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IN-PLANE SWITCHING LIQUID CRYSTAL
DISPLAY COMPRISING COMPENSATION
FILM FOR ANGULAR FIELD OF VIEW
USING POSITIVE BIAXTAL RETARDATION
FILM

CROSS-REFERENCE TO RELATED
APRLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2003-0083023, filed Nov. 21, 2003 in Korea.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
(LCD), and more particularly to an in-plane switching liquid
crystal display (IPS-LCD) including a compensation film,
which uses a positive biaxial retardation film while adjusting
an optical axis direction and a retardation value of the positive
biaxial retardation film in order to improve a viewing angle
characteristic of the in-plane switching liquid crystal display
having a liquid crystal cell filled with liquid crystal of positive
dielectric anisotropy (A&>0) or negative dielectric anisotropy
(AE<O0).

BACKGROUND ART

Electrodes of an IPS-L.CD are aligned in such a manner that
an electric field is applied in parallel to a liquid crystal plane
of'the IPS-LCD. Surfaces of a liquid crystal layer adjacent to
two substrates have pretilt angles in a range of 0° to 5° as
disclosed in U.S. Pat. No. 6,078,375. An IPS panel (liquid
crystal cell) has an active matrix drive electrode comprising a
pair of electrodes aligned in the same plane. In addition, the
active matrix drive electrode provides IPS (In-Plain Switch-
ing), S-IPS (Super-In-Plain Switching) and FFS (Fringe Field
Switching) modes to a liquid crystal layer formed between
two glass substrates. According to the S-IPS mode, a two-
domain liquid crystal alignment can be obtained by forming a
zig-zag type electrode pattern, so an IPS color shift in a white
state(Bright State) may be minimized.

The IPS-LCD is disclosed in U.S. Pat. No. 3,807,831.
However, the IPS-LCD disclosed in U.S. Pat. No. 3,807,831
does not use a compensation film. Accordingly, the IPS-LCD
represents a low contrast ratio at a predetermined inclination
angle due to a relatively great amount of light leakage.

U.S. Pat. No. 5,189,538 discloses an L.CD including two
kinds of retardation films, such as a +A-plate and a positive
biaxial retardation film, but it does not disclose information or
technologies about the IPS-LCD.

U.S. Pat. No. 5,440,413 discloses a TN-LCD having two
positive biaxial retardation films in order to improve the con-
trast characteristic and color characteristic of the TN-LCD at
a predetermined inclination angle.

An IPS-LCD compensation film using one positive biaxial
retardation film is disclosed in U.S. Pat. No. 6,285,430. Char-
acteristics of the IPS-LCD are as follows:

One positive biaxial retardation film is aligned between a

polarizer plate and a liquid crystal layer.

Anin-plane retardation value of the biaxial retardation film
is about 190 nm to 390 nm.

Anin-plane retardation value of the biaxial retardation film
increases in proportional to an absolute value of a retar-
dation in a direction of thickness of a polarizer plate
protection film.

A main object of using the biaxial retardation film is to

improve a contrast characteristic of the IPS-LCD at an incli-
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nation angle in all azimuthal angles, especially 45°, 135°,
225° and 315°. Although the contrast characteristic of the
IPS-L.CD can be improved at the above azimuthal angles, the
IPS-L.CD in a black state represents a great amount of light
leakage at other azimuthal angles. For this reason, a contrast
ratio of the IPS-LCD is relatively reduced at other azimuthal
angles. Therefore, the above IPS-L.CD has a disadvantage in
that the IPS-LCD represents a relatively low contrast ratio at
specific azimuthal angles due to relatively great light leakage
in the black state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view illustrating a basic structure of an IPS-
LCD.

FIG. 2 is a view illustrating an alignment of an absorption
axis of a polarizer plate and an optical axis of liquid crystal in
IPS-L.CD panel of FIG. 1.

FIG. 3 is a view illustrating a refractive index of a retarda-
tion film.

FIGS. 4a and 45 are views illustrating a structure of a first
IPS-LCD including a viewing angle compensation film
according to one embodiment of the present invention.

FIGS. 5a and 54 are views illustrating a structure of a
second IPS-LCD including a viewing angle compensation
film according to one embodiment of the present invention.

FIGS. 6a and 64 are views illustrating a structure of a third
IPS-LCD including a viewing angle compensation film
according to one embodiment of the present invention.

FIGS. 7 to 10 are graphs representing simulation results for
a contrast characteristic at inclination angles of about 0° to
80° in all azimuthal angles when a white light is used in an
IPS-L.CD structure including a viewing angle compensation
film according to one embodiment ofthe present invention, in
which FIG. 7 is a simulation result of a first IPS-LCD struc-
ture, FIG. 8 is a simulation result of a second IPS-LCD
structure, FIG. 9 is a simulation result of a third IPS-LCD
structure, and FIG. 10 is a simulation result of a third IPS-
LCD structure.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide an IPS-
LCD capable of obtaining a high contrast characteristic at all
inclination angles in all azimuthal angles as well as at a front
position.

