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Description

INTEGRATED O FILM FOR IMPROVING VIEWING ANGLE

[1]

[2]

[3]

[4]

[5]

[6]
[7]

OF TN-LCD, AND POLARIZER PLATE AND TN-LCD

INCLUDING THE SAME
Technical Field

The present invention relates to an integrated O film for improving a viewing angle
of a twisted nematic liquid crystal display (TN-LCD), and a polarizer plate and a TN-
LCD including the same, and more particularly, a compensation film, which is capable
of improving a contrast characteristic at a front side and an inclination angle and
minimizing a color variation according to a viewing angle in a dark state, and a

polarizer plate and a TN-LCD including the same.

Background Art

A liquid crystal display (LCD) is a display device for implementing a desired image
by selectively transmitting light emitted from a backlight using a polarization
phenomenon of liquid crystal.

FIG. 1 shows a phenomenon for selectively transmitting light in a TN-LCD used
widely. As shown in FIG. 1A, an angle between the polarization axes between a light
source side polarizer plate 10 and a viewer side polarizer plate 20 is 90°. Nematic
liquid crystal molecules 30 are filled between the two polarizer plates and the liquid
crystal molecules 30, which are close to the polarizer plates, are aligned in the same
directions as the polarization axes of the polarizer plates. Accordingly, the alignment
directions of the liquid crystal molecules which are close to the two polarizer plates are
orthogonal to each other, similar to the polarizer plates. In addition, the liquid crystal
molecules in a middle portion are twisted as shown in the drawing.

Accordingly, light 40 polarized by the light source side polarizer plate rotates by 90°
by the nematic liquid crystal molecules and, as a result, passes through the viewer side

polarizer plate.

However, when an electrical field is applied to the liquid crystal molecules 30, the
liquid crystal molecules 30 are arranged parallel to the direction of the electrical field
as shown in FIG. 1b. Accordingly, the light 40 which passes through the light source
side polarizer plate 10 does not rotate and reaches the viewer side polarizer plate 20 in
the direction polarized by the light source side polarizer plate such that the light does
not transmit through the viewer side polarizer plate 20 which rotates by 90° with

respect to the light source side polarizer plate 10.
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[8]

[9]

[10]

[11]
[12]

[13]

[14]

The LCD controls the transmission and blocking of the light by selectively applying
the electrical field to each pixel using the above-described phenomenon.

In the LCD, the contrast characteristic is improved when the light is surely
transmitted and blocked such that a bright state and a dark state appear. In particular,
when light leakage is minimized in the dark state, it is possible to improve the contrast
characteristic. No problem is caused in the contrast characteristic when a display
device is viewed from the front side, but the light leakage is unlikely to be perfectly
prevented in the dark state when the display device is viewed at an inclination angle.
As described above, in the LCD, the light is blocked by providing a polarizer plate
having a transmission axis perpendicular to the light polarized linearly at the viewer
side using a polarization phenomenon. However, when the light which reaches the
viewer side polarizer plate is not perfectly linearly polarized, a portion of the light may
be leaked.

Such a phenomenon may occur when the light travels in an inclination direction (in
the viewer's direction), not in a vertical direction. That is, the dark state is perfectly im-
plemented when the nematic liquid crystal molecules are aligned parallel to the
traveling direction of the light as shown in FIG. 1b. Accordingly, since the alignment
direction of the liquid crystal molecules and the traveling direction of the light are not
perfectly parallel to each other when the light travels in the inclination direction, an

additional phase variation occurs and thus the light is not perfectly blocked.

Another reason why the light leakage occurs in the dark state is because the liquid
crystal molecules are aligned in a horizontal direction equal to the orientation of an
alignment film, not parallel to the direction of the electrical field, in the boundary
between the alignment film and the liquid crystal (that is, the polarizer plate side), and
become aligned parallel to the direction of the electrical field as getting away from the
boundary between the alignment film and the liquid crystal, as shown in FIG. 2. Ac-
cordingly, there is caused a so-called splay alignment that the inclination angles of the
liquid crystal molecules gradually increase to be close to 90 from the boundary
between the alignment film and the liquid crystal to the center of the liquid crystal
layer.

