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IN-PLANE SWITCHING LIQUID CRYSTAL
DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to an integrated wide
viewing film, and more particularly, to an integrated wide
viewing film employed in an in-plane switching liquid crystal
display (IPS-LCD) and capable of improving a contrast ratio
in a diagonal direction.

BACKGROUND ART

[0002] An in-plane switching liquid crystal display (IPS-
LCD) has liquid crystals initially oriented parallel to a glass
substrate and at a predetermined angle with respect to an
electrode, and a magnetic field oriented parallel to the glass
substrate. The IPS-LCD exhibits a smaller difference in
refractivity of a liquid crystal according to a viewing angle
and a wider angel of view than a TN-mode where a liquid
crystal is oriented vertically.

[0003] The IPS-LCD breaks down into in-plane switching
(IPS), super in-plane switching (Super IPS), and fringe field
switching (FFS) according to a mode of an active matrix
driving electrode including a pair of electrodes. However,
IPS-LCD of the present invention is construed to encompass
all of them.

[0004] As described above, the IPS-LCD has a liquid crys-
tal oriented in a parallel direction and thus shows little change
in refractivity according to a viewing angle. But the IPS-
LCD, when viewed from the side, has the liquid crystal
arranged asymmetrically, thereby undergoing color-shift in
the left and right sides. Also, the IPS-LCD experiences high
light leakage at an inclined angle, thus showing a low contrast
ratio at the inclined angle.

[0005] Korean Patent Publication No. 2005-0073221 dis-
closes an IPS-LCD device in which a wide viewing film
including a negative biaxial film and a +C plate is disposed
between a liquid crystal cell and a polarized plate to improve
contrast characteristics in the front and at an inclined angle
and minimize color-shift. However, this related art still exhib-
its a low contrast ratio in a diagonal direction.

DISCLOSURE OF INVENTION
Technical Problem

[0006] 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 wide viewing
film which improves contrast characteristics in the front and
at sides including a diagonal direction for an in-plane switch-
ing liquid crystal display filled with a liquid crystal having a
positive dielectric anisotropy, and an IPS-LCD using the
same.

Technical Solution

[0007] In order to achieve the objective, inventors of the
present invention have conducted repeated studies and dis-
covered that an IPS-LCD can be improved in contrast char-
acteristics in a diagonal direction by utilizing an integrated
wide viewing film having a uniaxial liquid crystal +C film
stacked on a negative biaxial retardation film or a uniaxial
retardation film with an in-plane retardation which are used to
enhance a front contrast ratio. Here, the uniaxial liquid crystal
+C film has an optical axis in a thickness direction and
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inclined at a predetermined angle in an in-plane direction.
Based on these findings, the inventors completed the present
invention.

[0008] According to an aspect of the invention, the inven-
tion provides an integrated wide viewing film including: a
first film having an optical axis located in-plan; and a second
film having an optical axis located in a thickness direction
thereof, and inclined at a predetermined angle in an in-plane
direction.

[0009] The second film may have the optical axis inclined
at an angle of —5° to +5° particularly, —=3° to +3° with respect
to a vertical direction.

[0010] The firstfilm may be an +A-film satisfying n,>n,=n,
and the second film may be a +C-film satisfying n,=n <n,.
The +A-film may have an in-plane retardation of 50 nm to 150
nm at a wavelength of 550 nm, and the film may have a
thickness retardation of 50 nm to 250 nm at a wavelength of
550 nm.

[0011] The +A film may be disposed such that the optical
axis of the +A film is perpendicular to an absorption axis of a
polarized plate adjacent to the +A film. The +A film may have
the optical axis disposed parallel to an absorption axis of a
polarized plate adjacent to the +A film.

[0012] The first film is a -B-film satisfying n,>n,>n, and
the second film is a +C-film satisfying n,=n, <n,. The -B film
may have an in-plane retardation of 50 to 150 nm and a
thickness retardation of =50 to -200 nm at a wavelength of
550 nm, and the +C-film may have a thickness retardation of
50 nm to 250 nm at a wavelength of 550 nm.

[0013] The first film may be a stretched polymer film and
the second film may be a liquid crystal film.