Another object of the present invention is to provide an
IPS-LCD representing low transmittance in a black state at all
inclination angles in all azimuthal angles.

The present invention accomplishes the above object by
using a positive biaxial retardation film while adjusting an
optical axis direction and the retardation value of the positive
biaxial retardation film.

In order to accomplish the above object, there is provided
anin-plane switching liquid crystal display comprising: a first
polarizer plate; a second polarizer plate; and a liquid crystal
cell, which is horizontally aligned between two glass sub-
strates and filled with liquid crystal of positive dielectric
anisotropy (AE>0) or negative dielectric anisotropy (AE<0),
an optical axis of the liquid crystal filled in the liquid crystal
cell being aligned in-plane in parallel to the first and second
polarizer plates, wherein an absorption axis of the first polar-
izer plate is perpendicular to an absorption axis of the second
polarizer plate, the optical axis of the liquid crystal filled in
the liquid crystal cell is parallel to the absorption axis of the
first polarizer plate, a positive biaxial retardation film is
aligned between the liquid crystal cell and the polarizer plate



US 7,446,838 B2

3

in order to compensate for a viewing angle, and an optical axis
direction and a retardation value of the positive biaxial retar-
dation film are adjusted according to an alignment order of
positive biaxial retardation films.

In order to compensate for the viewing angle of the in-
plane switching liquid crystal display (IPS-L.CD) in a black
state, the present invention is characterized by using at least
one positive biaxial retardation film in which an optical axis
direction and a retardation value of the positive biaxial retar-
dation film are adjusted according to upper and lower polar-
izer plates and an alignment order of the positive biaxial
retardation films.

A contrast ratio is an index representing a degree of defi-
nition for an image, and a high contrast ratio allows a high
definition image. The contrast characteristic of the IPS-LCD
is most deteriorated at an inclination angle of 70°. Thus, if the
IPS-LCD represents an improved contrast characteristic at
the inclination angle of 70°, it means that the contrast char-
acteristic of the IPS-L.CD is improved at all viewing angles.
Accordingly, comparison of improvement for viewing angle
characteristics of IPS-L.CDs is preferably carried out with the
inclination angle of 70°. When the IPS-LCD uses the only
polarizer plates, a minimum contrast ratio at the inclination
angle of 70° is equal to or less than 10:1. However, the
IPS-LCD of the present invention uses the positive biaxial
retardation film while adjusting the optical axis and the retar-
dation value thereof, so the IPS-L.CD of the present invention
may represent a minimum contrast ratio above 20:1. Prefer-
ably, the IPS-L.CD of the present invention represents the
minimum contrast ratio above 20:1 at the inclination angle of
70°.

Reference will now be made in detail to the present inven-
tion.

FIG. 1 is a view illustrating a basic structure of an IPS-
LCD.

The IPS-L.CD includes a first polarizer plate 1, a second
polarizer plate 2 and a liquid crystal cell 3. An absorption axis
4 of the first polarizer plate 1 is aligned in perpendicular to the
an absorption axis 5 of the second polarizer plate 2 and the
absorption axis 4 of the first polarizer plate 1 is parallel to an
optical axis 6 of the liquid crystal cell 3. In FIG. 2, two
absorption axes 4 and 5 of two polarizer plates and one optical
axis 6 of one liquid crystal cell are shown.

The liquid crystal display using a compensation film
according to the present invention includes the first polarizer
plate 1, the liquid crystal cell 3, which is horizontally aligned
between two glass substrates and filled with liquid crystal of
positive dielectric anisotropy (A€>0) or negative dielectric
anisotropy (AE€<0), and the second polarizer plate 2. The
optical axis 6 of the liquid crystal filled in the liquid crystal
cell 3 is aligned in-plane in parallel to the polarizer plates. The
absorption axis 4 of the first polarizer plate 1 is aligned in
perpendicular to the absorption axis 5 of the second polarizer
plate 2 and the absorption axis 4 of the first polarizer plate 1
is parallel to the optical axis 6 of the liquid crystal filled in the
liquid crystal cell 3. In addition, one of the first and second
substrates includes an active matrix drive electrode having a
pair of electrodes, which is formed on a surface of the sub-
strate adjacent to a liquid crystal layer.

A retardation value of the liquid crystal layer is defined as
R; (0, ; 1, ;-)xd, wherein d is a thickness of the liquid
crystal layer. Preferably, the liquid crystal layer of the IPS
panel according to the present invention has a retardation
value in a range of 200 nm to 400 nm at a wavelength of 550
nm.

