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(57) ABSTRACT

An IPS-LCD, in which the direction of an optical axis and
retardation values are adjusted according to the disposition
of a phase retardation film replacing one protective film,
obtains a contrast ratio similar to that of an IPS-LCD having
upper and lower protective films, and has a small thickness.
The IPS-LCD includes first and second polarizing plates (1,
2), an IPS panel (3), and a first protective film. Absorption
axes (4, 5) of the first and second polarizing plates (1, 2) are
orthogonal to each other, and an optical axis of a liquid
crystal in the TIPS panel (3) and the absorption axis (4) are
parallel with each other. A second phase retardation film,
obtained by coating a biaxial film (17) with a uniaxial C film
(11), is disposed between the second polarizing plate (2) and
the IPS panel (3) and is used as a second protective film.
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IN-PLANE SWITCHING LIQUID CRYSTAL
DISPLAY HAVING SIMPLE STRUCTURE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display, and more particularly to an in-plane switching liquid
crystal display (hereinafter, referred to as an “IPS-LCD”),
which is filled with a liquid crystal having positive dielectric
constant anisotropy (Ae>0).

BACKGROUND ART

[0002] In general, LCDs are divided into an in-plane
switching (IPS)-LCD, a super in-plane switching (super
IPS)-LCD, and a fringe field switching (FFS)-LCD accord-
ing to modes of an active matrix driving electrode including
pairs of electrodes. In the present invention, IPS-LCDs
include the super IPS-LDS and the FFS-LCD.

[0003] FIG. 1 illustrates the basic structure of a conven-
tional IPS-LCD. The IPS-LCD comprises a first polarizing
plate 1, a second polarizing plate 2, and an IPS panel 3. An
absorption axis 4 of the first polarizing plate 1 is orthogonal
to an absorption axis 5 of the second polarizing plate 2, and
is parallel with an optical axis 6 of a liquid crystal in the IPS
panel 3.

[0004] Polarizing films in the first and second polarizing
plates 1 and 2 are very thin and stretched films, thus being
easily damaged by external physical and mechanical force.
Accordingly, in order to protect the polarizing films of the
first and second polarizing plates 1 and 2, a protective film
is essentially formed on the internal surfaces of the first and
second polarizing plates 1 and 2, on which the liquid crystal
is formed.

[0005] In order to compensate for the light polarization of
a polarizing plate to improve visibility and increase clear-
ness of a screen, various phase retardation films are used.
That 1s, in order to prevent light leakage and improve a
contrast ratio, various phase retardation films or optical
compensating films are used.

[0006] Accordingly, the polarizing plate includes various
film layers, such as a polarizing film, a protective film for
protecting the polarizing film, and a phase retardation film
for improving optical characteristics of the polarizing plate.
These various film layers increase the thickness of the
polarizing plate.

[0007] This thick polarizing plate goes against the thin
profile trend of the IPS-LCD. Thus, the improvement of the
thick polarizing plate has been required.

[0008] In order to satisfy the above requirement, several
techniques are proposed. According to one technique, the
protective film is removed from the polarizing plate and the
phase retardation film serves to protect the polarizing plate.

[0009] However, when the protective film is removed
from the polarizing plate and the phase retardation film
serves to protect the polarizing plate, the contrast ratio of the
IPS-LCD is lowered. That is, the contrast ratio refers to a
ratio of the luminance of the brightest portion to the lumi-
nance of the darkest portion. The higher a difference of
luminances between the brightest portion and the darkest
portion is, the higher the contrast ratio is. Accordingly, in
order to assure the contrast ratio, it is necessary to prevent
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the light leakage at the darkest portion. When a phase
retardation between the polarizing film and the phase retar-
dation film is not properly controlled, the light leakage is
severe according to viewable angles, thus causing a diffi-
culty in assuring the contrast ratio.

[0010] Accordingly, an IPS-LCD comprising a polarizing
plate, in which a phase retardation between a phase retar-
dation film and a polarizing film is properly controlled, is
required.

[0011] Particularly, the IPS-LCD has the worst contrast
characteristic at a tilt angle of 75°. The improvement of the
contrast characteristic of the IPS-LCD at a tilt angle of 75°
means the improvement of the contrast characteristics of the
IPS-LCD at all viewable angles. Thus, it is necessary to set
the contrast characteristic of the IPS-LCD at tilt angle of 75°
to more than a sufficient value.

[0012] For the above reason, a protective film is provided
on the inner surfaces of the first and second polarizing plates
of the IPS-LCD. In this case, the contrast ratio of the
IPS-LCD is 10:1~45:1. Consequently, it is preferable that an
LCD having a contrast ratio similar to the above range and
a simple structure is developed.

DISCLOSURE
[Technical Problem]

[0013] Therefore, the present invention has been made in
view of the above problems, and it is an object of the present
invention to provide an IPS-LCD, in which the direction of
an optical axis and retardation values are adjusted according
to the disposition order of a phase retardation film even
when a protective film is removed from an internal surface
of one polarizing plate, thus obtaining a contrast ratio similar
to that of an IPS-LCD having upper and lower protective
films, and having a small thickness.

[Technical Solution]

[0014] In accordance with an aspect of the present inven-
tion, the above and other objects can be accomplished by the
provision of an in-plane switching liquid crystal display
(IPS-LCD) comprising a first polarizing plate, a second
polarizing plate, an horizontally oriented EPS panel dis-
posed between the first and second polarizing plates and
filled with a liquid crystal having positive dielectric constant
anisotropy (Ae>0), and a first protective film disposed
between the first polarizing plate and the IPS panel, in which
an absorption axis of the first polarizing plate and an
absorption axis of the second polarizing plate are orthogonal
to each other, and an optical axis of the liquid crystal in the
IPS panel and the absorption axis of the first polarizing plate
are parallel with each other, wherein a second phase retar-
dation film, obtained by coating a biaxial film with a uniaxial
C film, is disposed between the second polarizing plate and
the EPS panel and is used as a second protective film
between the IPS panel and the second polarizing plate.

[0015] Thereby, the second phase retardation film plays an
original role of increasing a viewable angle, and further
serves as the protective film of the second polarizing plate.
That is, it is possible to omit one protective film, thus
reducing the thickness of the IPS-LCD, simplifving the
structure of the IPS-L.CD, and reducing the production costs
of the IPS-LCD.
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[0016] The IPS-LCD may further comprise a first phase
retardation film including a uniaxial A film and disposed
between the IPS panel and the first polarizing film.

[0017] Preferably, the first phase retardation film including
the uniaxial A film has an in-plane retardation value (Rin) of
30~450 nm, the biaxial film of the second phase retardation
film has an in-plane retardation value (Rin) of 50~150 nm
and a thickness retardation value (Rth) of -50~150 nm, and
the uniaxial C film of the second phase retardation film has
a thickness retardation value (Rth) of 50~170 nm. Here, the
above retardation values denote retardation values at a
wavelength of 550 nm.