[0014] According to an aspect of the invention, the inven-
tion provides an in-plane switching liquid crystal display
(IPS-LCD) including: a liquid crystal panel including an
upper substrate, a lower substrate and a liquid crystal cell
filled with a liquid crystal having a positive dielectric anisot-
ropy; and first and second polarized plates disposed on both
sides of the liquid crystal panel, respectively, wherein the
liquid crystal in the liquid crystal cell has an optical axis
located in-plane parallel to the polarized plates, the first and
second polarized plates have absorption axes perpendicular to
each other, wherein the IPS-LCD includes an integrated wide
viewing film formed between the liquid crystal panel and the
second polarized plate, wherein the integrated wide viewing
film comprises a first film having an optical axis located
in-plan; and a second film having an optical axis located in a
thickness direction thereof, and inclined at a predetermined
angle in an in-plane direction.

[0015] Theliquid crystal cell may have a retardation of 300
nm to 400 nm at a wavelength of 550 nm.

[0016] Each ofthe firstand second polarized plates may use
an isotropic film as a protective film.

[0017] The isotropic film may be a cyclo-olefin polymer
(COP) film or a zero TAC film having no retardation.

[0018] The second film may have an optical axis inclined at
an angle of -5° to +5° with respect to a vertical direction,
particularly at an angle of -3° to +3°.

[0019] The liquid crystal cell may have a splay orientation
ofliquid crystal, the first film is a +A film satisfyingn,>n,=n,,
the second film is a +C film satisfying n,=n <n_, and the first
film has an optical axis perpendicular to an absorption axis of
the second polarized plate.

[0020] The liquid crystal cell may have a homogeneous
orientation of liquid crystal, the first film is a +A film satis-
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fying n,>n,=n,, the second film is a +C film satisfying
n,=n,<n,, and the first film is disposed parallel to an absorp-
tion axis of the second polarized plate.

[0021] Theliquid crystal cell may have splay orientation of
liquid crystal, the first film may be a -B-film satisfying
n>n>n,, and the second film may be a +C-film satisfying

n,=n,<n,.
Advantageous Effects

[0022] An in-plane switching liquid crystal display (IPS-
LCD) of the present invention employs an integrated wide
viewing film including a film having an optical axis in a
thickness direction and inclined at a predetermined angle to
ensure a wide angle of view regardless of orientation of a
liquid crystal within a liquid crystal cell.

[0023] Also, the IPS-LCD employing the integrated wide
viewing film of the present invention is improved in a contrast
ratio in a diagonal direction and free from color-shift.

BRIEF DESCRIPTION OF DRAWINGS

[0024] The above and other objects, 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:
[0025] FIG. 1 illustrates a basic structure of an in-plane
switching liquid crystal display (IPS-LCD);

[0026] FIG. 2 illustrates a refractivity of a retardation film
used to compensate for an angle of view;

[0027] FIGS. 3A to 3C illustrate an integrated wide view-
ing film according to exemplary embodiments of the inven-
tion;

[0028] FIGS. 4A and 4B illustrate orientation of liquid
crystals of an IPS-L.CD;

[0029] FIGS. 5A and 5B illustrate an IPS-LCD according
to an exemplary embodiment of the invention, respectively;
[0030] FIGS. 6A and 6B illustrate an IPS-L.CD according
to another exemplary embodiment of the invention, respec-
tively;

[0031] FIGS. 7A and 7B illustrate an IPS-L.CD according
to still another exemplary embodiment of the invention,
respectively;

[0032] FIG. 8is a simulation result of Inventive Example 1
of the present invention;

[0033] FIG. 9 is a simulation result of Inventive Example 2
of the present invention; and

[0034] FIG. 10 is a simulation result of Inventive Example
3 of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0035] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings.

[0036] First, a description will be given of a basic structure
of a general in-plane switching liquid crystal display (IPS-
LCD), an arrangement of an optical axis and a relationship
between a retardation film and refractivity.

[0037] FIG. 1 illustrates a basic structure of an IPS-LCD.
As shown in FIG. 1, the IPS-LCD includes a first polarized
plate 10, a second polarized plate 30 and a liquid crystal panel
20. The liquid crystal panel 20 includes liquid crystal cells 22
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filled with liquid crystals having a positive dielectric anisot-
ropy oriented in a parallel direction between two substrates 21
and 23.

