of the optic axis of the +A-film.

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.

Examples of the internal protective film of the polarizing 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 triacetate cellulose
film and a polynorbornene (PNB) film having a negative retardation value, etc.

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.

In Table 2 below are summarized the results of simulation of the contrast properties
at a tilt angle of 70° performed while varying each of the following conditions: a) the
retardation 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.

Table 2
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Internal Retardation + A-Film + C-Film Internal Minimum
Protective Vaiue of VA-. (Retardation | (Retardation Protective | Contrast Ratio
Film of 2nd Panel Value) Value) Film of 1st at Tilt Angle
Polarizing Polarizing of 70°
Plate(Retarda Plate
tion Value) (Retardation
Value)
COP 330nm A-COP + C~-Film of CcopP 4
(Onm) (250nm) LC(330nm) (Onm)
TAC A-COP + C-Film of TAC 10
(-64nm) (250} LC(320nm) (-64nm)
TAC A-COP + C-Film of TAC 40
(-128nm) (240nm) LC(330nm) (-128nm)
PNB A-COP + C-Film of PNB 75
(-192nm) (210nm) LC(372nm) (-192nm)
PNB A-COP + C-Film of PNB 100
(-300nm) (1370m) LC(362nm) (~-220nm)
PNB A-COP + C-Film of PNB 120
(-270nm} (160nm} 1.C(365nm) (—220nm)
PNB Polycarbona | +C-Film of PNB 120
(-270nm) te 1.C(357nm) (-220nm)
(165nm)
PNB Polycarbona | Polystyrene PNB 140
(-270nm) te (324nm) {-220nm)
(165nm)
PNB +A-Film of | Polystyrene PNB 120
(-240nm) Cured LC (334nm) (-220nm)
(185nm)
PNB + A-Film of - Polystyrene 125
(~240nm) Cured LC (-115nm)
(185nm)
PNB + A-Film of + C-Film of PNB 95
(~280nm) Cured LC LC(495nm) {~350nm)
(180nm)

[71]

[72]

From the results of Table 2, which are similar to those of Table 1 according to the
first embodiment, when the +A-film and the +C-film are disposed according to the
structure 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 contrast ratio at a tilt 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.

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
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[73]

[74]

[75]

[76]

[77]

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.

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 embodiment, the in-plane retardation value of the
+A-film 7 preferably 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 the thickness retardation value of the +C-film 6 preferably
ranges from 200 nm to 600 nm at a wavelength of 550 nm.

Examples of the internal protective film of the polarizing 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 triacetate cellulose
film and a polynorbornene (PNB) film having a negative retardation value, etc.

Examples of the first +A-film 7 and second +A-film 9 include a stretched cy-
cloolefin 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.

In Table 3 below are summarized the results of simulation of the contrast properties
at a tilt angle of 70° performed while varying each of the following conditions: a) the
retardation value of the first +A-film 7 and the second +A-film 9, 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 re-
tardation films disposed as in FIG. 3.

Table 3
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Internal 2nd + A- Retardatio | 1st +A- +C-Film Internal Minimum
Protective Film n Value of Film (Retardation | Protective | Contrast
Film of 2nd | (Retardatic | VA-Panel | (Retardati Value) Film of 1st | Ratio at
Polarizing n Value) on Value) Polarizing | Tilt Angle
Plate(Retard Plate of 70°
ation Value) (Retardati
on Value)
CoP A-COP 330nm A-COP +C-Film of cop 17
(Onm) (113nm) (215nm) LC(210nm) (Onm)
COP A-COP A-COP +C-Film of TAC 15
(Onm) (113nm) (215nm) | LC(290nm) | (-64nm)
TAC A-COP A-COP + C-Film of TAC 30
(-84nm) {55nm) (212nm) | LC(260nm) (-B4nm)
TAC A-CO?P A-COP + C-Film of PNB - 30
(-64nm) (55nm) (212nm) LC{400nm) | (-192nm)
TAC A-COP A-COP + C-Film of TAC 100
(-128nm) (20nm) (206nm) LC(285nm) | (-128nm)
TAC A-COP A-COP + C~-Film of PNB 110
(-128nm) (20nm) (206nm) LC(535nm) | (-350nm)
TAC A-COP Polycarbe | C-Film of PNB 60
(-128nm) (20nm) nate LC(535nm) | (-350nm)
(208nn)
TAC A-COP Polycarbo | Polystyrene TAC 22
(~64nm) (55nm) nate (215nm) (-64nm)
(212nm)
A-COP - COP(215n | Polystyrene TAC 18
(Rin=55nm, m) (2450m) (-64nm)
Rth=0nm)
[78] From the results of Table 3, it can be confirmed that the minimum contrast ratio at a

[79]

[80]

tilt angle of 70° in a dark state is good by appropriately setting the conditions for the
retardation 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.