[0018] In accordance with another aspect of the present
invention, there is provided an in-plane switching liquid
crystal display (IPS-LCD) comprising a first polarizing
plate, a second polarizing plate, horizontally oriented IPS
panel disposed between the first and second polarizing plates
and filled with a liquid crystal having positive dielectric
constant anisotropy (Ae>0), and a first protective film dis-
posed between the first polarizing plate and the IPS panel, in
which an absorption axis of the first polarizing plate and an
absorption axis of the second polarizing plate are orthogonal
to each other, and an optical axis of the liquid crystal in the
TIPS panel and the absorption axis of the first polarizing plate
are parallel with each other, wherein a second phase retar-
dation film, obtained by coating a uniaxial A film with a
uniaxial C film, is disposed between the second polarizing
plate and the IPS panel and is used as a second protective
film between the IPS panel and the second polarizing plate,
and a first phase retardation film including a uniaxial A film
is disposed between the IPS panel and the first polarizing
film.

[0019] Thereby, the second phase retardation film plays an
original role of increasing a viewable angle, and further
serves as the protective film of the second polarizing plate.
That is, it is possible to omit one protective film, thus
reducing the thickness of the IPS-LCD, simplifying the
structure of the IPS-LCD, and reducing the production costs
of the IPS-LCD.

[0020] Preferably, the first phase retardation film including
the uniaxial A film has an in-plane retardation value (Rin) of
30~450 nm, the uniaxial A film of the second phase retar-
dation film has an in-plane retardation value (Rin) of 80~150
nm, and the uniaxial C film of the second phase retardation
film has a thickness retardation value (Rth) of 50~170 nm.
Here, the above retardation values denote retardation values
at a wavelength of 550 nm.

[0021] Further, preferably, an optical axis of the first phase
retardation film in the direction of the X axis is parallel with
the absorption axis of the first polarizing plate.

[0022] The first protective film is preferably one film
selected from the group consisting of a non-stretched zero
COP film, a non-stretched zero TAC film, and a TAC film
having a thickness of 50 um and having a thickness retar-
dation value, and more preferably a non-stretched zero TAC
film. The thickness retardation value of the TAC film is
30~40 nm.

[0023] Preferably, the uniaxial A film is made of length-
wise stretched polymer, the biaxial film is made of crosswise
stretched polymer, and the uniaxial C film is obtained by
coating an orientation film with a liquid crystal and hard-
ening the liquid crystal coated on the orientation film.
However, the uniaxial C film may be made of a non-
orientation film.
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[Advantageous Effects]

[0024] The present invention provides an in-plane switch-
ing liquid crystal display (IPS-LCD), which uses a second
phase retardation film exhibiting a broad viewable angle
property as a protective film of one polarizing plate. The
IPS-LCD of the present invention has a thin profile and a
simple structure, and causes the reduction of the production
costs thereof.

[0025] The conventional IPS-LCD having upper and
lower protective films exhibits a contrast ratio of 10:1~45:1.
On the other hand, the IPS-LCD of the present invention
exhibits a contrast ratio of 25:1~55:1. Accordingly, the
IPS-LCD of the present invention has a simple structure and
exhibits a reasonably high contrast ratio.

DESCRIPTION OF DRAWINGS

[0026] 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:

[0027] FIG. 1 is a schematic view illustrating the basic
structure of a conventional IPS-LCD;

[0028] FIG. 2 is a view illustrating the disposition of
absorption axes of two polarizing plates and an optical axis
of an IPS panel of the IPS-LCD of FIG. 1,

[0029] FIG. 3 is a view illustrating the refractivities of a
phase retardation film of the IPS-LCD;

[0030] FIGS. 4 to 8 are schematic views illustrating struc-
tures of IPS-LCDs, each of which has a second phase
retardation film, obtained by coating a biaxial film with a
uniaxial C film, between a second polarizing plate and an
IPS panel, in accordance with embodiments of the present
invention;

[0031] FIGS. 9 to 12 are schematic views illustrating
structures of IPS-L.CDs, each of which has a second phase
retardation film, obtained by coating a uniaxial A film with
a uniaxial C film, between a second polarizing plate and an
IPS panel, in accordance with other embodiments of the
present invention;

[0032] FIGS. 13A and 13B are views illustrating viewable
angle characteristics of the IPS-LCDs in accordance with the
first and second embodiments, as shown in FIGS. 4 and 5;

[0033] FIGS. 14A and 14B are views illustrating viewable
angle characteristics of the IPS-LCDs in accordance with the
third and fourth embodiments, as shown in FIGS. 6 and 7;

[0034] FIGS. 15A and 15B are views illustrating viewable
angle characteristics of the IPS-LCDs in accordance with the
fifth and sixth embodiments, as shown in FIGS. 8 and 9;

[0035] FIGS. 16A to 16C are views illustrating viewable
angle characteristics of the IPS-LCDs in accordance with the
seventh to ninth embodiments, as shown in FIGS. 10 to 12;

[0036] FIG. 17 is a view illustrating a structure of an
IPS-LCD, which uses a zero COP film or a zero TAC film
as an internal protective film of a first polarizing plate, and
has a second phase retardation film, obtained by coating a
biaxial film with a uniaxial C film, in accordance with a tenth
embodiment of the present invention;

[0037] FIG. 18 is a view illustrating a structure of an
IPS-LSCD, which has the same structure as that of the
IPS-LCD of FIG. 17 and uses a TAC film having a thickness
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retardation value of =30~-40 nm as an internal protective
film of a first polarizing plate, in accordance with an
eleventh embodiment of the present invention;

[0038] FIG. 19 is a view illustrating a structure of an
IPS-LSCD, which has the same structure as that of the
IPS-LCD of FIG. 17 and uses a general TAC film having a
thickness retardation value of -55~-65 nm as an internal
protective film of a first polarizing plate, in accordance with
a twelfth embodiment of the present invention;

[0039] FIG. 20 is a view illustrating a structure of an
IPS-LSCD, which has the same structure as that of the
IPS-LCD of FIG. 17 except that an optical axis of a second
internal protective film and an absorption axis of a second
polarizing plate are parallel with each other, in accordance
with a thirteenth embodiment of the present invention;

[0040] FIG. 21 is a view illustrating a structure of an
IPS-LSCD, which has the same structure as that of the
IPS-LCD of FIG. 17 except that retardation values of a
biaxial film and a C film of a second internal protective film
deviate from the range regulated by the present invention, in
accordance with a fourteenth embodiment of the present
invention;

[0041] FIG. 22 is a view illustrating a structure of an
IPS-LSCD, which has a uniaxial A film, interposed between
an internal protective film of a first polarizing plate and an
IPS panel, and a second internal protective film including a
uniaxial A film and a uniaxial C film, which are sequentially
stacked, in accordance with a fifth embodiment of the
present invention; and

[0042] FIGS. 23A to 23F are views illustrating distribu-
tions of contrast ratios of the IPS-LCDs, as shown in FIGS.
17 to 22.

MODE FOR INVENTION

[0043] Now, preferred embodiments of the present inven-
tion will be described in detail with reference to the annexed
drawings.

[0044] FIG. 2 illustrates an absorption axis 6 of a liquid
crystal in an IPS panel 3 and absorption axes 4 and 5§ two
polarizing plates 1 and 2. The absorption axis 4 of the first
polarizing plate 1 is orthogonal to the absorption axis 5 of
the second polarizing plate 2, and is parallel with the optical
axis 6 of the liquid crystal in the IPS panel 6.