In order to make a white state when voltage is applied to the
IPS-LCD panel, the light linearly polarized at 90° after pass-
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ing through the first polarizer plate must be linearly polarized
into 0° after it has passed through the liquid crystal layer.
Further, in order to achieve the state of light polarized as
described above, the retardation value of the liquid crystal
layer of the IPS-L.CD must be a half wavelength of 589 nm (a
monochromatic light representing a highest brightness which
a person can feel). Therefore, in order to allow the light to
produce a white color, the retardation value of the liquid
crystal layer of the IPS-L.CD can be adjusted to be somewhat
shorter or longer than the half wavelength of 589 nm. There-
fore, the retardation value is preferably in the range around
295 nm corresponding to the half wavelength of 589 nm.

The LCD of the present invention may align the liquid
crystal in multi-directions, or the liquid crystal may be
divided into multi-regions by voltage applied thereto.

The LCDs can be classified into IPS (In-Plain Switching)
LCDs, Super-IPS (Super-In-Plain Switching) L.CDs and FFS
(Fringe Field Switching) LCDs according to modes of the
active matrix drive electrode including a pair of electrodes. In
the present invention, the IPS-LCD may include the Super-
IPS LCD, the FFS LCD, and a reverse TN IPS LCD.

FIG. 3 illustrates a refractive index of a retardation film
used for compensating for a viewing angle of the IPS-L.CD.
Referring to FIG. 3, a refractive index in an x-axis direction is
n,(8), a refractive index in a y-axis direction is n,(9), and a
refractive index in a z-axis direction is n(10). The character-
istic of the retardation film depends on the refractive index.

A biaxial retardation film represents mutually different
refractive indexes in x-axis, y-axis and z-axis directions. The
biaxial retardation film is defined as follows:

n=1,=1, Equation 1

A negative biaxial retardation film is defined as follows:

=151, Equation 2

A positive biaxial retardation film is defined as follows:

N,=n,<n, Equation 3

The positive biaxial retardation film satistying Equation 3
represents mutually different refractive indexes in x-axis,
y-axis and z-axis directions, so it has an in-plane retardation
value and a thickness retardation value. The in-plane retarda-
tion value can be defined as follows by using in-plane refrac-
tive indexes of n,(8) and n,(9).

R;,=dx(n-n,), Equation 4
wherein d is a thickness of a film.

The thickness retardation value can be defined as follows
by using refractive indexes of n (9) and n,(10).

Ry=dx(n-n,), Equation 5
wherein d is a thickness of a film.

The positive biaxial retardation film signifies a film having
the positive in-plane retardation value and the positive thick-
ness retardation value.

The wavelength dispersion characteristic of the positive
biaxial retardation film includes normal wavelength disper-
sion, flat wavelength dispersion, and reverse wavelength dis-
persion. The unlimited example of the positive biaxial retar-
dation film includes an UV curable liquid crystal film using a
nematic liquid crystal and a biaxially oriented PC (polycar-
bonate).

According to the present invention, the direction of the
optical axis of the retardation film is determined according to
an alignment order of the retardation film.

According to a first embodiment of the present invention,
there is provided an in-plane switching liquid crystal display
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including a positive biaxial retardation film 11 aligned
between an IPS panel 3 and a second polarizer plate 2, in
which an optical axis 12 of the positive biaxial retardation
film 11 is perpendicular to an absorption axis 5 of the second
polarizer plate 2, with an in-plane retardation value of the
positive biaxial retardation film 11 equal to or less than 190
nm at a wavelength of 550 nm.

The optical axis of the retardation film relates to light
leakage generated from two polarizer plates with the absorp-
tion axes thereof aligned perpendicularly to each other. That
is, in order to minimize the light leakage of the polarizer
plates, the in-plane optical axis of the positive biaxial retar-
dation film must be aligned perpendicularly to the absorption
axis of the polarizer plate adjacent to the positive biaxial
retardation film.

When the absorption axes of the polarizer plates are
aligned in an angular direction of 0° and 90° respectively, ifan
observer checks the black state while inclining the polarizer
plates in a direction of an azimuthal angle of 45°, it can be
found that the light leakage increases as the inclination angle
increases. This is because the angle between absorption axes
of two polarizer plates greatly deviates from a perpendicular
state as the inclination angle increases. That is, in order to
minimize the light leakage, the polarized light must be rotated
by an extent of angle as deviated from a perpendicular state.
The light radiated from a backlight unit is linearly polarized
after passing through the first polarizer plate, and a rotational
angle of the linearly polarized light must be increased accord-
ing to the inclination angle. In order to rotate the linearly
polarized light, the in-plane optical axis of the positive biaxial
retardation film must be aligned in perpendicular to the
absorption axis of the adjacent polarizer plate.