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.

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
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preferably ranges from 180 nm to 600 nm at a wavelength of 550 nm.

Examples of the internal protective film of the polarizing 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 triacetate cellulose
film and a polynorbornene (PNB) film having a negative retardation value, etc.

Examples of the first +A-film 7 and second +A-film 9 include a stretched cy-
cloolefin 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.

In Table 4 below are summarized the results of simulation 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 +C-film 6, and ¢) the retardation value of the first
+A-film 7 and the second +A-film 9.

Table 4
Internal 2nd +A- Retardatio | 1st+A- + C-Film Internal Minimum
Protective Film n Value of Film (Retardation | Protective | Contrast
Film of 2nd | (Retardatio | VA-Panel | (Retardati Value) Film of 1st | Ratio at
Polarizing n Value) on Value} Polarizing | Tilt Angle
Plate(Retard Plate of 70°
ation Value) (Retardati
on Value)
CoP A-COP 330nm A-COP Polystyrene CCP 18
(Onm) (100nm) (260nm) (195nm) {Onm)
A-COP - A-COP Polystyrene CoP 18
(~100nm) (260nm) (195nm) {Onm)
TAC A-COP A-CQP Polystyrene TAC 30
(-64nm) (70nm) (262nm) (245nm) (-64nm)
TAC A-COP A-COP Polystyrene TAC 80
(-128nm) (40nm) (255nm) (280nm) (-128nm)
TAC A-COP A-COP + C-Film of TAC 80
(-128nm) (40nm) (253nm) LC(310nm) | (-128nm)
TAC A-COP A-COP + C-Film of PNB 70
(~128nm)} (26nm) (245nm) LC(496nm) | (-300om)

In the structure of the fourth embodiment, it can also be confirmed that the
minimum contrast ratio at a tilt angle of 70° in a dark state depending on set conditions
for the retardation values of the +A-film, the +C-film and the internal protective films
of the polarizing plates is superior to conventional contrast ratios, and that the leakage

of light in a dark state is minimized.
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[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

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

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.

In the 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.

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 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 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 ata
wavelength of 550 nm.

Examples of the internal protective film of the polarizing 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 triacetate cellulose
film and a polynorbornene (PNB) film having a negative retardation value, etc.

Examples of the first +A-film 7 and second +A-film 9 include a stretched cy-
cloolefin 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 polymer film, etc. The first +C-film 6 or second +C-film 11 may be
used as the internal protective film of the polarizing plate.

In Table 5 below are summarized the results of simulation 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 ¢) the re-
tardation value of the first +A-film 7 and the second +A-film 9.

Table 5
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Internal 2nd +C- | 2nd + A- | Retardatio | 1st +A- | 1st+C- Internal | Minimum
Protective Film Film n Value of Film Film Protective | Contrast
Film of 2nd | (Retarda | (Retarda | VA-Panel | (Retarda | (Retarda | Film of 1st | Ratio at
Polarizing tion tion tion tion FPolarizing Tilt
Plate Value) Value) Value) Value) | Plate(Reta | Angle of
(Retardatio rdation 70°
n Value) Value)
COP +C-Film | + A-Film 330nm +A-Film | + C-Film CoP 27
(Onm) of LC | of Cured of Cured [ of LC (Onm)
{140nm) | LC(200n LC(250n | (140nm)
m) m)
TAC +C-Film | + A-Film +A-Film | + C-Film TAC 30
(-64nm) of LC | of Cured of Cured | of LC (-64nm)
(206nm) | LC(200n LC(250n | (206nm)
m) m)
TAC +C-Film | A-COP A-COP | +C~Film TAC 90
(~64nm) of LC (200nm) (250nm) of LC (-64nm)
(210nm) (2:0nm)
TAC +C-Film | A-COP A-COP | +C-Film TAC 110
(~128nm) of LC (200nm) (250nm) of LC (~128nm)
(282nm) (282nm)
PNB +C-Film | A-COP A-COP | +C-Film PNB 120
(-250nm) of LC {200nm) (250nm) of LC (-250nm)
(418nm) (418nm)

[94]

[95]

[96]

[97]

[98]

The structure of a VA-LCD according to a sixth embodiment of the present
invention is characterized as follows.