[0045] With reference to FIGS. 1 and 2, the FPS panel 3
interposed between two polarizing plates 1 and 2, the
absorption axes 4 and 5 of which are orthogonal to each
other, comprises liquid molecules 7, which are disposed in
parallel with first and second substrates 20 and 21 and
arranged in the direction of rubbing (a method for treating
the surface of the panel for arranging the liquid crystal
modules in one direction). When the absorption axis of the
polarizing plate adjacent to a backlighting and the rubbing
direction are parallel with each other, the IPS-LCD 1is
referred to as an “O-mode IPS-L.CD”, and when the absorp-
tion axis of the polarizing plate adjacent to the backlighting
and the rubbing direction are orthogonal to each other, the
IPS-LCD is referred to as an “E-mode IPS-LCD”.

[0046] FIG. 3 is a view illustrating the refractivities of a
phase retardation film for compensating for the viewable
angle of the IPS-LCD. n_ represents the refractivity 8 of the
phase retardation film in the direction of the X-axis,

represents the refractivity 9 of the phase retardation film in
the direction of the Y-axis, and n, represents the refractivity
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10 of the phase retardation film in the direction of the Z-axis.
The characteristics of the phase retardation film are deter-
mined by the degrees of the refractivities. A phase retarda-
tion film, in which the refractivities in the directions of the
two axes are different, is referred to as a uniaxial phase
retardation film, and a phase retardation film, in which the
refractivities in the directions of the three axes are different,
1s referred to as a biaxial phase retardation film.

[0047] The uniaxial phase retardation film and the biaxial
phase retardation film are defined as below equations.

[0048] (1) When a phase retardation film satisfies the
expression of n,>n, =n,, the phase retardation film is referred
to as a uniaxial A film, and an in-plane retardation value is
defined using a difference (n,-n,) between two refractivities
located on a plane and a thickness (d) of the film by the
below equation 1.

Rin=dx(n.-n,) [Equation 1]

[0049] (2) When a phase retardation film satisfies the
expression of n,=n,<n,, the phase retardation film is referred
to as a uniaxial C film, and a thickness retardation value is
defined using a difference (n,-n,) between the refractivity
located on a plane and the reI:]%/ractiVity in the thickness
direction and a thickness (d) of the film by the below
equation 2.

Rih=dx(n,~n,)
[0050] (3) When a phase retardation film satisfies the
expression of n,>n >0, the phase retardation film is referred
to as a negative biaxial phase retardation film (hereinafter,
referred to as a “biaxial phase retardation film”). Since the
refractivities in the directions of the three axes are different,
the biaxial phase retardation film has an in-plane retardation
value and a thickness retardation value, which are defined by
the above equations 1 and 2, respectively.

[0051] The retardation values are affected by the wave-
length of light to be used. The wavelength of light is 550 nm
except being specially defined.

[0052] FIGS. 4 to 8 illustrate structures of IPS-L.CDs, each
of which has a second phase retardation film, obtained by
coating a biaxial film 17 with a uniaxial C film 11, between
a second polarizing plate 2 and an IPS-panel 3, in accor-
dance with embodiments of the present invention. Further,
FIGS. 9 to 12 illustrate structures of IPS-LCDs, each of
which has a second phase retardation film, obtained by
coating a uniaxial A film 14 with a uniaxial C film 11,
between a second polarizing plate 2 and an IPS-panel 3, in
accordance with other embodiments of the present inven-
tion.

[0053] Each of the IPS-LCDs, shown in FIGS. 4 to 12,
comprises a protective film, for protecting a polarizing
device made of stretched polyvinyl alcohol, on the internal
surface of a first polarizing plate 1. The protective film is
made of TAC (iriacetate cellulose) of a thickness of 50 pm
having a thickness retardation value, biaxial COP (cyclo-
olefin) simultaneously having an in-plane retardation value
and a thickness retardation value, TAC without a thickness
retardation value (hereinafter, referred to as “zero TAC”), or
COP without a thickness retardation value (hereinafter,
referred to as “zero COP”).

[0054] Preferably, the uniaxial A films 12 and 14 are made
of lengthwise stretched polvmer, the biaxial film 17 is made
of crosswise stretched polymer, and the uniaxial C film 11 is
obtained by coating an orientation film with a liquid crystal
and hardening the liquid crystal coated on the orientation
film.

[Equation 2]
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[0055] Here, the stacking structures of the IPS-LCDs of
FIGS. 4 and 5 and the structures of the IPS-L.CDs of FIGS.
6 and 7 are the same except that the positions of an observer
and a backlighting 19 are reversed. As described above,
when the absorption axis of the polarizing plate adjacent to
the backlighting 19 and the rubbing direction are parallel
with each other, the IPS-LCD is referred to as an “O-mode
IPS-LCD”, and when the absorption axis of the polarizing
plate adjacent to the backlighting 19 and the rubbing direc-
tion are orthogonal to each other, the IPS-LCD is referred to
as an “E-mode IPS-LCD”. The IPS-LCDs, as shown in
FIGS. 4, 6, 8, 9, and 11, are O-mode IPS-LCDs, and the
IPS-LCDs, as shown in FIGS. 5, 7, 10, and 12 are E-mode
IPS-LCDs. The IPS-LCDs of FIGS. 4 and 5, the IPS-LCDs
of FIGS. 6 and 7, the IPS-LCDs of FIGS. 9 and 10, and the
IPS-LCDs of FIGS. 11 and 12 have the same structure
except that one IPS-LCD is an O-mode [PS-LCD and the
other IPS-LCD is an E-mode IPS-LCD, and will be thus
described simultaneously.

[0056] FIGS. 4 and 5 illustrate structures of IPS-LCDs,
each of which has a phase retardation film, in accordance
with first and second embodiments of the present invention.
Here, the optical axis 18 of the biaxial film 17 is orthogonal
to the absorption axis 5 of the second polarizing plate 2, and
is located at a position adjacent to the second polarizing
plate 2. Further, the uniaxial C film 11 is located at a position
adjacent to the IPS-panel 3.

[0057] FIGS. 6 and 7 illustrate structures of IPS-LCDs,
each of which has a phase retardation film, in accordance
with third and fourth embodiments of the present invention.
Here, the optical axis 18 of the biaxial film 17 is parallel with
the absorption axis 5 of the second polarizing plate 2, and is
located at a position adjacent to the IPS-panel 3. Further, the
uniaxial C film 11 is located at a position adjacent to the
second polarizing plate 2.

[0058] FIG. 8illustrates a structure of an IPS-L.CD, which
has a phase retardation film, in accordance with a fifth
embodiment of the present invention. Here, the optical axis
18 of the biaxial film 17 and the optical axis 13 of the
uniaxial A film 12 are orthogonal to the absorption axis 5 of
the second polarizing plate 2. The uniaxial C film 11 is
located at a position adjacent to the second polarizing plate
2, and the biaxial film 17 is located at a position adjacent to
the IPS-panel 3. Further, the uniaxial A film 12 is located
between the first polarizing plate 1 and the IPS-panel 3.

[0059] FIGS. 9 and 10 illustrate structures of IPS-LCDs,
each of which has a phase retardation film, in accordance
with sixth and seventh embodiments of the present inven-
tion. Here, the optical axis 13 of one uniaxial A film 12
adjacent to the first polarizing plate 1 is orthogonal to the
absorption axis 5 of the second polarizing plate 2, and the
optical axis 15 of the other uniaxial A film 14 is parallel with
the absorption axis 5 of the second polarizing plate 2. The
uniaxial C film 11 is located at a position adjacent to the
second polarizing plate 2, and the uniaxial A film 14 is
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located at position adjacent to the IPS-panel 3. Further, the
uniaxial A film 12 is located between the first polarizing
plate 1 and the IPS-panel 3.