The light may not be perfectly blocked in the dark state by the splay alignment of the
liquid crystal layer.

Conventionally, a variety of technologies were suggested in order to prevent the light
leakage. For example, Korean Patent Publication No. 10-0376378 discloses the
technology of improving the gray-scale characteristic and reducing light leakage using
an O film. In this technology, variations in light leakage amount among gray scales

according to viewing angles are minimized by an O-plate compensator having an in-
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[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

clination angle. In this technology, since light leakage amount can be properly
controlled according to the viewing angles, it is possible to manufacture a LCD having
a high gray-scale characteristic regardless of the viewing angle.

However, in this technology, since the O film is directly formed on a glass substrate,
productivity deteriorates. That is, in order to manufacture the O-plate compensator, a
low pretilt alignment layer and high pretilt alignment layer are formed on the glass
substrate. In this case, it takes much time to perform the process of forming the layers
on the glass substrate and it is difficult to manage the substrate.

In addition, in the conventional method, light leakage which occurs by the splay
alignment of the liquid crystal molecules can be reduced. However, the light leakage
due to the +C alignment of liquid crystal molecules (that is, since the liquid crystal
molecules are aligned parallel to the direction of the electrical field, the light can be
prevented from leaking to the front side. However, when the light travels in an in-
clination direction, a retardation occurs and thus a perfect dark state cannot appear) is
unlikely to be reduced.

When light reaches the polarizer plate at an inclination angle, a slight phase re-
tardation occurs in the polarizer plate, thereby causing light leakage. However, in the
Korean Patent Publication No. 10-0376378, it is difficult to perfectly prevent light

from leaking due to such various causes.

Disclosure of Invention

Technical Problem

The present invention has been made to solve the foregoing problems of the prior art
and therefore an aspect of the present invention is to provide an integrated O film for
improving a viewing angle of a TN-LCD having a improved contrast characteristic,
gray-scale characteristic or color characteristic by blocking various kinds of factors for

causing light leakage, and a polarizer plate and a TN-LCD including the same.

Technical Solution

According to an aspect of the present invention, there is provided an integrated O
film comprising a transversely-stretched negative biaxial (B) film, and a positive O
film laminated on the transversely-stretched negative B film.

According to another aspect of the present invention, there is provided a polarizer
plate comprising: a polarization film; and an integrated O film laminated on the po-
larization film, wherein the integrated O film includes a transversely-stretched negative
biaxial (B) film and a positive O film laminated on the transversely-stretched negative

B film, and wherein in-plane optical axes of the polarization film and the transversely-
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[23]

[24]
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[26]
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[34]
[35]
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[39]
[40]

[41]

stretched negative B film are orthogonal to each other.

According to another aspect of the present invention, there is provided a twisted
nematic liquid crystal display (TN-LCD) comprising: a pair of glass plates which face
each other; twisted nematic liquid crystal filled between the glass plates; polarizer
plates attached to the outsides of the glass plates, wherein each of the polarizer plates
include a polarization film and an integrated O film laminated on the polarization film,
wherein the integrated O film includes a transversely-stretched negative biaxial (B)
film and a positive O film laminated on the transversely-stretched negative B film.

The value N of the negative B film expressed by Equation 1 may be 0.1 to 2.

Equation 1 ’

Fl1_=-F1
= &

N = ‘()
Hx—ny

where, n,n , and n denote refractive indexes of x, y and zdirections, respectively.

The thlckness retardatlon value of the negative film may be -50 to -150 nm.

More preferably, the value N of the negative B film may be 0.3 to 1.

An average tilt angle of the pi)sitive O film expressed by Equation 2 may be 30° to
50° and a maximum value of the tilt angle may be 50° to 90°.

Equation 2

_T@(z)dz

average d

where, d denotes a thickness of the film and 0(z) denotes a tilt angle of the film in a
vertical position z.