[0038] Moreover, as shown in FIG. 1, an absorption axis of
the first polarized plate 10 (indicated with <) and an absorp-
tion axis of the second polarized plate 30 (indicated with @)
are perpendicular to each other. Also, the absorption axis
(indicated with <) of the first polarized plate 10 and an
optical axis (indicated with <-->) of the liquid crystal cells 22
are parallel to each other. Generally, a backlight is located
adjacent to the first polarized plate 10 to which the optical axis
of'the liquid crystal cell 22 is disposed parallel.

[0039] Meanwhile, the first polarized plate 10 and the sec-
ond polarized plate 30 each include a polarized film (not
shown) and a protective film (not shown) attached to at least
one of two surfaces of the polarized film (not shown). The
polarized film is a very thin stretched film and easily damaged
by mechanical and physical external pressure. This is why the
protective film is attached to the polarized film. This protec-
tive film generally employs a triacetate cellulose (TAC) film,
a polynobonene (PNB) film, a cyclo-olefin (COP) film and
etc.

[0040] FIG. 2 illustrates refractivity of a retardation film
used to compensate for an angle of view. For convenience,
refractivity in an x axis direction of the retardation film is
denoted with n, refractivity in a y axis direction is denoted
with n,, and refractivity in a z axis direction is denoted with
n,. The retardation film has characteristics determined
according to magnitude of the refractivities. Here, in a case
where two of three-axis directions have different refractivi-
ties, the retardation film is referred to as a uniaxial retardation
film. Also, in a case where all of three-axis directions have
different refractivities, the retardation film is referred to as a
biaxial retardation film.

[0041] The uniaxial film includes an A film satisfying
n=n =n, and a C film satisfying n,=n =n_. Here, the uniaxial
film satisfying n,>n,=n, is referred to as a +A film. Also, the
uniaxial film satisfying n,=n <n, is referred to as a -A film.
Moreover, the uniaxial film satisfying n,=n,>n, is referred to
as a +C film and the uniaxial film satisfying n,=n>n, is
referred to as a -C film.

[0042] Meanwhile, the biaxial film is represented by a B
film. Particularly, the biaxial film satisfying n,>n >n, is
referred to as a -B film.

[0043] In order to represent characteristics of the retarda-
tion film, generally, in-plane retardation R,, and thickness
retardation R ;, are employed. The in-plane retardation and the
thickness retardation are defined according to following
Equations 1 and 2, respectively:

In-plane retardation R;,=(1,~R,)xd Equation 1,
where d is the thickness of a film,
Thickness retardation R;=(#,~#,)xd Equation 2,

where d is the thickness of a film.

[0044] Hereinafter, an integrated wide viewing film will be
described with reference to the drawings.

[0045] FIGS. 3A to 3C illustrate an integrated wide view-
ing film according to various embodiments of the invention.
As shown in FIGS. 3A to 3C, the integrated wide viewing film
of the present invention includes a first film having an optical
axis located in-plane and a second film having an optical axis
located in a thickness direction and inclined at a predeter-
mined angle in an in-plane direction.
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[0046] More specifically, as shown in FIGS. 3A and 3C, the
integrated wide viewing film may utilize a +A film and a +C
film. As shown in FIG. 3B, the intergraded wide viewing film
may adopt a —B film and a +C film. Here, the +A film and the
-B film have optical axes located in-plane and the +C film has
an optical axis located in a thickness direction and inclined at
a predetermined angle in an in-plane direction.