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.

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 +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 absorption axis 4 of the second polarizing plate 3.

In 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.

Examples of the internal protective film of the polarizing plate include an un-

stretched cycloolefin polymer (COP) film having a retardation value close to 0, a
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[99]

[100]

[101]

[102]

[103]

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

Examples of the first +A-film 7 and the second +A-film 9 include a stretched cy-
cloolefin 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.

In Table 6 below are summarized the results of simulation 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 ¢) the re-
tardation value of the first +A-film 7 and the second +A-film 9.

Table 6
Internal 2nd +C- 2nd Retardati | 1st +A- | 1st+C- Internal Minimum
Protectiv Film +A- on Value Film Film Protective | Contrast
e Film of | (Retardati Film of VA- | (Retardati | (Retardat | Film of 1st | Ratio at
2nd on Value) | (Retarda Panel on Value) ion Polarizing Tilt
Polarizing tion Value) Plate(Retard | Angle of
Plate(Ret Value) ation Value) 70°
ardation
Value)
Polystyre - +A- 330nm | +A-Film - Polystyrene 24
ne(- Film of of Cured (-175nm)
175nm) Cured LC(260n
LC(260n m)
m)
TAC +C-Film | A-COP A-COP | +C-Film TAC 23
(-64nm) of LC (257nm) (257nm) of LC (~64nm)
(244nm) (244nm)
TAC +C-Film A-COP A-COP + C~Film TAC 22
(-128nm) of LC (257nm) (257nm) of LC (-128nm)
(3150m) (315nm)
PNB +C-Film A-COP A-COP +C-Film PNB 20
(-250nm) of LC (2570m) (25Tnm) of LC (-2500m)
(450nm) (450nm)

The structure of a VA-LCD according to a seventh embodiment of the present
invention is characterized as follows.

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
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[104]

[105]

[106]

[107]

[108]

[109]

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.

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.

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 preferably 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.

Examples of the internal protective film of the polarizing 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 triacetate cellulose
film and a polynorbornene (PNB) film having a negative retardation value, etc.

Examples of the first +A-film 7 and the second +A-film 9 include a stretched cy-
cloolefin polymer film, a stretched polycarbonate film, a horizontally aligned UV
curing 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 +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.

In Table 7 below are summarized the results of simulation 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 ¢) the re-
tardation value of the first +A-film 7 and the second +A-film 9.

Table 7
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Internal 2nd +C- 2nd +A- | Retardat | 1st +A- | 1st +C- Internal Minimu
Protectiv Film Film ion Film Film Protective m
e Film of | (Retardati | (Retardati | Value of | (Retarda | (Retarda | Film of 1st | Contrast
2nd on Value) | on Value) VA- tion tion Polarizing Ratio at
Polarizing Panel Value) Value) | Plate(Retard Tilt
Plate(Ret ation Valtue) { Angle of
ardation 70°
Value)
Polystyre - A-COP 330nm A-COP - Palystyrene 100
ne(- (200nm) (257nm) (-166nm)
175nm)
COP + C-Film A-COP A-COP | +C-Film COP 110
(Onm) of LC {200nm) (257nm) of LC (Onm)
(132nm) (175nm)
TAC + C-Film A-COP A-COP | &44+C- TAC 100
(-64nm) of LC (200nm) (257nm) Film (-64nm)
(204nm) (250nm)
TAC +C-Film A-COP A-COP | +C-Film TAC 83
(-64nm) of LC (200nm) (257nm) of LC (-128nm)
(278nm) (320nm)

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]
[118]

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 of the present invention.

[Example 1]

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

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

As a +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 wavelength of 550 nm.

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.

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

[Example 2]

The VA-LCD of FIG. 2 according to the second embodiment of the present
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[119]

[120]

[121]

[122]

[123]
[124]

[125]

[126]

[127]

[128]

[129]
[130]

[131]

invention was fabricated.

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

As a +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.

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

When white light was used, a graph showing confrast at tilt angles from 0 to 80°
with respect to the entire radius angle is shown in FIG. 9.

[Example 3]

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

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

As a +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 wavelength of
550 nm.

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.

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

[Example 4]

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

In particular, a VA-LCD panel 5 filled with liquid crystals having a cell gap of 3.35
0, a pre-tilt angle of 89°, dielectric anisotropy (A€) of liquid crystals of -4.9, and bire-
fringence (An) of 0.098 was used. The VA-panel 5 had a thickness retardation value of



20

WO 2006/107148 PCT/KR2006/000853

[132]
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[140]
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[142]
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[144]

328 nm at a wavelength of 550 nm.