Meanwhile, in order to allow the linearly polarized light to
rotate in match with the absorption axis of the second polar-
izer plate corresponding to an increase of the inclination
angle, the in-plane retardation value of the positive biaxial
retardation film is preferably set equal to or less than 190 nm.
At this time, the in-plane retardation value of the positive
biaxial retardation film may vary according to the thickness
retardation value of the positive biaxial retardation film. In
order to properly compensate for the viewing angle, it is
preferred to reduce the in-plane retardation value as the total
thickness retardation value of the retardation film increases.

The first embodiment of the present invention is illustrated
in FIGS. 4a and 44, and the structures of the IPS-LCDs shown
in FIGS. 4a and 454 are substantially identical to each other,
except for positions of a backlight unit and an observer.

Table 1 is a simulation result for a viewing angle charac-
teristic at an inclination angle of 70° according to design
values (in-plane retardation value and thickness retardation
value) of a polarizer plate protective film and the positive
biaxial retardation film under the first IPS-LCD structure
shown in FIG. 4a.

TABLE 1
Internal Internal Minimum
protective protective contrast
film of 1% Positive biaxial film of 274 ratio at
polarizer  IPS- retardation film polarizer inclination
plate Panel R;, (nm) Ry (nm) Nz plate angle of 70°
cop 290 180 144 0.2 80 um TAC 166
nm 160 173 -0.08 120 um TAC 83
40 um 160 38 0.45 40 um TAC 83
TAC 124 102 0.18 80 um TAC 79
118 139 -0.17 120 um TAC 65
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TABLE 1-continued
Internal Internal Minimum
protective protective contrast
film of 1°* Positive biaxial film of 2°¢ ratio at
polarizer  IPS- retardation film polarizer inclination
plate Panel R, (nm) Ry (nm) Nz plate angle of 70°
80 um 160 49 0.72 cop 33
TAC 155 78 0.5 40 um TAC 30
110 77 0.3 80 um TAC 30

The simulation is carried out with conditions representing
the superior viewing angle characteristic at all inclination
angles in all azimuthal angles by taking the retardation values
of internal protective films of the first and second polarizer
plates 1 and 2, the in-plane retardation value and the thickness
retardation value of the positive biaxial retardation film 11,
and an Nz representing biaxiality into consideration.

Herein, the Nz is an index representing biaxiality of the
positive biaxial retardation film, which can be defined as
follows by using the refractive indexes of the film in three axis
directions.

(e —ny) Equation 6

T (—ny)

z

Table 1 shows the improvement in the viewing angle char-
acteristic according to the design values of the polarizer plate
protective film and the positive biaxial retardation film.
Referring to Table 1, since the IPS-L.CD which does not use
the viewing angle compensation film has a minimum CR
(contrast ratio) of about 7:1, if the IPS-LCD represents the CR
above 30:1 at an inclination angle of 70°, it means that the CR
value above 30:1 can be obtained in all viewing angles, result-
ing in a much improvement of the viewing angle character-
istic.

In addition, Table 2 shows a simulation result when prac-
tical design values of a retardation film are applied to the
IPS-LCD structure shown in FIG. 4b.

TABLE 2
Internal Internal Minimum
protective protective contrast
film of 1°* Positive biaxial film of 22d ratio at
polarizer  IPS- retardation film polarizer inclination
plate Panel R;, (nm) Ry (nm) Nz plate angle of 70°
40 um 250 170 76 0.55 40 um TAC 83
TAC 290 160 88 0.45 83
330 155 102 0.34 83

Table 2 shows the improvement in the viewing angle char-
acteristic according to the design values of the polarizer plate
protective film and the positive biaxial retardation film. If 40
um TAC (triacetate cellulose) is used as a polarizer plate
protective film, the polarizer plate protective film has a nega-
tive R,;, lower than an R, of the polarizer plate protective film
of 80 um TAC, so the design value of the positive biaxial
retardation film is changed. Accordingly, it is possible to
obtain a superior viewing angle characteristic by varying the
design values. In detail, it is possible to obtain the CR more
than 80:1 atan inclination angle of 70° by adjusting the design
values of the polarizer plate protective film and the positive
biaxial retardation film.
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According to a second embodiment of the present inven-
tion, there is provided an in-plane switching liquid crystal
display including a first positive biaxial retardation film 11
aligned between an IPS panel 3 and a first polarizer plate 1,
and a second positive biaxial retardation film 13 aligned
between the IPS panel 3 and a second polarizer plate 2, in
which an optical axis 12 of the first positive biaxial retarda-
tion film 11 is parallel to an absorption axis 4 of the first
polarizer plate 1 and an optical axis 14 of the second positive
biaxial retardation film 13 is perpendicular to an absorption
axis 5 of the second polarizer plate 2, with the first positive
biaxial retardation film 11 having an in-plane retardation
value equal to or less than 190 nm at a wavelength of 550 nm
and the second positive biaxial retardation film 13 having an
in-plane retardation value in a range of 150 to 350 nm at a
wavelength of 550 nm.