[0060] FIGS. 11 and 12 illustrate structures of IPS-LCDs,
each of which has a phase retardation film, in accordance
with eighth and ninth embodiments of the present invention.
Here, the optical axis 13 of one uniaxial A film 12 adjacent
to the first polarizing plate 1 and the optical axis 15 of the
other uniaxial A film 14 adjacent to the second polarizing
plate 2 are orthogonal to the absorption axis 5 of the second
polarizing plate 2. The uniaxial A film 14 is located at
position adjacent to the second polarizing plate 2, and the
uniaxial C film 11 is located at a position adjacent to the
IPS-panel 3. Further, the uniaxial A film 12 is located
between the first polarizing plate 1 and the IPS-panel 3.

Embodiments

[0061] Each of the IPS-LCDs in accordance with all the
below embodiments of the present invention comprises an
IPS panel including liquid crystal cells, which have a cell
interval of 3.3 um and are filled with a liquid crystal having
a pretilt angle of 1.4°, dielectric constant anisotropy (Ae=+
7), and birefiingence (An=0.1) at a wavelength of 550 nm.

[0062] First, in order to determine whether or not the
IPS-L.CDs have a proper contrast ratio when an internal
protective film is replaced with a phase retardation film,
polarizing plates were manufactured by methods stated in
the first to ninth embodiments of the present invention, and
results were obtained by simulation.

First Embodiment

[0063] In the IPS-LCD of the first embodiment, as shown
in FIG. 4, the internal protective film of the first polarizing
plate 1 was made of zero COP or zero TAC. The internal
protective film of the second polarizing plate 2 was replaced
with a phase retardation film obtained by coating the upper
surface of the biaxial film 17, which has a thickness of 80
um, an in-plane retardation value (Rin) of 90 nm, and a
thickness retardation value (Rth) of =75 nm, with the C film
11, which has a thickness retardation value (Rth) of 140 nm.
When the above obtained phase retardation film and the
polarizing plates 1 and 2 were applied to an IPS-LCD, the
simulated minimum contrast ratios of a tilt angle of 75° to
all azimuthal angles in the IPS-LCD were 45:1.

[0064] FIG. 13A illustrates contrast characteristics of tilt
angles of 0~80° to all azimuthal angles under the above
conditions. Here, the center of a circle represents contrast
characteristics at a tilt angle of 0°, and the circumference of
the circle represents contrast characteristics at a tilt angle of
80°. The larger the radius of the circle is, the larger the tilt
angle is. Values 0~330, which are written along the circum-
ference of the circle, denote azimuthal angles.

[0065] Below Table 1 states simulated results showing
viewable angle characteristics at a tilt angle of 75° according
to retardation values of the internal protective film and the
phase retardation film in the structure of the [PS-LCD of the
first embodiment.



US 2007/0024792 A1l

Feb. 1,2007

TABLE 1

Internal protective Retardation Internal protective Minimum
film of 1% IPS- value of C Retardation value of B film of 27d contrast
polarizing plate  LCD film film polarizing plate  ratio
Zero COP or zero 330 nm Rth =350 nm  Rin = 90 nm, Rth = -50 nm B film + C film  45:1
TAC film Rth =60 nm  Rin =90 nm, Rth = -70 nm

Rth =80 nm  Rin =90 nm, Rth = -100 nm

Rth = 100 nm  Rin = 90 nm, Rth = -120 nm

Rth =126 nm  Rin = 90 nm, Rth = =150 nm

Rth=350nm  Rin =70 nm, Rth = -50 nm

Rth =80 nm  Rin = 70 nm, Rth = -90 nm

Rth = 110 nm  Rin = 70 nm, Rth = =120 nm

Rth =132 nm  Rin = 70 nm, Rth = -150 nm

Rth=35nm  Rin =110 nm, Rth = =50 nm

Rth=60 nm  Rin =110 nm, Rth = -80 nm

Rth = 100 nm  Rin = 110 nm, Rth = -130 nm

Rth = 140 nm  Rin = 90 nm, Rth = -75 nm

Second Embodiment Third Embodiment

[0066] In the IPS-LCD of the second embodiment, as [0069] Inthe IPS-LCD of the third embodiment, as shown

shown in FIG. 5, the internal protective film of the first
polarizing plate 1 and the internal protective film of the
second polarizing plate 2 were the same as those of the first
embodiment, but have retardation values different from
those of the first embodiment. That is, in the IPS-LCD of the
second embodiment, as shown in FIG. 5, the internal pro-
tective film of the first polarizing plate 1 was made of zero
COP or zero TAC. The internal protective film of the second
polarizing plate 2 was replaced with a phase retardation film
obtained by coating the upper surface of the biaxial film 17,
which has a thickness of 100 pm, an in-plane retardation
value (Rin) of 90 nm, and a thickness retardation value (Rth)
of -100 nm, with the C film 11, which has a thickness
retardation value (Rth) of 115 nm. When this phase retar-
dation film and the polarizing plates 1 and 2 were applied to
an IPS-LCD, the simulated minimum contrast ratios of a tilt
angle of 75° to all azimuthal angles in the IPS-LCD were
40:1.

[0067] FIG. 13B illustrates contrast characteristics of tilt
angles of 0~80° to all azimuthal angles under the above
conditions.

[0068] Below Table 2 states simulated results showing
viewable angle characteristics at a tilt angle of 75° according
to retardation values of the internal protective film and the
phase retardation film in the structure of the IPS-LCD of the
second embodiment.

TABLE 2

in FIG. 6, the internal protective film of the first polarizing
plate 1 was a zero COP film or a zero TAC film. The internal
protective film of the second polarizing plate 2 was replaced
with a phase retardation film obtained by coating the upper
surface of the biaxial film 17, which has a thickness of 80
wm, an in-plane retardation value (Rin) of 90 nm, and a
thickness retardation value (Rth) of =75 nm, with the C film
11, which has a thickness retardation value (Rth) of 130 nm.
When the above obtained phase retardation film and the
polarizing plates 1 and 2 were applied to an IPS-LCD, the
simulated minimum contrast ratios of a tilt angle of 75° to
all azimuthal angles in the IPS-LCD were 35:1~45:1. After
the upper surface of the biaxial phase retardation film 17 is
coated with the C film 11, a film made of zero TAC without
a retardation value may be additionally stacked thereon. The
IPS-LCD of this embodiment differs from the conventional
IPS-LCD using TAC having a retardation value in that the
EPS-LCD of this embodiment uses zero TAC without a
retardation value. The contrast ratio of the IPS-LCD having
the phase retardation film of the second polarizing plate,
which includes the film made of zero TAC, is the same as the
IPS-LCD having the phase retardation film of the second
polarizing plate, which does not include the film made of
zero TAC (The film made of zero TAC is applied to third to
seventh embodiments).

Internal
protective film

Internal
protective film of Minimum

of 1" polarizing IPS- Retardation Retardation value of B 274 polarizing contrast
plate LCD value of C film film plate ratio
Zero COPor  330nm Rth=115nm Rin =9 nm, Rth=-100nm B film + C film 40:1

zero TAC film Rih = 130 nm
Rih = 160 nm
Rth = 130 nm
Rth = 160 nm

Rth = 140 nm

Rin =90 nm, Rth = -120 nm
Rin =90 nm, Rth = -150 nm
Rin = 70 nm, Rth = -120 nm
Rin = 70 nm, Rth = =150 nm
Rin = 110 nm, Rth = =130 nm
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[0070] FIG. 14A illustrates contrast characteristics of tilt
angles of 0~80° to all azimuthal angles under the above
conditions.