As a +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 wavelength of
550 nm.

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.

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

[Example 5]

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

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

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.
As a second +C-film 11, 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.

As a first +A-film 7, a stretched cycloolefin polymer film was used, the in-plane re-
tardation 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.

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.

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

[Example 6]

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

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

As a first +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.
As a second +C-film 11, 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.

As a first +A-film 7, a stretched cycloolefin polymer film was used, the in-plane re-
tardation 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.

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.

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

[Example 7]

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

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

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.

As a first +A-film 7, a stretched cycloolefin polymer film was used, the in-plane re-
tardation 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.

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.

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

Although the preferred embodiments of the present invention have been disclosed
for illustrative purposes, those skilled in the art will appreciate that various modi-
fications, additions and substitutions are possible, without departing from the scope

and spirit of the invention as disclosed in the accompanying claims.
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Industrial Applicability
[157] 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.
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Claims
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.

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, in which an optic axis of the second +A-film is
perpendicular to the absorption axis of the second polarizing plate.

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 perpendicular to the absorption axis
of the first polarizing plate, and the optic axis of the second +A-film is per-
pendicular to the absorption axis of the second polarizing plate.

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
perpendicular to the absorption axis of the second polarizing plate.

The vertically aligned liquid crystal display according to claim 1, wherein the
optic axis of the first +A-film is perpendicular 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.

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
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[7]

[8]

[9]

[10]

[11]

[12]

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.

The vertically aligned liquid crystal display according to claim 2, wherein the
optic axis of the first +A-film is perpendicular 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.

The vertically aligned liquid crystal display according to claim 2, wherein the
optic axis of the first +A-film is perpendicular 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.

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 wavelength of 550 nm.

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 re-
tardation 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.

The vertically aligned liquid crystal display according to claim 4, wherein the
second +A-film is disposed perpendicular 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.

The vertically aligned liquid crystal display according to any one of claims 1 to

11, wherein the +A-film comprises at least one selected from among a stetched
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[13]

[14]

[15]
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cycloolefin polymer film, a stretched polycarbonate film, and a horizontally
aligned UV curing type liquid crystal film.

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.

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.

The vertically aligned liquid crystal display according to claim 14, wherein the
internal protective film comprises at least one selected from among an un-
stretched cycloolefin polymer film, a triacetate cellulose film, and a poly-
norbornene film.

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, re-
spectively.

The vertically aligned liquid crystal display according to any one 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, re-
spectively.

The vertically aligned liquid crystal display according to any one of claims 1 to
11, which uses a multidomain vertically 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 [I.
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AMENDED CLAIMS
received by the International Bureau on 28 July 2006 (28.07.2006)

[Claim 1]

Avertically 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, inwhich
one or more first +A-films and one or more first 4C-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.

[Claim 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, in which an optic axis of the second +A-film is

perpendicular to the absorption axis of the second polarizing plate.

[Claim 3]

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~f{ilm 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

perpendicular to the absorption axis of the second polarizing plate,

[Claim 4]

The vertically aligned liquid crystal display according to ¢laim 1, further

AMENDED SHEET (ARTICLE 19)
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comprising one or more second tA-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

perpendicular to the absorption axis of the second polarizing plate,

[Claim 5]

The vertically aligned liquid crystal display according to claim 1, wherein
the optic axis of the first +A-film is perpendicular 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 mm 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.

[Claim 6]

The vertically aligned liquid crystal display according to claim 1, wherein
the optic axis of the [irst +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 mm, and the first +C-film has a thickness

retardation value ranging from 200 nm to 600 nm at a wavelength of 550 nm,

[Claim 7]

The vertically aligned liquid crystal display according to ¢laim 2, wherein
the optic axis of the first +A-film is perpendicular 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

AMENDED SHEET (ARTICLE 19)
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nm to 150 nm at a wavelength of 550 nm,

[Clain 8]
(Amended) The vertically aligned liquid crystal display according to ¢laim
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 om at a wavelength of 550 nm, the [irst +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.

[Claim 91
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 mm to

600 nm at a wavelength of 550 nm.

[Claim 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.

[Claim 11])

The vertically aligned liquid crystal display according to claim 4, wherein

AMENDED SHEET (ARTICLE 19)
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the second +A-film is disposed perpendicular to the absorption axis of the second
polarizing plate, the first +A-[ilm 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 om to 600 nm at a wavelength of 550 nm,

[Claim 12]
The vertically aligned liquid ¢rystal display according to any one 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.