[0047] Inthepresentinvention, a configuration in which the
+C film has the optical axis inclined at a predetermined angle
in an in-plane direction is related to orientation of liquid
crystals in a liquid crystal cell of an IPS-LCD. As described
above, the IPS-LCD is characterized such that the liquid
crystals are oriented in a parallel direction within the liquid
crystal cell. However, it is substantially impossible to orient
the liquid crystals to be exactly horizontal to one another
inside the IPS-LCD. Most IPS-L.CDs have a pretilt angle of 5
or less. FIG. 4 illustrates the orientation of liquid crystals in
the IPS-LCD. According to a rubbing direction of a glass
substrate, the liquid crystal cell of the IPS-LCD may be
configured to be in a homogeneous orientation as shown in
FIG. 4A or in a splay orientation as shown in FIG. 4B.
Whichever type the liquid crystal cell is formed of, the liquid
crystals are not oriented in an entirely parallel direction. As
described above, the liquid crystals are not oriented in an
entirely parallel direction but have a pretilt angle. This causes
retardation asymmetry in which retardation is varied when
light passes through the liquid crystals from the side.

[0048] Based on this, according to this invention, the opti-
cal axis of +C film having a thickness retardation is designed
to be inclined at a predetermined angle and thus the retarda-
tion asymmetry due to a pretilt of the liquid crystals in the
liquid crystal cell can be optically compensated.

[0049] Here, the +C film has the optical axis inclined at an
angle of -5° to +5° with respect to a vertical direction, par-
ticularly, at an angle of -3° to +3°. The angle of the optical
axis ofthe +C film may be varied according to the pretilt angle
of a liquid crystal cell of the IPS-LCD, but the angle of the
optical axis exceeding +5° leads to additional asymmetrical
retardation resulting from the film, thereby degrading perfor-
mance. Meanwhile, the angle ofthe optical axis falling within
+3° ensures a superior contrast ratio.

[0050] Meanwhile, in the present embodiment, the first
film, i.e., the +A film or the -B film may be formed of a
stretched polymer film. For example, the +A film may be a
uniaxially stretched TAC film, a uniaxially stretched acryl
film or a uniaxially stretched COP film. The -B film may be
a biaxially stretched TAC film, a biaxially stretched acryl film
or a biaxially stretched COP film.

[0051] Also, the second film, i.e, the +C film having the
optical axis disposed in a thickness direction and inclined at a
predetermined angle may be made of a cured liquid crystal.
That is, in order to fabricate the integrated wide viewing film
according to the present invention, an orientation film is
applied on the first film formed of a polymer film and the
liquid crystals are oriented to have a desired pretilt angle and
coated to form the second film.

[0052] In the present embodiment, it is preferred that the
+A film has an in-plane retardation of 50 nm to 150 nm at a
wavelength of 550 nm and the +C film has a thickness retar-
dation of 50 nm to 250 nm at a wavelength of 550 nm. It is
preferred that the —B film has an in-plane retardation of 50 to
150 nm and a thickness retardation of —50 to —200 nm at a
wavelength of 550 nm.
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[0053] Also, there is provided an IPS-L.CD employing an
integrated wide viewing film according to the present inven-
tion.

[0054] The IPS-LCD of the present invention includes: a
liquid crystal panel including an upper substrate, a lower
substrate and a liquid crystal cell filled with a liquid crystal
having a positive dielectric anisotropy. Also, the IPS-LCD
includes first and second polarized plates disposed on both
sides of the liquid crystal panel, respectively. The liquid crys-
tal in the liquid crystal cell has an optical axis located in-plane
parallel to the polarized plates, respectively. The first and
second polarized plates have absorption axes perpendicular to
each other. Here, the IPS-LCD includes an integrated wide
viewing-film formed between the liquid crystal panel and the
second polarized plate. The integrated wide viewing film
comprises a first film and a second film. The first film has an
optical axis located in-plan. The second film has an optical
axis located in a thickness direction thereof, and inclined at a
predetermined angle in an in-plane direction.

[0055] FIGS. 5 to 7 illustrate an IPS-LCD according to
exemplary embodiments of the invention. Hereinafter, the
present embodiments will be described with reference to
drawings.