[0071] Below Table 3 states simulated results showing
viewable angle characteristics at a tilt angle of 75° according
to retardation values of the internal protective film and the
phase retardation film in the structure of the IPS-LCD of the
third embodiment.

TABLE 3
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second polarizing plate 2 was replaced with a phase retar-
dation film obtained by coating the upper surface of the
biaxial film 17, which has a thickness 0of 100 um, an in-plane
retardation value (Rin) of 90 nm, and a thickness retardation
value (Rth) of =150 nm, with the C film 11, which has a
thickness retardation value (Rth) of 150 nm. When this
phase retardation film and the polarizing plates 1 and 2 were
applied to an IPS-LCD, the simulated minimum contrast

Internal

protective film

Internal protective Minimum

of 1% polarizing IPS- Retardation value of B Retardation film of 2°¢ contrast
plate 1.CD film value of C film polarizing plate  ratio
TAC film 330 nm Rin = 70 nm, Rth = -90 nm Rth=66nm Bfilm+ Cfilm 35:1
having Rin = 70 nm, Rth =-120nm  Rth=90nm  (+zero TAC
thickness of Rin = 90 nm, Rth = -100nm  Rth=70nm  film)
50 um Rin = 90 nm, Rth =-120 nm  Rth = 80 nm

Rin = 90 nm, Rth = -150 nm  Rth = 110 nm

Rin = 110 nm, Rth = -80 nm Rth = 45 nm

Rin = 110 nm, Rth = =120 nm  Rth = 70 nm

Rin = 110 nm, Rth = -150 nm  Rth = 100 nm
Zero COP or Rin = 110 nm, Rth = =150 nm  Rth = 125 nm 45:1
zero TAC film Rin = 110 nm, Rth = -120 nm  Rth = 100 nm

Rin = 110 nm, Rth = -80 nm Rth = 70 nm

Rin = 90 nm, Rth = -150 nm Rth = 132 nm

Rin = 90 nm, Rth = -120 nm  Rth = 110 nm

Rin = 90 nm, Rth = =50 nm Rth = 55 nm

Rin = 70 nm, Rth = -90 nm Rth = 90 nm

Rin = 90 nm, Rth = -75 nm Rth = 130 nm

Fourth Embodiment

[0072] In the IPS-LCD of the fourth embodiment, as
shown in FIG. 7, the internal protective film of the first
polarizing plate 1 and the internal protective film of the
second polarizing plate 2 were the same as those of the third
embodiment, but have retardation values different from
those of the third embodiment. That is, in the TPS-L.CD of
the fourth embodiment, as shown in FIG. 7, the internal
protective film of the first polarizing plate 1 was a zero COP
film or a zero TAC film. The internal protective film of the

ratios of a tilt angle of 75° to all azimuthal angles in the
IPS-LCD were 25:1~30:1.

[0073] FIG. 14B illustrates contrast characteristics of tilt
angles of 0~80° to all azimuthal angles under the above
conditions.

[0074] Below Table 4 states simulated results showing
viewable angle characteristics at a tilt angle of 75° according
to retardation values of the internal protective film and the
phase retardation film in the structure of the IPS-LCD of the
fourth embodiment.

TABLE 4
Internal
protective film Intemnal protective Minimum
of 1° polarizing IPS- Retardation value of B Retardation film of 27¢ contrast

plate LCD film value of C film polarizing plate ratio
TAC film 330 nm Rin =90 nm, Rth = -150nm  Rth=150 nm B film + C film (+zerc  25:1
having Rin = 110 nm, Rth =-150 nm  Rth =100 nm  TAC film)
thickness of
50 pm
Zero COP or Rin = 110 nm, Rth = -150 nm  Rth = 140 nm 30:1
zero TAC film Rin = 110 nm, Rth = -120 nm  Rth = 120 nm

Rin = 90 nm, Rth = =150 nm  Rth = 140 nm

Rin = 90 nm, Rth = =150 nm  Rth = 150 nm
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Fifth Embodiment

[0075] 1Inthe IPS-LCD of the fifth embodiment, as shown
in FIG. 8, the biaxial film 17 was made of stretched COP,
which has an in-plane retardation value (Rin) of 90 nm and
a thickness retardation value (Rth(550 nm)) of =75 nm. The
internal protective film of the first polarizing plate 1 was a
zero COP film or a zero TAC film. An A film 13, which has
a thickness of 100 pm and in-plane retardation value(Rin) of
70 nm, is inserted between the first polarizing plate 1 and
IPS panel 3. The internal protective film of the second
polarizing plate 2 was replaced with a phase retardation film
obtained by coating the upper surface the biaxial film 17
with the C film 11, which has a thickness retardation value
(Rth) of 110 nm. When the above obtained phase retardation
film and the polarizing plates 1 and 2 were applied to an
IPS-LCD, the simulated minimum contrast ratios of a tilt
angle of 75° to all azimuthal angles in the IPS-LCD were
48:1~52:1. After the upper surface of the biaxial film 17 is
coated with the C film 11, a film made of zero TAC without
a retardation value may be additionally stacked thereon.

[0076] FIG. 15A illustrates contrast characteristics of tilt
angles of 0~80° to all azimuthal angles under the above
conditions.

[0077] Below Table 5 states simulated results showing
viewable angle characteristics at a tilt angle of 75° according
to retardation values of the internal protective film and the
phase retardation film in the structure of the IPS-LCD of the
fifth embodiment.

TABLE 5
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Sixth Embodiment

[0078] In the EPS-LCD of the sixth embodiment, as
shown in FIG. 9, the uniaxial A film 12 adjacent to the first
polarizing plate 1 was made of stretched COP, which has an
in-plane retardation value (Rin) of 160 nm, and the uniaxial
A film 14 adjacent to the second polarizing plate 2 was made
of stretched COP, which has an in-plane retardation value
(Rin) of 130 nm. The internal protective film of the first
polarizing plate 1 was a TAC film, which has a thickness of
50 um and a thickness retardation value (Rth) of -32 nm.
The internal protective film of the second polarizing plate 2
was replaced with a phase retardation film obtained by
coating the upper surface of the uniaxial A film 14 with the
C film 11, which has a thickness retardation value (Rth) of
110 nm. When the above phase retardation film and the
polarizing plates 1 and 2 were applied to an IPS-LCD, the
simulated minimum contrast ratios of a tilt angle of 75° to
all azimuthal angles in the IPS-LCD were 45:1~55:1. A film
made of zero TAC without a retardation value may be
additionally stacked on the second polarizing plate 2.

[0079] FIG. 15B illustrates contrast characteristics of tilt
angles of 0~80° to all azimuthal angles under the above
conditions.

[0080] Below Table 6 states simulated results showing
viewable angle characteristics at a tilt angle of 75° according
to retardation values of the internal protective film and the
phase retardation film in the structure of the [PS-LCD of the
sixth embodiment.