The viewing angle characteristic of the IPS-L.CD may be
lowered due to a geometrical problem of the polarizer plate
depending on the viewing angle and a dependency of the
retardation value of the IPS-L.CD panel to the viewing angle.
The black state of the LCD is obtained by using two polarizer
plates, in which a light generated from the backlight unit and
linearly polarized by the first polarizer plate is absorbed by
means of the absorption axis of the second polarizer plate.
However, unlike a vertical incident light, a slantingly incident
light creates a rotated linearly polarized light which has been
rotated after passing through the polarizer plate, and experi-
ences the absorption axis ofthe second polarizer plate rotated.
Therefore, the linearly polarized light introduced through the
first polarizer plate is not perpendicular to the absorption axis
of the second polarizer plate, so a light component, which is
parallel to a transmission axis, is created. As the inclination
angle becomes enlarged, the linearly polarized light greatly
deviates from the perpendicular state with respect to the trans-
mission axis, so light components in parallel to the transmis-
sion axis may increase. For this reason, the light leakage may
occur in the black state.

The light leakage under the black state of the LCD is amain
factor causing deterioration of the viewing angle characteris-
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film. In order to allow the light, which has been linearly
polarized, to match with the absorption axis of the second
polarizer plate according to the inclination angle, the in-plane
retardation value and the thickness retardation value are nec-
essary.

The absorption axis of the first polarizer plate must match
with the optical axis of the first positive biaxial retardation
film, so as that a predetermined elliptically polarized light can
be created through the first positive biaxial retardation film.
Then, the elliptically polarized light turns into a linearly
polarized light matching with the absorption axis of the polar-
izer plate through the second positive biaxial retardation film.
To this end, the optical axis of the second positive biaxial
retardation film must be aligned perpendicularly to the
absorption axis of the second positive biaxial retardation film.
If the first positive biaxial retardation film having an in-plane
retardation value equal to or less than 190 nmis employed, the
first positive biaxial retardation film converts the light, which
has been linearly polarized through the first polarizer plate,
into an elliptically polarized light, which is required for gen-
erating the linearly polarized light which matches with the
absorption axis of the second polarizer plate after the light has
passed through the second positive biaxial retardation film.

The second positive biaxial retardation film converts the
elliptically polarized light formed through the first positive
biaxial retardation film into the linearly polarized light. In
addition, if the second positive biaxial retardation film having
the retardation value in a range of about 150 nm to 350 nm is
used according to the polarizing state of the light created by
the first positive biaxial retardation film, it is possible to
obtain the linearly polarized light which matches with the
absorption axis of the second polarizer plate.

The second embodiment of the present invention is illus-
trated in FIGS. 5a and 556, and the structures of the IPS-LCDs
shown in FIGS. 5a and 55 are substantially identical to each
other, except for positions of a backlight unit and an observer.

Table 3 shows a simulation result when practical design
values of a retardation film are applied to the second IPS-LCD
structure shown in FIG. 5a or 54.

TABLE 3
Internal Internal Minimum
protective protective contrast
film of 1°* Positive biaxial Positive biaxial film of 2°¢ ratio at
polarizer retardation film IPS- retardation film polarizer angle of
plate R;, (mm) Ry (nm) Nz Panel Ry, (nm) Ry (nm) Nz plate 70°
cop 25 12.5 0.5 290nm 285 142 03 cop 238
35 17 0.5 230 115 0.5 40um TAC 160
60 30 0.5 200 100 0.5 80um TAC 55
40 um TAC 160 38 0.45 302 151 03 cop 214
124 102 0.18 250 125 0.5 40um TAC 136
118 139 -0.17 220 110 0.5 80um TAC 50
80 um TAC 160 49 0.72 350 175 03 cop 100
155 78 0.5 300 150 0.5 40um TAC 68

tic of the LCD. The light leakage increases according to an
increase of the inclination angle and the increase of the light
leakage lowers the CR and increases a color shift. Thus, it is
possible to improve the viewing angle characteristic by mini-
mizing the light leakage under the black state depending on
the inclination angle. In order to improve the viewing angle
characteristic, the light which has been linearly polarized
after passing through the first polarizer plate must match with
the absorption axis of the second polarizer plate. To this end,
the present invention utilizes the positive biaxial retardation

65

The above simulation is carried out with conditions repre-
senting the superior viewing angle characteristic at all incli-
nation angles in all azimuthal angles by taking the retardation
values of internal protective films of the first and second
polarizer plates 1 and 2, the in-plane retardation value and he
thickness retardation value of the first and second positive
biaxial retardation films 11 and 13, and an Nz representing
biaxiality into consideration.