An in-plane retardation value of the positive O film may be 50 to 150 nm.

The positive O film may include nematic liquid crystal.

An alignment film interposed between the negative B film and the positive O film
may be further included.

The alignment film may be an acrylic-based alignment film.

The alignment film may be an optical alignment film having an alignment char-
acteristic by irradiation of polarized ultraviolet rays.

The alignment film may include polynorbornene cinnamate or polyimide cinnamate.

Advantageous Effects

As described above, an integrated O film according to the present invention is man-
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ufactured by laminating a positive O film and a negative B film under an optimal
condition. Accordingly, it is possible to prevent light leakage in all directions and to
manufacture a TN-LCD capable of improving a contrast characteristic, gray scale char-
acteristic and color characteristic by using the integrated O film according to the
present invention.
Brief Description of the Drawings

[42] The above and other aspects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in

conjunction with the accompanying drawings, in which:

[43] FIGS. 1A and 1B resepctively are views showing a bright state and a dark state of a
TN-LCD;
[44] FIG. 2 is a schematic view showing the splay alignment of liquid crystal molecules

when an electrical field is applied to a TN-LCD;

[45] FIG. 3 is a schematic view showing the splay alignment state of a positive O film;

[46] FIG. 4 is a graph showing a contrast characteristic distribution of a TN-LCD
according to Embodiment 1 of the present invention;

[47] FIG. 5 is a graph showing a color characteristic distribution of the TN-LCD
according to Embodiment 1 of the present invention;

[48] FIG. 6 is a graph showing a contrast characteristic distribution of a TN-LCD
according to Embodiment 2 of the present invention;

[49] FIG. 7 is a graph showing a color characteristic distribution of the TN-LCD
according to Embodiment 2 of the present invention;

[50] FIG. 8 is a graph showing a contrast characteristic distribution of a TN-LCD
including a negative O film, for the purpose of comparison with the present invention;
and

[51] FIG. 9 is a graph showing a color characteristic distribution of a TN-LCD including a
negative O film, for the purpose of comparison with the present invention.

[52]

Best Mode for Carrying Out the Invention

[53] Hereinafter, the present invention will be described in detail.

[54] As described above, light leakage occurs because light polarized by a light source
side polarizer plate is subjected to a retardation before reaching a viewer side polarizer
plate and thus the light cannot reach the viewer side polarizer plate in a perfectly
linearly polarized state vertical to a transmission axis of the viewer side polarizer plate.

[55] The retardation for causing light leakage is classified into three types as follows:

[56] 1) A retardation which occurs when a TN-LCD is vertically erected, a viewing angle

is not parallel to the alignment direction of the liquid crystal molecules, and thus light
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[57]

[58]
[59]

[60]

[61]

[62]

[63]
[64]

[65]

[66]

travels at the viewing angle,

2) A retardation which occurs by a splay alignment portion of a TN-LCD (liquid
crystal molecules in a portion close to an alignment film or in a gray state may be
aligned in a splay alignment manner), and

3) A retardation which occurs when light obliquely enters a polarizer plate.

Accordingly, in order to prevent light from leaking, all the above-described re-
tardations must be compensated.

The inventors of the present invention carry out research on such problems and
confirm that all the retardations which occur in various patterns can be compensated
when a positive O film and a negative biaxial (B) film are arranged under an adequate
condition. Hereinafter, an integrated O film refers to a lamination of a positive O film
and a negative B film, and an O film refers to an O film layer.

Among the films, the O film is to compensate a retardation which occurs (that is, a
retardation which occurs due to a splay alignment) when, since an electrical field is
applied to liquid crystal molecules, the liquid crystal molecules are not vertically
aligned in the boundary between an alignment film and the liquid crystal, that is, are
aligned parallel to the alignment direction of the alignment film, and the liquid crystal
molecules become gradually more tilted in the direction of the electrical field.

As shown in FIG. 3, the molecules of the O film are preferably splay-aligned. In the
splay alignment of the molecules of the O film, an average tilt angle O defined by
Equation 3 is in a range of 30° to 50° and a maximum tilt angle is prefaf:;r;g‘;ly in a range
of 50° to 90° and more preferably in a range of 60° to 90°.