Retardation
Internal  value of A

protective  film

Internal

film of 15t (1% Retardation protective film of Minimum
polarizing polarzing 1PS- Retardation value of B value of C 24 polarizing contrast
plate plate side) LCD film film plate ratio
TAC film Rin=100nm 330 nm Rin= 70 nm, Rth = -90 nm Rth=8 nm Bfim+ Cfilm 48:1
having Rin = 90 nm Rin =70 nm, Rth =-120nm  Rth=100nm (+zero TAC
thickness  Rin = 120 nm Rin=90nmm, Rth =-100nm  Rth=30nm film)
of 50 ym  Rin = 100 nm Rin = 90 nm, Rth =-120nm  Rth =90 nm

Rin = 70 nm Rin = 90 nm, Rth = -150 nm Rth = 110 nm

Rin = 150 nm Rin = 110 nm, Rth = -80 nm Rth = 35 nm

Rin = 100 nm Rin = 110 nm, Rth = -120 nm  Rth = 70 nm

Rin = 230 nm Rin = 110 nm, Rth = -150 nm  Rth = 130 nm
Zero COP  Rin = 90 nm Rin = 110 nm, Rth = -150 nm  Rth = 125 nm 52:1
or zero Rin = 70 nm Rin = 110 nm, Rth = -120 nm  Rth = 100 nm
TAC film Rin = 80 nm Rin = 110 nm, Rth = -80 nm Rth = 70 nm

Rin = 50 nm Rin = 90 nm, Rth = -150 nm Rth = 132 nm

Rin = 50 nm Rin = 90 nm, Rth = -120 nm Rth = 110 nm

Rin = 40 nm Rin = 70 nm, Rth = -90 nm Rth = 90 nm

Rin = 70 nm Rin = 90 nm, Rth = -75 nm Rth = 110 nm
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TABLE 6

Retardation
Internal value of A Internal
protective film protective
film of 1%t (1% film of 2°¢  Minimum
polarizing  polarizing Retardation Retardation polarizing  contrast
plate plate side) [PS-LCD  value of A film value of C film plate ratio
TAC film Rin =100 nm 330 nm Rin=110mm Rth=66nm Afilm+C 451
having Rin = 80 nm Rin =120 nm Rth=355nm  film {+zero
thickness of Rin = 160 nm Rin =130 nm Rth=100nm TAC film)
50 um Rin = 180 nm Rin =140 nm Rth = 88 nm

Rin = 100 nm Rin =90nm  Rth =77 nm

Rin = 160 nm Rin =130 nm Rth =110 nm
Zero COP or Rin = 50 nm Rin =110 nm  Rth = 88 nm 55:1
zero TAC Rin = 100 nm Rin =130 nom  Rth = 100 nm
film Rin = 200 nm Rin =150 nm Rth = 100 nm

Seventh Embodiment

[0081] In the IPS-LCD of the seventh embodiment, as
shown in FIG. 10, the uniaxial A film 12 adjacent to the first
polarizing plate 1 was made of stretched COP, which has an
in-plane retardation value (Rin) of 160 nm, and the uniaxial
A film 14 adjacent to the second polarizing plate 2 was made
of stretched COP, which has an in-plane retardation value
(Rin(550 nm)) of 130 nm. The internal protective film of the
first polarizing plate 1 was a TAC film, which has a thickness
of 50 um and a thickness retardation value (Rth) of =32 nm.
The internal protective film of the second polarizing plate 2
was replaced with a phase retardation film obtained by
coating the upper surface of the uniaxial A film 14 with the
C film 11, which has a thickness retardation value (Rth) of
110 nm. When the above obtained phase retardation film and

the polarizing plates 1 and 2 were applied to an IPS-LCD,
the simulated minimum contrast ratios of a tilt angle of 75°
to all azimuthal angles in the IPS-LCD were 40:1~48:1. A
film made of zero TAC without a retardation value may be
additionally stacked on the second polarizing plate 2.

[0082] FIG. 16A illustrates contrast characteristics of tilt
angles of 0~80° to all azimuthal angles under the above
conditions.

[0083] Below Table 7 states simulated results showing
viewable angle characteristics at a tilt angle of 75 according
to retardation values of the internal protective film and the
phase retardation film in the structure of the [PS-LCD of the
seventh embodiment.

TABLE 7

Retardation
Internal value of A Internal
protective film protective
filmof 1 (1% film of 2°¢  Minimum
polarizing polarizing Retardation Retardation polarizing contrast
plate plate side) IPS-LCD  value of A film value of C film plate ratio
TAC film Rin=240nm 300nm  Rin=140nm Rth=110nm Afilm +C 40:1
having Rin = 240 nm Rin =130 nm Rth =120 nm film (+zero
thickness of Rin = 220 nm Rin =120 nm Rth =100 nm TAC film)
50 um Rin = 200 nm Rin =110 nm  Rth = 100 nm

Rin = 180 nm Rin=90nm  Rth =100 nm

Rin = 160 nm Rin =130 nm  Rth = 110 nm
Zero COP Rin = 30 nm Rin = 110 nm  Rth = 90 nm 48:1
or zero TAC Rin = 30 nm Rin =130 nm  Rth = 110 nm

film
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Eighth Embodiment

[0084] In the IPS-LCD of the eighth embodiment, as
shown in FIG. 11, the uniaxial A film 12 adjacent to the first
polarizing plate 1 was made of stretched COP, which has an
in-plane retardation value (Rin(550 nm)) of 150 nm, and the
uniaxial A film 14 adjacent to the second polarizing plate 2
was made of stretched COP, which has an in-plane retarda-
tion value (Rin(550 nm)) of 150 nm. The internal protective
film of the first polarizing plate 1 was a zero COP film or a
zero TAC film. The internal protective film of the second
polarizing plate 2 was replaced with a phase retardation film
obtained by coating the uniaxial A film 14 with the C film 11
having thickness retardation value of 110 nm. When the
above obtained phase retardation film and the polarizing
plates 1 and 2 were applied to an IPS-LCD, the simulated
minimum contrast ratios of a tilt angle of 75° to all azimuthal
angles in the IPS-LCD were 32:1~38:1.

[0085] FIG. 16B illustrates contrast characteristics of tilt
angles of 0~80° to all azimuthal angles under the above
conditions.

[0086] Below Table 8 states simulated results showing
viewable angle characteristics at a tilt angle of 75° according
to retardation values of the internal protective film and the
phase retardation film in the structure of the IPS-LCD of the
eighth embodiment.
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Ninth Embodiment

[0087] Inthe IPS-LCD ofthe ninth embodiment, as shown
in FIG. 12, the uniaxial A film 12 adjacent to the first
polarizing plate 1 was made of stretched COP, which has an
in-plane retardation value (Rin(550 nm)) of 140 nm, and the
uniaxial A film 14 adjacent to the second polarizing plate 2
was made of stretched COP, which has an in-plane retarda-
tion value (Rin(550 nm)) of 110 nm. The internal protective
film of the first polarizing plate 1 was a TAC film, which has
a thickness of 50 pm and a thickness retardation value (Rth)
of -32 nm. The internal protective film of the second
polarizing plate 2 was replaced with a phase retardation film
obtained by coating the uniaxial A film 14 with the C film 11
having thickness retardation value of 100 nm. When the
above obtained phase retardation film and the polarizing
plates 1 and 2 were applied to an IPS-LCD, the simulated
minimum contrast ratios of a tilt angle of 75° to all azimuthal
angles in the IPS-LCD were 25:1~30:1.

[0088] FIG. 16C illustrates contrast characteristics of tilt
angles of 0~80° to all azimuthal angles under the above
conditions.