[0056] First, referring to FIGS. 5A and 5B, the IPS-LCD
includes a first polarized plate 10, a liquid crystal panel 20,
and a second polarized panel 30. The liquid crystal panel 20
includes an upper substrate 21 and a lower substrate 23 pro-
vided at a predetermined distance and liquid crystal cells 22
interposed between the upper and lower substrates 21 and 23
and filled with liquid crystals having a positive dielectric
anisotropy. Here, the first polarized plate 10 has an absorption
axis perpendicular to an absorption axis of the second polar-
ized plate 30. Also, the IPS-LCD includes an integrated wide
viewing film disposed between the liquid crystal panel 20 and
the second polarized plate 30 and having a +A film and a +C
film stacked sequentially on the second polarized plate 30.
[0057] Theliquid crystal cells 22 of the liquid crystal panel
may be in a homogeneous orientation as shown in FIG. 5A
and in a splay orientation as shown in F1G. 5B. Moreover, the
liquid crystal cells 22 have a retardation of 300 nm to 400 nm
at a wavelength of 550 nm.

[0058] Meanwhile, the integrated wide viewing film is con-
figured such that the +A film and the +C film are sequentially
stacked on the second polarized plate. Here, the +C film has
an optical axis located in a thickness direction and inclined at
an angle of +5° to =5° particularly, -3° to +3° with respect to
a direction perpendicular to a surface of the polarized plate.
Moreover, the +A film has an optical axis located perpendicu-
lar to the absorption axis (indicated with @) of the second
polarized plate.

[0059] The +A-film has an in-plane retardation of 50 nm to
150 nm at a wavelength of 550 nm and the +C-film has a
thickness retardation of 50 nm to 250 nm at a wavelength of
550 nm.

[0060] FIGS. 6A and 6B illustrate an IPS-LCD according
to another exemplary embodiment of the invention, respec-
tively.

[0061] As shown in FIGS. 6A and 6B, the IPS-LCD appa-
ratus of the present invention includes a first polarized plate
10, a liquid crystal panel 20, and a second polarized plate 30.
The liquid crystal panel 20 includes two substrates 21 and 23
disposed at a predetermined distance and liquid crystal cells
22 interposed between the upper and lower substrates 21 and
23 and filled with liquid crystals having a positive dielectric
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anisotropy. Here, the first polarized plate 10 has an absorption
axis perpendicular to an absorption axis of the second polar-
ized plate 30. Also, the IPS-LCD includes an integrated wide
viewing film interposed between the liquid crystal panel 20
and the second polarized plate 30 and comprising a +C film
and a +A film sequentially stacked from the second polarized
plate.

[0062] Here, the +A film has an optical axis disposed par-
allel to an absorption axis (indicated with @) of the second
polarized plate 30. Also, the +C film has an optical axis
located in a thickness direction and inclined at an angle of
+5°, particularly, £3° in a direction perpendicular to a surface
of the polarized plate.

[0063] Meanwhile, the liquid crystal cells 22 of the liquid
crystal panel may in a homogeneous orientation as shown in
FIG. 6A and in a splay orientation as shown in FIG. 6B.
Moreover, the liquid crystal cells 22 have a retardation 0of 300
nm to 400 nm at a wavelength of 550 nm.

[0064] The +A-film has an in-plane retardation of 50 nm to
150 nm at a wavelength of 550 nm. The +C-film has a thick-
ness retardation of 50 nm to 250 nm at a wavelength of 550
nm.

[0065] FIGS. 7A and 7B illustrate an IPS-LCD according
to still another exemplary embodiment of the invention,
respectively.

[0066] As shown in FIGS. 7A and 7B, the IPS-LCD of the
present invention includes a first polarized plate 10, a liquid
crystal panel 20, and a second polarized plate 30. The liquid
crystal panel 20 includes upper and lower substrates 21 and
23 disposed at a predetermined distance and liquid crystal
cells 22 interposed between the upper and lower substrates
and filled with liquid crystals having a positive dielectric
anisotropy. The first polarized plate 10 has an absorption axis
perpendicular to an absorption axis of the second polarized
plate 30. Also, the IPS-LCD includes an integrated wide
viewing film interposed between the liquid crystal panel 20
and the second polarized plate 30 and comprising a -B film
and a +C film sequentially stacked from the second polarized
plate.

[0067] Here, the liquid crystal cells 22 of the liquid crystal
panel may be in a homogeneous orientation as shown in FIG.
7A and in a splay orientation as shown in FIG. 7B. Also, the
liquid crystal cells 22 have a retardation of 300 nm to 400 nm
at a wavelength of 550 nm.