[Claim 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.

[Claim 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 O or a negative

thickness retardation value.

[Claim 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

polynorbornene film.

AMENDED SHEET (ARTICLE 19)
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[Claim 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 filmof the first polarizing plate and/or the second polarizing

plate, respectively.

[Claim 17]
The vertically aligned liquid crystal display according to any one of claims
1 to 11, wherein the first +C-film and/or the second +C-film function as the
internal protective filmof the first polarizing plate and/or the second polarizing

plate, respectively,

[Claim 18]
The vertically aligned liquid crystal display according to any one of claims
1 to 11, which uses a multidomain vertically 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 /m.

AMENDED SHEET (ARTICLE 19)
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STATEMENT UNDER PCT ARTICLE 19
Claim 8 has been amended herein to incorporate the contents that are already
described into the Claims. These amendments should have no effect on the

description and drawings.



1/7

WO 2006/107148 PCT/KR2006/000853

[Fig. 1]

-2nd polarizing plate(3) I @)

| _"VA—.pa.n.eI (5) -

+A—film (7) | T (8)

+C—film (6)

1st polarizing plate (1)

Q)

[Fig. 2]

2nd polarizing plate(3)

4)

' :_. VA¥paheI (5)

+A—film (7) > (8)

+C—film (6)

1st polarizing plate (1)

<> (2




2/7

WO 2006/107148
[Fig. 3]
| 2nd polarizing plate (3) I(4)
2nd +A—film (9) 9

1st +A—film (7
t Q) I ®

+C—film (6)

1st polarizing plate (1)

> (2)

[Fig. 4]

Znd polarizing plate (3) i (4)

2nd +A—film (9)

> (10)

VA;bahel (5)

1st +A—film (7) (8)

+C—film (6)

1st polarizing plate (1)

Q)

PCT/KR2006/000853



3/7

WO 2006/107148

[Fig. 5]

Z2nd polarizing plate (3) T (4)

2nd +C—film {11)

2nd +A—film (9)

(10)
 VApael ) —

1st +A—film (7)' I | (-g)'

1st +C—film (6)

1st polarizing plate (1)

<+ (2)

[Fig. 6]

2nd polarizing plate (3) T )

2nd +C—film {11)

2nd +A—film (9)

VA-panel (5}

1st +tAfilm(7) <> (8)

Ist +C—film (6)

1st polarizing plate (1)

Q)

PCT/KR2006/000853



477

WO 2006/107148 PCT/KR2006/000853

[Fig. 7]

2nd polarizing plate (3) I(4)

2nd +C—film {11)

2nd +A-fim () €—%(10)

: VA—panéI (5) N

1st +A—film (7) <+—»(8)

1st +C—film (6)

1st polarizing plate (1)

+—»(2)
[Fig. 8]

100

a0

a0

70

G0

180 | A0

90~100 40

30~90 10

7030 .
60~70

50~60 &
40~50

30~40
20~30

10~20
0~10




PCT/KR2006/000853

5/7

WO 2006/107148

[Fig. 9]

40

— 100

— 30
— 20
—— 10

60~70

90~100

80~90

40~50

<
¥ 8
1
<
[
32

)
9
<
—



6/7

WO 2006/107148 PCT/KR2006/000853
[Fig. 11]
100
50
a0
70
B0
50
40
0
20
10
0
100
Jo0
ol 50
! 70
B0
=0
40
0
20
10




WO 2006/107148

180

450~500

400~450
350~400

300~350
250~300
200~250
150~200
100~150

i e et
! o
R

270

77

[Fig. 13]

[Fig. 14]

500

450

400

3450

300

250

200

150

100

alll

PCT/KR2006/000853



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2006/000853

A. CLASSIFICATION OF SUBJECT MATTER

GO2F 1/1335(20006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC8 GO2F, G02B,

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
KR : IPC as above

Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used)
NPS : "Vertical, Alligned, LCD, Display, Wide, View, Compensation, Film"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X KR 1999-004389 A (SAMSUNG ELECTRONICS. CO.) 15 JANUARY 1999 1-4
Abstract, Page 3 - page 5
A Figs5-14 5-18
A JP 2003-195310 A (NEC CO.) 9 JULY 2003 1-18

Abstract, Fig 1,7, 10

A JP 08-122770 A (HOSIDEN CO.) 17 MAY 1996 1-18
Abstract, Fig 1

A JP 11-287994 A (FUJI PHOTO FILM CO.) 19 OCTOBER 1999 1-18
See the whole document