Equation 3

]{9(Z)dz

average d

where, d denotes the thickness of the film and 0(z) denotes a tilt angle at a vertical
position z in the film.

At this time, the O film is preferably formed of nematic liquid crystal. That is, the O
film is formed of liquid crystal, for the splay or oblique alignment. When the O film is
formed of discotic liquid cyrstal, an optical axis separation angle occurs. The optical
axis seperation angle indicates an angle between the alignment direction of the liquid
crystal molecules and a rubbing direction for aligning the liquid crystal molecules.
When the optical axis separation angle occurs, front contrast ratio and color char-

acteristic deteriorate. That is, when the optical axis separation angle occurs, light
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[67]

[68]
[69]
[70]

[71]

[72]

[73]

[74]

[75]

leakage occurs at the front side and more paricularly blue light leakage significantly
increases. Accordingly, a front color becomes blue and the contrast deteriorates. In
order to prevent contrast and color failures due to the optical axis seperation angle, the
optical axis separation angle should be managed within £0.5°. However, since the
discotic liquid crystal molecule has a coin shape and is symmetrical with respect to all
directions, the discotic liquid crystal molecules are unlikely to be aligned in a uniform
direction and thus are not suitable for managing the optical axis separation angle. In
contrast, since the nematic liquid crystal molecule has a rod shape, the nematic liquid
crystal molecules are easily aligned in a rubbing direction and are suitable for
managing the optical axis separation angle. Thus, the nematic liquid crystal is
preferably used.

The negative B film is an anisotropic film having the following relationship when the
refractive indexes of x, y, and z directions are respectively n ,n ,and n .

Equation 4 S ’

n #n>n

T)ile ryleg;tive B film respectively has optical axes in a direction ¢ (vertical to the
surface of the film) and a direction c (parallel to the surface of the film) and performs a
function similar to that of a negative C plate by the optical axis component of the
direction c¢. Accordingly, a retardation which occurs by a positive C plate formed of
liquid crystal by emitting light at an inclination angle is cancelled by a negative C
plate.

The direction a, which is the other optical axis of the negative B film, serves to
cancel a retardation which may occur when light enters the polarizer plate at an in-
clination angle.

The negative B film may be preferably a transversely-stretched film. As the
transversely-stretched film, a biaxially stretched cyclo-olefin polymer (COP) film, a
biaxially stretched polycarbonate (PC) film, a uniaxially stretched triacetate cellulose
(TAC) and poly norbornene film may be used. A biaxial liquid crystal may also be
used.

Accordingly, the positive O film and the negative B film serve to cancel the three re-
tardations. However, the positive O film and the negative B film must be used by the
following proper combination such that the effect of the present invention can be
obtained.

A lamination of the O film and the B film is used. In the lamination, the optical axis
of the O film and the optical axis (optical axis parallel to the surface of the film out of
the two optical axes) of the B film need to be orthogonal to each other.

In the lamination, the O film and the B film have adequate retardation values in order

to cancel the retardation effect due to the inclination angle.
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[76]

[82]

[83]
[84]

[85]

[86]

[87]

[88]

That is, each film has an in-plane retardation value according to Equation 5 and a
thickness retardation value according to Equation 6, all of which are in respective
adequate ranges. In Equations, d denotes the thickness of the filmand n,n and n
denote the refractive indexes of X, y, and z directions. S ’

Equation 5

In-plane retardation value (R ) =dx(n -n )

Equation 6 ’ s

Thickness retardation value (Rm) = dx(nz—ny)

The present inventors obtained the researched result that the in-plane retardation
value R of the B film for preventing light leakage when light reaches the polarizer
plate at 1'?he inclination angle should be 150 to 250 nm. If the in-plane retardation value
is less than 150 nm, the light leakage significantly increases and thus a contrast ratio
decreases. In contrast, if in-plane retardation value is greater than 250 nm, the color of
the dark state unpreferably varies.