[0068] Meanwhile, the —B film has an optical axis disposed
perpendicular to an absorption axis (indicated with @) of the
second polarized plate. The +C film has an optical axis
located in a thickness direction and inclined at an angle of
+5°, particularly, +3° in a vertical direction.

[0069] Moreover, the -B-film may have an in-plane retar-
dation of 50 to 150 nm and a thickness retardation of 50 to 200
nm at a wavelength of 550 nm. The +C-film may have a
thickness retardation of 50 nm to 250 nm at a wavelength of
550 nm.

[0070] Compensation of a viewing angle of'the IPS-LCD is
also affected by a protective film used to protect the polarized
film. For example, in a case where the protective film employs
a film having a thickness radiation, the IPS-LCD is less
capable of compensating for viewing angle. Therefore, in the
present invention, the protective film for use in the first polar-
ized plate and the second polarized plate adopts an isotropic
film such as an unstretched COP, TAC with no retardation and
an unstretched acryl film to ensure superb compensation of
the viewing angle.
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[0071] The protective film may be disposed on at least one
surface, particularly, both surfaces of the polarized film.
However, as for the second polarized plate, a protective film
formed of the isotropic film is provided on only one surface of
the polarized film. That is, an additional protective film is not
provided on a surface of the polarized film where the inte-
grated wide viewing film is stacked but the integrated wide
viewing film is directly stacked on the polarized film to serve
as a protective film.

Mode for the Invention

[0072] Exemplary embodiments of the present invention
will now be described in detail with reference to the accom-
panying drawings.

Inventive Example 1

[0073] An ISP-LCD structured as shown in FIG. 5B was
simulated for a minimum contrast ratio at an azimuth angle of
45° and all inclined angles.

[0074] Simulation conditions were as follows.

[0075] (1) Liquid crystal cells: cell spacing 3.3 pum, each
pretilt angle 1.4°, dielectric anisotropy Ae=+7, birefringence
at a wavelength of 550 nm An=0.1., splay orientation

[0076] (2) First polarized plate and second polarized plate:
protective film thickness=80 pm, no thickness retardation
[0077] (3) +A film: film thickness=80 pm, R,, =150 nm
[0078] (4)+C film: film thickness=1 pm, R,;,=100 nm, opti-
cal axis angle +3°

[0079] A simulation result is plotted with a solid line in a
graph of FIG. 8.

Comparative Example 1

[0080] Simulation was conducted under the same condition
as Inventive Example 1 except that Comparative Example 1
employed a +C film having an optical axis inclined at +20°
with respect to a vertical direction.

[0081] A simulation result is plotted with line ...... in a
graph of FIG. 8.

Comparative Example 2

[0082] Simulationwas conducted under the same condition
as Inventive Example 1 except that Comparative Example 2
employed a +C film having an optical axis inclined at +25°
with respect to a vertical direction.

[0083] A simulation result is plotted with line -*-*¢- in a
graph of FIG. 8.

Comparative Example 3

[0084] For comparison, simulation was conducted on an
IPS-LCD which did not employ an integrated wide viewing
film.

[0085] <Simulation Conditions>

[0086] (1) Liquid crystal cells: cell spacing 3.3 pum, each
pretilt angle 1.4°, dielectric anisotropy Ae=+7, birefringence
at a wavelength of 550 nm An=0.1., splay orientation

[0087] (2) First polarized plate and second polarized plate:
protective film thickness=80 pum, no thickness retardation
[0088] A simulation result is plotted with line -108 -108 - in
a graph of FIG. 8.
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Comparative Example 4

[0089] For comparison, simulation was conducted on an
ideal IPS-LCD where liquid crystals in a liquid crystal cell do
not have a pretilt angle and are oriented in an entirely parallel
direction in order to measure a minimum contrast ratio at an
azimuth angle of 45° and all inclined angles.

[0090] <Simulation Conditions>

[0091] (1) Liquid crystal cells: cell spacing 3.3 um, each
pretilt angle 0°, dielectric anisotropy Ae=+7, birefringence at
a wavelength of 550 nm An=0.1., splay orientation

[0092] (2) First polarized plate and second polarized plate:
protective film thickness=80 pm, no thickness retardation
[0093] A simulation result is plotted with line ----- in a
graph of FIG. 8.