A JP 2002-55342 A ( SHARP CO.) 20 FEBRUARY 2002 1-18
See the whole document

|:| Further documents are listed in the continuation of Box C. |E See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
20 JUNE 2006 (20.06.2006) 21 JUNE 2006 (21.06.2006)
Name and mailing address of the ISA/KR Authorized officer »
' Korean Intellectual Property Office
920 Dunsan-dong, Seo-gu, Daejeon 302-701, BYUN, Hyung Cheol
, . Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-5772

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2006/000853
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR19990004389 15.01.1999 KR26505481 01.09.2000
US06646701 11.11.2003
US20020149733A1 17.10.2002
US2002149733AA 17.10.2002
US20040046916A 1 11.03.2004
US2004046916A1 11.03.2004
US2004046916AA 11.03.2004
US2005280760AA 22.12.2005
UsSe646701BB 11.11.2003
US694385888 13.09. 2005
JP2003195310 09.07.2003 NONE
JP08122770 17.05.1996 DEEI9516353T2 12.10.2000
EPCO708353A1 24.04.1996
EPCO708353B 1 19.04.2000
EPO708353A1 24.04.1996
EP708353A1 24.04.1996
EP708353B 1 19.04.2000
JP08122770 17.05. 1996
JP8122770A2 17.05. 1996
KR1019960015018 22.05. 1996
KR255142B1 01.05.2000
TW4750808 01.02.2002
TWA75080A 01.02.2002
US5796457A 18.08. 1998
JP11287994 19.10.1999 NONE
JP2002055342 20.02.2002 JP14055342 20.02.2002
JP18085203 30.03.2006
JP2002055342A2 20.02.2002
JP2006085203A2 30.03.2006
JP3763401B2 05.04.2006
KR1020010110137 12.12.2001
US20010048497A1 06.12.2001
US2001048497A1 06.12.2001
US2001048497AA 06.12.2001
US2005225706AA 13.10.2005
UsSe92222288 26.07.2005

Form PCT/ISA/210 (patent family annex) (April 2005)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCHRS

CPCH%E=

L 5ER

HAh A TF 30k

AN

BEG®F)

FEARB-—MEENONRREL IR , SEEFRLESNRIEHE
F-RIERAFMNE-_RmERS , ARREEEMN AN EERENER , H#

patsnap

BEERONARERE  EEEA+ a-RA+ c-RE T IMEAR

EP1859317A4 ASHUN = 2009-11-11
EP2006716303 Fi5 A 2006-03-10
KLEROERAF

LGILZHRAF.

LGILZHRA AL

JEON BYOUNG KUN 203 LG DORMITORY NEW YEOLLIP
BELYAEV SERGEY 6 201 LG CHEM DORMITORY
MALIMONENKO NIKOLAY 6 203 LG CHEM DORMITORY
CHANG JUN WON 103 LG CHEM NEW YEOLLIP

JANG SOO JIN 103 803 SEONGNAE 1 CHA E PYENHAN

JEON, BYOUNG-KUN, 203, LG DORMITORY NEW YEOLLIP.
BELYAEV, SERGEY, 6-201, LG CHEMISTRY DORMITORY
MALIMONENKO, NIKOLAY, 6-203,LG CHEMISTRY DORMITORY
CHANG, JUN-WON, 103, LG CHEMISTRY NEW YEOLLIP.
JANG, SOO-JIN, 103-803, SEONGNAE 1-CHA, E-PYENHAN

GO02F1/1335

GO02F1/1393 G02F1/133528 G02F1/13363 G02F2001/133531 G02F2001/13712 G02F2413/04
GO02F2413/11 G02F2413/13

1020050020183 2005-03-10 KR

EP1859317B1
EP1859317A1

Espacenet

2nd polarizing plate (3) I @

SERANN SERRENEERAGES  Hia+AimAls CHE [T
BEEE—RREAEESSNERZHE  + CERETE—miRAA. | VAPl ) -
ABBZE - ABROARTAFREETE—FRANEES. B | [ ammen o
BAEN  THUEENENAEAANAETRSEERROAAER | )
SN L | I A A E RS TRATAANSBRML N ——

AREMAHCE. EEHFIINKRL KR

+C—film (6)

1st polarizing plate (1)

“«>(2)



https://share-analytics.zhihuiya.com/view/bf87d5f7-d36a-48b0-b85a-687bb2e9116c
https://worldwide.espacenet.com/patent/search/family/037073675/publication/EP1859317A4?q=EP1859317A4