If the in-plane retardation value of the B film is in the above-described range, a value
N expressed by Equation 7 is preferably in a range of 0.1 to 2 in order to further
in;prove the contrast ratio. If the value N is less than 0.1, the contrast ratio decreases.
In contrast, if the value N is greater thanz2, a variation in color of the dark state un-
preferably increases. It is Zrnore preferable that the value NZ is in arange of 0.3 to 1.

Equation 7

vl
. -1 3

Equation 7 indicates a ratio of the thickness retardation value Rth to the in-plane re-
tardation value R . Accordingly, since the preferable range of the in-plane retardation
value R is previgusly obtained, the range of the thickness retardation value can be
obtainecli1 by Equation 5.

The thickness retardation value of the B film for further improving a contrast ratio
while satisfying Equation 7 is -50 to -150 nm.

The integrated O film is formed by laminating the O film on the B film. The re-
tardation value of the O film should be determined in consideration of the retardation
value of the B film. According to the researched result of the present inventors, it is
preferable that the proper in-plane retardation value of the O film is 50 to 150 nm and
the thickness retardation value is 50 to 150 nm.

The various retardations can be cancelled by the combination of the positive O film
and the negative B film. Accordingly, a good constrast characteristic, color char-

acteristic and gray scale characteristic can be obtained in a wide viewing angle.
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[90]

[91]
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In the integrated O film, an alignment film may be further formed on the B film base
in order to align the O film on the B film in a necessary direction. At this time, the
alignment film is preferably an acrylic-based alignment film, for example, an
alignment film including a mixture of penta acrylate and modified poly vinyl alcohol
(PVA). Instead of the acrylic-based alignment film, an optical alignment film having
an alignment characteristic by irradiation of polarized ultraviolet rays may be used as
the alignment film. The example of the optical alignment film may include poly-
norbornene cinnamate or polyimide cinnamate.

The present invention provides a polarizer plate and a TN-LCD including the
integrated O film including the O film and the B film.

In the polarizer plate, the polarization film, the B film and the O film are laminated in
this order, or the polarization film, the O film and the B film are laminated in this order
(That is, the integrated O film is laminated on the polarization film). The B film is
laminated such that the in-plane optical axis of the B film is orthogonal to the
absorption axis of the polarizer plate. The O film is laminated such that the optical axis
of the O film is orthogonal to the in-plane optical axis of the B film.

Integrated O films laminated on polarizer plates may have the characteristic of the
integrated O film according to the present invention.

The present invention also provides a TN-LCD including a pair of glass plates which
face each other, twisted nematic liquid crystal filled between the glass plates, and
polarizer plates attached to the outsides of the glass plates. That is, the TN-LCD
according to the present invention includes the polarizer plate, the glass plate, the
liquid crystal, the glass plate and the polarizer plate, all of which are arranged in this
order. The TN-LCD according to the present invention includes the polarizer plate
having the characteristic of the above-described lamination.

Accordingly, the integrated O film which is the lamination included in the polarizer
plate includes all the characteristics of the integrated O film according to the present
invention.

When the above-described TN-LCD is used, it is possible to minimize light leakage

due to the retardaton compensation effect of the integrated O film.

Mode for the Invention

Embodiment 1

A LCD having a dielectric anisotropy of Ae>0 and refractive indexes of liquid
crystal of n =1.595 and n =1.5 and including an LCD panel having a thickness of 4.80
and a Compeensation film ivas manufactured. A polarization film is aligned at an angle

of 45° with horizontal direction of LCD Panel and the absorption axis of the po-
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[99]

[100]

[101]

[102]

[103]
[104]
[105]

[106]

[107]

larization film is parallel to the optical axis of the LCD panel. An integrated O film
was interposed between the LCD panel and the polarization film.

The integrated O film was manufactured by coating a negative B film with a splay-
aligned liquid crystal film (O film). The optical axis of the O film was orthogonal to
that of the B film. The absorption axis of the polarization film was parallel to the
optical axis of the O film and the absorption axis of the polarization film was
orthogonal to the optical axis of the negative B film.