[0089] Below Table 9 states simulated results showing
viewable angle characteristics at a tilt angle of 75° according
to retardation values of the internal protective film and the
phase retardation film in the structure of the [PS-LCD of the
ninth embodiment.

TABLE 8
Retardation
Internal value of A
protective film Internal
film of 18 (1% Retardation protective film  Minimum
polarizing polarizing Retardation value of A of 2 contrast
plate plate side) [PS-LCD  value of C film film polarizing plate  ratio

Zero COP Rin = 160 nm 330 nm Rth =90 nm  Rin = 150 nm

Afilm + C film  38:1

or zero TAC Rin = 150 nm Rth =110 nm Rin=150nm (+zero TAC)
film
TAC film Rin = 150 nm Rth =100 nm  Rin = 120 nm 32:1
having
thickness of
50 pm
TABLE 9
Retardation
Internal value of A
protective film Internal
film of 13* (1% Retardation protective film  Minimum
polarizing polarizing Retardation value of A of 224 contrast
plate plate side) IPS-LCD  value of C film film polarizing plate  ratio

Zero COP or Rin =350 nm
zero TAC Rin =120 nm
TAC having Rin =180 nm
thickness of Rin =130 nm
50 um Rin =110 nm
Rin = 80 nm
Rin = 140 nm

330 nm Rth=115nm Rin=140nm A film + C film  30:1
Rth=130nm Rin = 150 nm
Rth=160nm Rin = 150 nm 25:1
Rth=130nm Rin = 130 nm
Rth=160nm Rin = 110 nm
Rth =140 nm Rin = 90 nm
Rth=100nm Rin = 110 nm
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[0090] As described above, all the IPS-LCDs, in which the
protective film of a polarizing plate is replaced with a phase
retardation film, had a high contrast ratio of more than 25:1.
Particularly, the IPS-LCD, which uses a zero TAC film, had
a higher contrast ratio than that of the IPS-LCD, which does
not use the zero TAC film. In order to confirm the above fact,
polarizing plates were manufactured, and contrast charac-
teristics of IPS-LCDs were measured and compared with
each other under the conditions in accordance with below
embodiments.

[0091] First, IPS-LCDs in accordance with tenth to four-
teenth embodiments of the present invention, which use a
phase retardation film, obtained by coating a negative
biaxial film with a uniaxial C film as the internal protective
film of the second polarizing plate, were analyzed.

Tenth Embodiment

[0092] The IPS-LCD of the tenth embodiment, as shown
in FIG. 17, was manufactured, and contrast characteristics of
the IPS-LCD were measured. In the IPS-LCD of the tenth
embodiment, the internal protective film of the first polar-
izing plate 1 was made of zero COP or zero TAC. The
internal protective film of the second polarizing plate 2 was
replaced with a phase retardation film obtained by coating
the biaxial film 17, which has a thickness of 80 pm, an
in-plane retardation value (Rin) of 90 nm, and a thickness
retardation value (Rth) of —75 nm, with the C film 11, which
has a thickness retardation value (Rth) of 140 nm.

Eleventh Embodiment

[0093] The IPS-LCD of the eleventh embodiment, as
shown in FIG. 18, was manufactured, and contrast charac-
teristics of the IPS-LCD were measured. In the IPS-LCD of
the eleventh embodiment, the internal protective film of the
first polarizing plate 1 was a thin TAC film, which has a
thickness retardation value (Rth) of =30 nm. The internal
protective film of the second polarizing plate 2 was replaced
with a phase retardation film obtained by coating the biaxial
film 17, which has a thickness of 80 um, an in-plane
retardation value (Rin) of 90 nm, and a thickness retardation
value (Rth) of =75 nm, with the C film 11, which has a
thickness retardation value (Rth) of 140 nm.

Twelfth Embodiment

[0094] TheIPS-LCD ofthe twelfth embodiment, as shown
in FIG. 19, was manufactured, and contrast characteristics of
the IPS-LCD were measured. In the IPS-LCD of the twelfth
embodiment, the internal protective film of the first polar-
izing plate 1 was a general TAC film, which has a thickness
retardation value (Rth) of -60 nm. The internal protective
film of the second polarizing plate 2 was replaced with a
phase retardation film obtained by coating the biaxial film
17, which has a thickness of 80 um, an in-plane retardation
value (Rin) of 90 nm, and a thickness retardation value (Rth)
of =75 nm, with the C film 11, which has a thickness
retardation value (Rth) of 140 nm.

Thirteenth Embodiment

[0095] The IPS-LCD of the thirteenth embodiment, as
shown in FIG. 20, was manufactured, and contrast charac-
teristics of the IPS-LCD were measured. In the IPS-LCD of
the thirteenth embodiment, the internal protective film of the
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first polarizing plate 1 was a zero TAC film, which does not
have a retardation value. The internal protective film of the
second polarizing plate 2 was replaced with a phase retar-
dation film obtained by coating the biaxial film 17, which is
provided with an optical axis parallel with the absorption
axis of the second polarizing plate 2 and has a thickness of
80 um, an in-plane retardation value (Rin) of 90 nm, and a
thickness retardation value (Rth) of =75 nm, with the C film
11, which has a thickness retardation value (Rth) of 140 nm.

Fourteenth Embodiment

[0096] The EPS-LCD of the fourteenth embodiment, as
shown in FIG. 21, was manufactured, and contrast charac-
teristics of the IPS-LCD were measured. In the IPS-LCD of
the fourteenth embodiment, the internal protective film of
the first polarizing plate 1 was a zero TAC film, which does
not have a retardation value. The internal protective film of
the second polarizing plate 2 was replaced with a phase
retardation film obtained by coating the upper surface of the
biaxial film 17, which has a thickness of 80 um, an in-plane
retardation value (Rin) of 60 nm, and a thickness retardation
value (Rth) of —170 nm, with the C film 11, which has a
thickness retardation value (Rth) of 220 nm.

Fifteenth Embodiment

[0097] The IPS-LCD of the fifteenth embodiment, as
shown in FIG. 22, was manufactured, and contrast charac-
teristics of the IPS-LCD were measured. In the IPS-LCD of
the fifteenth embodiment, the internal protective film of the
first polarizing plate 1 was a zero TAC film, which does not
have a retardation value, and the A film 12, which has a
thickness of 110 um and an in-plane retardation value (Rin)
of 100 nm, was located between the internal protective film
of the first polarizing plate 1 and the IPS-panel 3. The
internal protective film of the second polarizing plate 2 was
replaced with a phase retardation film obtained by coating
the upper surface of the uniaxial A film 14, which has a
thickness of 100 um and an in-plane retardation value (Rin)
of 130 nm, with the C film 11, which has a thickness
retardation value (Rth) of 100 nm.

[0098] In all the above embodiments, the C film has a
thickness of 1~2 pum.

[0099] FIGS. 23A to 23F illustrate measured results of
contrast ratios of the IPS-LCDs, in accordance with the tenth
to fifteenth embodiments. The measured values were similar
to the above simulated results, and had the tendency similar
as the simulated results, although a small difference between
the measured values and the simulated results exists.

[0100] FIG. 23A illustrates the measured results of the
contrast ratios of the IPS-LCD of the tenth embodiment,
which uses the zero TAC film as the protective film of the
first polarizing plate. In the TPS-LCD, the region having the
highest contrast ratio is distributed throughout the Poincare
sphere. Accordingly, the IPS-LCD exhibited high contrast
ratios at all viewable angles.