Table 3 shows the minimum CR values at the inclination
angle of 70° according to the design values (in-plane retarda-
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tion value, thickness retardation value and internal protective
film) of the first and second positive biaxial retardation films
in the IPS-LCD. The most superior viewing angle character-
istic is represented when a non oriented COP (cyclo olefin
polymer) film having a thickness retardation value of 0 is used
for the polarizer plate internal protective film.

According to a third embodiment of the present invention,
there is provided an in-plane switching liquid crystal display
including a first positive biaxial retardation film 11 aligned
between an IPS panel 3 and a first polarizer plate 1, and a
second positive biaxial retardation film 13 aligned between

10

dation value of the first positive biaxial retardation film and
the second positive biaxial retardation film having the retar-
dation value in a range of about 200 nm to 350 nm can create
the linearly polarized light, which matches with the absorp-
tion axis of the second polarizer plate.

The third embodiment of the present invention is illustrated
in FIGS. 6a and 654, and the structures of the IPS-LCDs shown
in FIGS. 6a and 65 are substantially identical to each other,
except for positions of a backlight unit and an observer.

Table 4 shows a simulation result when practical design
values of a retardation film are applied to the third IPS-LCD
structure shown in FIG. 6a or 65.

TABLE 4
Internal Internal Minimum
protective protective contrast
film of 1% Positive biaxial Positive biaxial film of 274 ratio at
polarizer retardation film IPS- retardation film polarizer angle of
plate R;, (mm) Ry (nm) Nz Panel Ry, (nm) Ry (nm) Nz plate 70°
COP 35 17 05 290nm 250 125 05 COP 278
44 22 0.5 310 155 0.5 40umTAC 234
75 37 0.5 334 167 0.5 80umTAC 100
40 um TAC 100 50 0.5 241 120 05 COP 259
120 60 0.5 282 141 05 40umTAC 235
145 72 0.5 314 157 0.5 80umTAC 94
80 um TAC 123 62 0.5 180 90 05 COP 136
145 72 0.5 239 120 0.5 40umTAC 100

the IPS panel 3 and a second polarizer plate 2, in which an
optical axis 12 of the first positive biaxial retardation film 11
is parallel to an absorption axis 4 of the first polarizer plate 1
and an optical axis 14 of the second positive biaxial retarda-
tion film 13 is parallel to an absorption axis 5 of the second
polarizer plate 2, with the first positive biaxial retardation film
11 having an in-plane retardation value equal to or less than
150 nm at a wavelength of 550 nm and the second positive
biaxial retardation film 13 having an in-plane retardation
value in a range of 200 to 350 nm at a wavelength of 550 nm.

The optical axis of first positive biaxial retardation film
must be aligned in parallel to the absorption axis of the first
polarizer plate in order to convert the light into an elliptically
polarized light, which is required for generating the linearly
polarized light after the light passes through the second posi-
tive biaxial retardation film.

The elliptically polarized light created by the first positive
biaxial retardation film can be converted into the linearly
polarized light through two methods. A first method is to align
the optical axis of the second positive biaxial retardation film
in perpendicular to the absorption axis of the second polarizer
plate and a second method is to align the optical axis of the
second positive biaxial retardation film in parallel to the
absorption axis of the second polarizer plate. In this case, the
design value of the first method is different from that of the
second method.

The retardation value of the first positive biaxial retarda-
tion film may vary depending on the design value of the
second positive biaxial retardation film and the first positive
biaxial retardation film having the in-plane retardation value
equal to or less than 150 nm can create the elliptically polar-
ized light required for generating the linearly polarized light,
which is parallel to the absorption axis of the second polarizer
plate, after the light has passed through the second positive
biaxial retardation film.

In addition, the retardation value of the second positive
biaxial retardation film is determined according to the retar-
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The above simulation is carried out with conditions repre-
senting the superior viewing angle characteristic at all incli-
nation angles in all azimuthal angles by taking the retardation
values of internal protective films of the first and second
polarizer plates 1 and 2, the in-plane retardation value and the
thickness retardation value of the positive biaxial retardation
film, and an Nz representing biaxiality into consideration. In
order to simplify the simulation, “Nz=0.5"is adopted in Table
4. However, it is also possible to use other values of the Nz.