Inventive Example 2

[0094] An ISP-LCD structured as shown in FIG. 6A was
simulated for a minimum contrast ratio at an azimuth angle of
45° and all inclined angles.

[0095] <Simulation Conditions>

[0096] (1) liquid crystal cells: cell spacing 3.3 um, each
pretilt angle 1.4°, dielectric anisotropy Ae=+7, birefringence
ata wavelength of 550 nm An=0.1., homogeneous orientation
[0097] (2) First polarized plate: protective film thick-
ness=80 pm, no thickness retardation

[0098] (3) Second polarized plate: a TAC film having pro-
tective film thickness=50 pm, and Rth=-30 nm

[0099] (3) +A film: film thickness=80 pum, R;,=130 nm
[0100] (4)+C film: film thickness=1 pm, R, =100 nm, opti-
cal axis angle 3°

[0101] A simulation result is plotted with a solid line in a
graph of FIG. 9.

Comparative Example 5

[0102] Simulation was conducted under the same condition
as Inventive Example 2 except that Comparative Example 5
employed a +C film having an optical axis inclined at +20°
with respect to a vertical direction.

[0103] A simulation result is plotted with line [text miss-
ing or illegible when filed] a graph of FIG. 9.

Comparative Example 6

[0104] Simulation was conducted under the same condition
as Inventive Example 2 except that Comparative Example 6
employed a +C film having an optical axis inclined at +25°
with respect to a vertical direction.

[0105] A simulation result is plotted with line -**-**- in a
graph of FIG. 9.

Comparative Example 7

[0106] For comparison, simulation was conducted on an
IPS-LCD which did not employ an integrated wide viewing
film.

[0107] A simulation result is plotted with line -*-*- in a
graph of FIG. 9.

[0108] <Simulation Conditions>

[0109] (1) Liquid crystal cells: cell spacing 3.3 pm, each
pretilt angle 1.4°, dielectric anisotropy Ae=+7, birefringence
ata wavelength of 550 nm An=0.1., homogeneous orientation
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[0110] (2) First polarized plate: protective film thick-
ness=80 pm, no thickness retardation

[0111] (3) Second polarized plate: a TAC film having pro-
tective film thickness=50 pm, and Rth=-30 nm

Comparative Example 8

[0112] For comparison, simulation was conducted on an
ideal IPS-LCD where liquid crystals in a liquid crystal cell do
not have a pretilt angle and are oriented in a totally parallel
direction in order to measure a minimum contrast ratio at an
azimuth angle of 45° and all inclined angles.

[0113] A simulation resultis plotted with line ----ina graph
of FIG. 9.

[0114] <Simulation Conditions>

[0115] (1) Liquid crystal cells: cell spacing 3.3 pum, each

pretilt angle 0°, dielectric anisotropy Ae=+7, birefringence at
a wavelength of 550 nm An=0.1., homogeneous orientation
[0116] (2) First polarized plate: protective film thick-
ness=80 pum, no thickness retardation

[0117] (3) Second polarized plate: a TAC film having pro-
tective film thickness=50 pm, and Rth=-30 nm

Inventive Example 3

[0118] AnISP-LCD as shown in FIG. 7B was simulated for
a minimum contrast ratio at an azimuth angle of 45° and all
inclined angles.

[0119] <Simulation Conditions>

[0120] (1) Liquid crystal cells: cell spacing 3.3 pum, each
pretilt angle 1.4°, dielectric anisotropy Ae=+7, birefringence
at a wavelength of 550 nm An=0.1., splay orientation

[0121] (2) First polarized plate and second polarized plate:
protective film thickness=80 um, no thickness retardation

[0122] (3) -B film: thickness=80 um, R, =90 nm, R,,=-70
nm
[0123] (4) +C film: thickness=1 um R,,=100 nm, optical

axis angle 3°
[0124] A simulation result is plotted with a solid line in a
graph of FIG. 10.

Comparative Example 9

[0125] For comparison, simulation was conducted on an
IPS-LCD which did not employ an integrated wide viewing
film.

[0126] A simulation result is plotted with line -*-- in a
graph of FIG. 10.