A counter polarization film was provided on the outside of the LCD panel. The
absorption axis of the counter polarization film was aligned at an angle of 135° with
horizontal direction of LCD Panel and an integrated O film was interposed between the
LCD panel and the counter polarization film. The absorption axis of the counter po-
larization film was parallel to the optical axis of the O film and was orthogonal to the
optical axis of the negative B film, similar to the above-descried polarization film.

The O film included in the integrated film has an in-plane retardation value of R =60
nm and is formed of nematic liquid crystal. In the splay alignment of the O film, alrI;
average tilt angle expressed by Equation 3 was 45°. The in-plane retardation value of
the negative B film is R,
=-100 nm. 1

The contrast characteristic is shown in FIG. 4 and the color characteristic is shown in

=190 nm and the thickness retardation value thereof is Rth

n

FIG. 5. In the drawings, line 1 indicates a boundary of an area having a contrast ratio
of above 15:1, line 2 indicates an area having a contrast ratio of above 20:1, and line 3
indicates an area having a contrast ratio of above 30:1. From the drawings, it can be
seen that the area having the contrast ratio of above 15:1 is widely distributed and a

variation in color characteristic is Au<(0.015 and Av<0.15, that is, is very small.

Embodiment 2

A TN-LCD of Embodiment 2 is similar to that of Embodiment 1 except that the in-
plane retardation value of the B film included in the integrated O film is 180 nm and
the thickness retardation value thereof is 100 nm. The optical characteristic and the
color characteristic of the TN-LCD of Embodiment 2 were evaluated.

The contrast characteristic is shown in FIG. 6 and the color characteristic is shown in
FIG. 7. In the drawings, line 1 indicates a boundary of an area having a contrast ratio
of above 15:1, line 2 indicates an area having a contrast ratio of above 20:1, and line 3
indicates an area having a contrast ratio of above 30:1. From the drawings, it can be
seen that the area having the contrast ratio of above 15:1 is widely distributed and a
variation in color characteristic is slightly larger than that of Embodiment 1, but is very

small.
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Comparative Example 1

A TN-LCD of Comparative Example 1 is similar to that of Embodiment 1 except that
WV-EA compensation film (made by Fuji Photo Film Co., Ltd) is used as a com-
pensation film. The optical characteristic and the color characteristic of the TN-LCD of
Comparative Example 1 were evaluated.

The contrast characteristic is shown in FIG. 8 and the color characteristic is shown in
FIG. 9. As can be seen from the FIG. 8, the compensation film manufactured by
Comparative example 1 has the same contrast characteristic as the embodiments of the
present invention. However, there is a phenomenon that the front color characteristic
deteriorates as shown in FIG. 9. That is, in the comparative example, an optical axis
separation angle is widely distributed and a variation in color characteristic shown in
FIG. 9 is Av>0.2 and Au>0.03, which is larger than those shown in FIGS. 5 and 7.
Line 1 varies depending on a viewing angle.

The reason why the color coordinate is shifted is supposed because the negative O
film was used. That is, in the negative O film, discotic liquid crystal is used as the
liquid crystal included in the O film. As described above, the discotic liquid crystal is
more unlikely to be aligned in an alignment axis, compared with nematic liquid crystal

used in a positive O film. As a result, an optical axis separation angle occurs.

Industrial Applicability

Accordingly, the comparative example using the negative O film has a color char-
acteristic inferior to the embodiments of the present invention.

As described above, an integrated O film according to the present invention is ma
nufactured by laminating a positive O film and a negative B film under an optimal
condition. Accordingly, it is possible to prevent light leakage in all directions and to
manufacture a TN-LCD capable of improving a contrast characteristic, gray scale char-
acteristic and color characteristic by using the integrated O film according to the
present invention.

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.
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[5]

[6]

[7]

[8]

[9]

[10]

Claims

An integrated O film comprising a transversely-stretched negative biaxial (B)
film, and a positive O film laminated on the transversely-stretched negative B
film.