Table 4 shows the minimum CR values at the inclination
angle of 70° according to the design values when the absorp-
tion axis of the first polarizer plate is parallel to the optical
axis of the first positive biaxial retardation film and the
absorption axis of the second polarizer plate is parallel to the
optical axis of the second positive biaxial retardation film.
The minimum CR value at the inclination angle of 70° may
vary according to the design values of the first and second
positive biaxial retardation films and the polarizer plate inter-
nal protective film. The most superior viewing angle charac-
teristic is represented when a non oriented COP (cyclo olefin
polymer) film, which has no in-plane retardation value, is
used for the polarizer plate internal protective film.

The polarizer plate may use internal and external protective
films having unique negative thickness retardation values or
internal and external protective films, which do not have the
thickness retardation values.

The unlimited example of internal protective film includes
non oriented COP (cyclo olefin polymer), 40 um TAC(triac-
etate cellulose), 80 um TAC(triacetate cellulose) or PNB
(polynobonene).

The thickness retardation value of the polarizer plate inter-
nal protective film is a very important factor when designing
the retardation film such that the IPS-LCD represents low
transmittance under a dark state at all inclination in all azi-
muthal angles.

The internal protective film of the first polarizer plate 1
preferably has a thickness retardation value of 0 or a negative
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thickness retardation value. This is because the positive
biaxial retardation film adjacent to the first polarizer plate 1
may compensate for the retardation value generated from the
inner protective film of the first polarizer plate 1.

In addition, the positive biaxial retardation film can be used
as an inner protective film of at least one polarizer plate.

Preferably, the positive biaxial retardation films 11 and 13
are made from polymer materials or UV curable liquid crystal
films.

The Nz

(NZ _ —nz)]
(n=n,)

representing the biaxiality of the biaxial retardation film in
the present LCD may have various values.

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, preferred embodiments of the present inven-
tion will be described. However, it is noted that the preferred
embodiments described below are used for illustrative pur-
pose and the present invention is not limited thereto.

Embodiment 1

The IPS-LCD shown in FIG. 4a includes an IPS liquid
crystal cell filled with liquid crystal having a cell gap of 2.9
um, a pretilt angle of 3°, dielectric anisotropy of A&=+7, and
a birefringence of An=0.1. An UV curable liquid crystal film
having an in-plane retardation value R,,=180 nm and a thick-
ness retardation value R ;,=144 nm at a wavelength of 550 nm
is used for a positive biaxial retardation film 11. A COP
internal protective film having a retardation value of almost O
is used as an internal protective film of a first polarizer plate 1
and 80 pm TAC having a thickness retardation value of R ;,=—
64 nm at a wavelength of 550 nm is used as an internal
protective film of a second polarizer plate 2. When a white
light is used, the simulation result for the contrast character-
istic of a first IPS-L.CD structure including a viewing angle
compensation film at an inclination angle of about 0° to 80° in
all azimuthal angles is illustrated in FIG. 7 and Table 1.

Referring to FIG. 7, a center of a circle corresponds to an
inclination angle of 0, and the inclination angle increases as a
radius of the circle becomes enlarged. Numerals 20, 40, 60
and 80 marked along the radius of the circle in FIG. 7 repre-
sent the inclination angles.

In addition, numerals 0 to 360 marked along a circumfer-
ence of the circle represent the azimuthal angles. FIG. 7
shows the contrast characteristic in all viewing directions
(inclination angles of 0° to 80° and azimuthal angles of 0° to
360°) when anupper polarizer plate is aligned in a direction of
anazimuthal angle of 0°, and a lower polarizer plate is aligned
in a direction of an azimuthal angle of 90°. An IPS-LCD,
which exclusively uses two polarizer plates, represents a con-
trast ratio equal to or less than 10:1 at an inclination angle of
70°. However, the IPS-LCD of the present invention repre-
sents a contrast ratio above 166:1 at an inclination angle of
70° as shown in FIG. 7 and Table 1.

Embodiment 2

The IPS-LCD shown in FIG. 56 includes an IPS liquid
crystal cell filled with liquid crystal having a cell gap of 2.9
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um, a pretilt angle of 3°, dielectric anisotropy of AE=+7, and
a birefringence of An=0.1. An UV curable liquid crystal film
having an in-plane retardation value R,,,=20 nm and a thick-
ness retardation value R,,=10 nm at a wavelength of 550 nm
is used for a first positive biaxial retardation film 11. In
addition, an UV curable liquid crystal film having an in-plane
retardation value R, =288 nm and a thickness retardation
value R, =144 nm at a wavelength of 550 nm is used for a
second positive biaxial retardation film 13. Internal protective
films of polarizer plates 1 and 2 are made from COP. When a
white light is used, the simulation result for the contrast
characteristic of a second IPS-LCD structure including a
viewing angle compensation film at an inclination angle of
about 0° to 80° in all azimuthal angles is illustrated in FIG. 8.