[0101] FIG. 23B illustrates the measured results of the
contrast ratios of the IPS-LCD of the eleventh embodiment,
which uses the same polarizing plates as those of the
IPS-LCD of the tenth embodiment except for the thin TAC
film having a thickness retardation value (Rth) of =30 nm
used as the protective film of the first polarizing plate. The
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IPS-LCD generally exhibited high contrast ratios, but low
contrast ratios of less than 20:1 in some regions at azimuthal
angles of 240° and 340°. Accordingly, the IPS-LCD of the
eleventh embodiment exhibited comparatively high contrast
ratios, although the contrast ratios of the IPS-LCD of the
eleventh embodiment are not satisfactory compared to the
IPS-LCD of the tenth embodiment.

[0102] FIG. 23C illustrates the measured results of the
contrast ratios of the IPS-LCD of the twelfth embodiment,
which uses the same polarizing plates as those of the
IPS-LCD of the tenth embodiment except for the general
TAC film having a thickness retardation value (Rth) of -60
nm used as the protective film of the first polarizing plate.
The TPS-LCD had the region exhibiting low contrast ratios,
which is broader than that of the IPS-LCD of the eleventh
embodiment.

[0103] FIG. 23D illustrates the measured results of the
contrast ratios of the IPS-LCD of the thirteenth embodiment,
which uses the same conditions as those of the IPS-LCD of
the tenth embodiment except that the optical axis of the
biaxial film is parallel with the absorption axis of the second
polarizing plate. The IPS-LCD of the thirteenth embodiment
exhibited low contrast ratios, compared to the IPS-L.CDs of
other embodiments. Accordingly, it was confirmed that the
dispositional direction of each of the films is an important
factor for determining the contrast ratio.

[0104] FIG. 23E illustrates the measured results of the
contrast ratios of the IPS-LCD of the fourteenth embodi-
ment, which uses the zero TAC film as the protective film of
the first polarizing plate, identically with the IPS-LCD of the
tenth embodiment, but uses the biaxial film of the phase
retardation film having a thickness retardation value being
lower than the value regulated by the present invention, as
the internal protective film of the second polarizing plate.
The IPS-LCD of the fourteenth embodiment exhibited con-
trast ratios, which are higher than those of the IPS-LCD of
the twelfth embodiment using the general TAC, but are
lower than those of the IPS-LCDs of the tenth and eleventh
embodiments, which have the most preferable condition.
Accordingly, it was confirmed that the control of the retar-
dation values of each of film layers of the phase retardation
film is another important factor for determining the contrast
ratio.

[0105] FIG. 23F illustrates the measured results of the
contrast ratios of the IPS-LCD of the fifteenth embodiment,
which uses the A film and the C film as the internal
protective film of the second polarizing plate. As shown in
FIG. 23F, the IPS-LCD of the fifteen embodiment exhibited
high contrast ratios, similarly to the IPS-LCD of the tenth
embodiment.

INDUSTRIAL APPLICABILITY

[0106] As apparent from the above description, the present
invention provides an in-plane switching liquid crystal dis-
play (IPS-LCD), which uses a second phase retardation film
exhibiting a broad viewable angle property as a protective
film of one polarizing plate. The IPS-LCD of the present
invention has a thin profile and a simple structure, and
causes the reduction of the production costs thereof.

[0107] The conventional IPS-LCD having upper and
lower protective films exhibits a contrast ratio of 10:1~45:1.
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On the other hand, the TPS-LCD of the present invention
exhibits a contrast ratio of 25:1~55:1. Accordingly, the
IPS-LCD of the present invention has a simple structure and
exhibits a reasonably high contrast ratio.

[0108] Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled in the art will appreciate that various modifi-
cations, additions and substitutions are possible, without
departing from the scope and spirit of the invention as
disclosed in the accompanying claims.

1. An in-plane switching liquid crystal display (IPS-LCD)
comprising a first polarizing plate, a second polarizing plate,
an horizontally oriented IPS panel disposed between the first
and second polarizing plates and filled with a liquid crystal
having positive dielectric constant anisotropy (Ae>0), and a
first protective film disposed between the first polarizing
plate and the IPS panel, in which an absorption axis of the
first polarizing plate and an absorption axis of the second
polarizing plate are orthogonal to each other, and an optical
axis of the liquid crystal in the IPS panel and the absorption
axis of the first polarizing plate are parallel with each other,

wherein a second phase retardation film, obtained by
coating a biaxial film with a uniaxial C film, is disposed
between the second polarizing plate and the IPS panel
and is used as a second protective film between the EPS
panel and the second polarizing plate.
2. The IPS-L.CD according to claim 1, further comprising
a first phase retardation film including a uniaxial A film and
disposed between the IPS panel and the first polarizing film.
3. The IPS-LCD according to claim 2, wherein the first
phase retardation film including the uniaxial A film has an
in-plane retardation value (Rin) of 30~450 nm, the biaxial
film of the second phase retardation film has an in-plane
retardation value (Rin) of 50~150 nm and a thickness
retardation value (Rth) of —=50~-150 nm, and the uniaxial C
film of the second phase retardation film has a thickness
retardation value (Rth) of 50~170 nm, said retardation
values denoting retardation values at a wavelength of 550
nm.
4. An in-plane switching liquid crystal display (IPS-LCD)
comprising a first polarizing plate, a second polarizing plate,
horizontally oriented IPS panel disposed between the first
and second polarizing plates and filled with a liquid crystal
having positive dielectric constant anisotropy (Ae>0), and a
first protective film disposed between the first polarizing
plate and the IPS panel, in which an absorption axis of the
first polarizing plate and an absorption axis of the second
polarizing plate are orthogonal to each other, and an optical
axis of the liquid crystal in the IPS panel and the absorption
axis of the first polarizing plate are parallel with each other,

wherein a second phase retardation film, obtained by
coating a uniaxial A film with a uniaxial C film, is
disposed between the second polarizing plate and the
IPS panel and is used as a second protective film
between the IPS panel and the second polarizing plate,
and a first phase retardation film including a uniaxial A
film is disposed between the IPS panel and the first
polarizing film.

5. The IPS-LCD according to claim 4, wherein the first
phase retardation film including the uniaxial A film has an
in-plane retardation value (Rin) of 30~450 nm, the uniaxial
A film of the second phase retardation film has an in-plane
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retardation value (Rin) of 80~150 nm, and the uniaxial C
film of the second phase retardation film has a thickness
retardation value (Rth) of 50~170 nm, said retardation
values denoting retardation values at a wavelength of 550
nm.

6. The IPS-LCD according to claim 2 or 4, wherein an
optical axis of the first phase retardation film in the direction
of the X axis is parallel with the absorption axis of the first
polarizing plate.

7. The IPS-LCD according to claim 1 or 4, wherein the
first protective film is one film selected from the group
consisting of a non-stretched zero COP film, a non-stretched
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zero TAC film, and a TAC film having a thickness of 50 pm
and a thickness retardation value.

8. The IPS-LCD according to claim 7, wherein the first
protective film is a non-stretched zero TAC film.

9. The IPS-LCD according to claim 2 or 4, wherein the
uniaxial A film is made of lengthwise stretched polymer, the
biaxial film is made of crosswise stretched polymer, and the
uniaxial C film is obtained by coating an orientation film
with a liquid crystal and hardening the liquid crystal coated
on the orientation film.
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