[0127] <Simulation Conditions>

[0128] (1) Liquid crystal cells: cell sparing 3.3 pm, each
pretilt angle 1.4°, dielectric anisotropy Ae=+7, birefringence
at a wavelength of 550 nm An=0.1., splay orientation

[0129] (2) First polarized plate and second polarized plate:
protective film thickness=80 pm, no thickness retardation.

Comparative Example 10

[0130] For comparison, simulation was conducted on an
ideal IPS-LCD where liquid crystals in a liquid crystal cell do
not have a pretilt angle and are oriented in a totally parallel
direction in order to measure a minimum contrast ratio at an
azimuth angle of 45° and all inclined angles.

[0131] A simulation result is plotted with line ----- in a
graph of FIG. 10.
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[0132] <Simulation Conditions>

[0133] (1) Liquid crystal cells: cell spacing 3.3 pum, each
pretilt angle 0°, dielectric anisotropy Ae=+7, birefringence at
a wavelength of 550 nm An=0.1., splay orientation

[0134] (2) First polarized plate and second polarized plate:
protective film thickness=80 pm, no thickness retardation.
[0135] FIGS. 8to 10 show that the IPS-LCD employing the
integrated wide viewing film of the present invention exhibits
a behavior that is close to the most ideal IPS-LCD. Moreover,
FIGS. 8 and 9 show that with a greater inclined angle of the
optical axis of the +C film, the IPS-LCD is degraded in
performance.

[0136] While the present invention has been shown and
described in connection with the preferred embodiments, it
will be apparent to those skilled in the art that modifications
and variations can be made without departing from the spirit
and scope of the invention as defined by the appended claims.

1-17. (canceled)

18. An in-plane switching liquid crystal display compris-

ing:

a liquid crystal panel including an upper substrate, a lower
substrate and a liquid crystal cell filled with a liquid
crystal having a positive dielectric anisotropy; and

first and second polarized plates disposed on both sides of
the liquid crystal panel, respectively,

wherein the liquid crystal in the liquid crystal cell has an
optical axis located in-plane parallel to the polarized
plates, respectively,

the first and second polarized plates have absorption axes
perpendicular to each other,

wherein the in-plane switching liquid crystal display com-
prises an integrated wide viewing film including: a
+A-film satisfying n,>n,=n_ and having an optical axis
located in-plan; and a +C-film satisfying n,=n,<n, and
having an optical axis located in a thickness direction
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thereof, and inclined at an angle of -5° to +5° with
respect to a vertical direction in an in-plane direction.

19. The in-plane switching liquid crystal display of claim
18, wherein the +A-film has an in-plane retardation of 50 nm
to 150 nm at a wavelength of 550 nm, and

the +C-film has a thickness retardation of 50 nm to 250 nm

at a wavelength of 550 nm.

20. The in-plane switching liquid crystal display of claim
18, wherein the +A film has the optical axis disposed perpen-
dicular to an absorption axis of the second polarized plate.

21. The in-plane switching liquid crystal display of claim
20, wherein the liquid crystal cell has a splay orientation of
liquid crystal.

22. The in-plane switching liquid crystal display of claim
18, wherein the +A film has the optical axis disposed parallel
to an absorption axis of the second polarized plate.

23. The in-plane switching liquid crystal display of claim
22, wherein the liquid crystal cell has a homogeneous orien-
tation of liquid crystal.

24. The in-plane switching liquid crystal display of claim
18, wherein the +A-film is a polymer film and the +C-film is
a liquid crystal film.

25. The in-plane switching liquid crystal display of claim
18, wherein the liquid crystal cell has a retardation of 300 nm
to 400 nm at a wavelength of 550 nm.

26. The in-plane switching liquid crystal display of claim
18, wherein each of the first and second polarized plates use
an isotropic film as a protective film.

27. The in-plane switching liquid crystal display of claim
26, wherein the isotropic film is a cyclo-olefin polymer (COP)
or a Zero TAC film having no retardation.

28. The in-plane switching liquid crystal display of claim
18, wherein the integrated wide viewing film is directly
stacked on the polarized film of the second polarized plate to
serve as a protective film.

Ed sk sk Ed Ed
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