Embodiment 3

The IPS-LCD shown in FIG. 6a includes an IPS liquid
crystal cell filled with liquid crystal having a cell gap of 2.9
um, a pretilt angle of 3°, dielectric anisotropy of AE=+7, and
a birefringence of An=0.1. An UV curable liquid crystal film
having an in-plane retardation value R,,=87 nm and a thick-
ness retardation value R,,=17.5 nm at a wavelength of 550 nm
is used for a first positive biaxial retardation film 11. In
addition, an UV curable liquid crystal film having an in-plane
retardation value R, =241 nm and a thickness retardation
value R, =120 nm at a wavelength of 550 nm is used for a
second positive biaxial retardation film 13. An internal pro-
tective film of a first polarizer plate 1 is made from 40 um TAC
having a thickness retardation value R,=-32 nm, and the
second positive biaxial retardation film 13 is used as an inter-
nal protective film of a second polarizer plate 2.

When a white light is used, the simulation result for the
contrast characteristic of a third IPS-LCD structure including
a viewing angle compensation film at an inclination angle of
about 0° to 80° in all azimuthal angles is illustrated in FIG. 9.

Embodiment 4

The IPS-LCD shown in FIG. 64 includes an IPS liquid
crystal cell filled with liquid crystal having a cell gap of 2.9
um, a pretilt angle of 3°, dielectric anisotropy of AE=+7, and
a birefringence of An =0.1. An UV curable liquid crystal film
having an in-plane retardation value R,,=35 nm and a thick-
ness retardation value R,,=17.5 nm at a wavelength of 550 nm
is used for a first positive biaxial retardation film 11. In
addition, an UV curable liquid crystal film having an in-plane
retardation value R,,=240 nm and a thickness retardation
value R,;,=120 nm at a wavelength of 550 nm is used for a
second positive biaxial retardation film 13. Internal protective
films of first and second polarizer plates 1 and 2 are made
from COP.

When a white light is used, the simulation result for the
contrast characteristic of a third IPS-LCD structure including
a viewing angle compensation film at an inclination angle of
about 0°to 80° in all azimuthal angles is illustrated in FIG. 10.

INDUSTRIAL APPLICABILITY

As can be seen from the foregoing, the in-plane switching
liquid crystal display according to the present invention uses
the positive biaxial retardation film while adjusting the opti-
cal axis direction and the retardation value of the positive
biaxial retardation film, so the in-plane switching liquid crys-
tal display can improve the contrast characteristic at a prede-
termined angular position as well as at a front position



US 7,446,838 B2

13

thereof, so that a color shift according to the viewing angle in
the black state can be minimized.

While this invention has been described in connection with
what is presently considered to be the most practical and
preferred embodiment, it is to be understood that the inven-
tion is not limited to the disclosed embodiment and the draw-
ings, but, on the contrary, it is intended to cover various
modifications and variations within the spirit and scope of the
appended claims.

The invention claimed is:

1. An in-plane switching liquid crystal display comprising:

a first polarizer plate;

a second polarizer plate; and

aliquid crystal cell, which is horizontally aligned and filled

with liquid crystal of positive dielectric anisotropy
(AE>0) or negative dielectric anisotropy (AE<0), an
optical axis of the liquid crystal filled in the liquid crystal
cell being aligned in-plane in parallel to the first and
second polarizer plates,

wherein an absorption axis of the first polarizer plate is

perpendicular to an absorption axis of the second polar-
izer plate, the optical axis of the liquid crystal filled in
the liquid crystal cell is parallel to the absorption axis of
the first polarizer plate, a positive biaxial retardation film
defined by a following Equation is aligned between the
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liquid crystal cell and the second polarizer plate, a slow
axis of the positive biaxial retardation film is perpen-
dicular to the absorption axis of the second polarizer
plate, and an in-plane retardation value of the positive
biaxial retardation film is equal to or less than 190 nm at
a wavelength of 550 nm:

Equation

n#n <n,, whereinn, and n, are in-plane refractive indexes,
n, is a thickness refractive index, and the positive biaxial
retardation film has a positive in-plane retardation value
(R,,=dx(n,-n,)) and a positive thickness retardation
value (R,,=dx(n,-n,)) in which d is a thickness of'a film.

2. The in-plane switching liquid crystal display according
to claim 1, wherein a retardation value of the liquid crystal
cell is in a range of 200 nm to 400 nm at a wavelength of 550
nm.
3. The in-plane switching liquid crystal display according
to claim 1, wherein the positive biaxial retardation film is used
as a protective film for at least one polarizer plate.

4. The in-plane switching liquid crystal display according
to claim 1, wherein an internal protective film of the first
polarizer plate has a thickness retardation value of 0 or a
negative thickness retardation value.
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