The integrated O film according to claim 1, wherein an in-plane retardation value
of the negative B film is 150 to 250 nm.

The integrated O film according to claim 2, wherein, a value N of the negative B
film expressed by Equation 8 is 0.1 to 2. Z

Equation 8

vl
.-n 3

where, n , n , and n denote refractive indexes of X, y and zdirections, re-

spectivelxy. ’ Z

The integrated O film according to claim 3, wherein a thickness retardation value

of the negative film is -50 to -150 nm.

The integrated O film according to claim 3, wherein the value N of the negative

B filmis 0.3 to 1. Z

The integrated O film according to claim 1, wherein an average tilt angle of the

positive O film expressed by Equation 9 is 30° to 50° and a maximum value of

the tilt angle is 50° to 90°.
Equation 9

]{(9(2)612
0 _ 0

average d

where, d denotes a thickness of the film and 0(z) denotes a tilt angle of the film
in a vertical position z.

The integrated O film according to any one of claims 2 to 6, wherein an in-plane
retardation value of the positive O film is 50 to 150 nm.

The integrated O film according to claim 1, wherein the positive O film includes
nematic liquid crystal.

The integrated O film according to claim 1, further comprising an alignment film
interposed between the negative B film and the positive O film.

The integrated O film according to claim 9, wherein the alignment film is an



13

WO 2007/142458 PCT/KR2007/002733

[11]

[12]

[13]

[14]

[15]

[16]

[17]

acrylic-based alignment film.

The integrated O film according to claim 9, wherein the alignment film is an
optical alignment film having an alignment characteristic by irradiation of
polarized ultraviolet rays.

The integrated O film according to claim 11, wherein the alignment film includes
polynorbornene cinnamate or polyimide cinnamate.

A polarizer plate comprising:

a polarization film; and

an integrated O film laminated on the polarization film,

wherein the integrated O film includes a transversely-stretched negative biaxial
(B) film and a positive O film laminated on the transversely-stretched negative B
film, and

wherein an in-plane optical axes of the polarization film and the transversely-
stretched negative B film are orthogonal to each other.

The polarizer plate according to claim 13, wherein an in-plane retardation value
of the negative B film is 150 to 250 nm.

The polarizer plate according to claim 14, wherein, a value N of the negative B
film expressed by Equation 10 is 0.1 to 2. Z

Equation 10

v
.-n 3

where, n , n , and n denote refractive indexes of X, y and z directions, re-

spectivelxy. ’ Z

The polarizer plate according to claim 13, wherein an average tilt angle of the

positive O film expressed by Equation 11 is 30° to 50° and a maximum value of

the tilt angle is 50° to 90°.
Equation 11

]{6’(z)dz

average d

where, d denotes a thickness of the film and 0(z) denotes a tilt angle of the film
in a vertical position z.
A twisted nematic liquid crystal display (TN-LCD) comprising:

a pair of glass plates which face each other;
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[18]

[19]

[20]

twisted nematic liquid crystal filled between the glass plates; and

polarizer plates attached to the outsides of the glass plates,

wherein each of the polarizer plates include a polarization film and an integrated
O film laminated on the polarization film,

wherein the integrated O film includes a transversely-stretched negative biaxial
(B) film and a positive O film laminated on the transversely-stretched negative B
film.

The TN-LCD according to claim 17, wherein an in-plane retardation value of the
negative B film is 150 to 250 nm.

The TN-LCD according to claim 18, wherein, a value N of the negative B film
expressed by Equation 12 is 0.1 to 2. Z

Equation 12

vl
-1 3

where, n , n , and n denote refractive indexes of X, y and z directions, re-

spectivelxy. ’ Z

The TN-LCD according to claim 17, wherein an average tilt angle of the positive

O film expressed by Equation 13 is 30° to 50° and a maximum value of the tilt

angle is 50° to 90°.
Equation 13

_T@(Z)dz

averdage d

where, d denotes a thickness of the film and 0(z) denotes a tilt angle of the film

in a vertical position z.
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