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(57) Abstract: The present invention relates to a vertically aligned LCD
(VA-LCD) employing a bi-axial retardation compensation film, in which
an in-plain refractive index (n, ny) and a thickness refractive index (n,)
of the film is n>ny>n,, and the bi-axial retardation compensation film
has a reversed wavelength dispersion in which retardation is increased
in proportion to the increase of a wavelength in the range of visible rays,
and has a normal wavelength dispersion in which an absolute value of
the thickness retardation is decreased in proportion to the increase of a
wavelength in the range of visible rays, and the total of a thickness retar-
dation including the vertically aligned panel and the bi-axial retardation
compensation film being applied in the vertically aligned L.CD is in the
range of 30~150nm in proportion of a wavelength in the range of visible
rays, and the VA-LCD cell having a retardation compensation character-
istic is comprised by arranging a bi-axial retardation compensation film
between the vertically aligned panel and a upper and lower polarizing

plate. The VA-LCD in accordance with the present invention improves contrast characteristics on a front surface and at a tilt angle
and minimizes coloring in a black state according to the tilt angle.
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BI-AXIAL RETARDATION CCOMPENSATION FILM AND VERTICALLY ALIGNED

LIQUID CRYSTAL DISPLAY USING THE SAME

TECHNICAL FIELD
The present invention relates to a bi-axial
retardation compensation film and vertically aligned liquid
crystal display (hereinafter, referred to as a “WA-LCD”)
using the same, capable of improving viewing angle

characteristics.

BACKGROUND ART

As well known to those skilled in the art, a -C-plate
compensation film and an A-plate compensation film have been
used to compensate for a black state of a VA-LCD under the
condition that small drive voltage is applied. U.S. Patent
Serial No. 4,889,412 discloses a conventional VA-LCD using
the -C-plate compensation film.

However, the conventional VA-LCD using the -C-plate
compensation film does not completely compensate for a black
state, thus having a disadvantage such as a leakage of light
at a viewing angle.

Further, U.S. Patent Serial No. 6,141,075 discloses =z
conventional VA-LCD comprising both the -C-plate
compensation film and the A-plate compensation film.

The above VA-LCD comprising both the -C-plate
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compensation film and the A-plate compensation film more
completely achieves compensation of a black state under the
condition that small drive voltage is applied.

However, the above-described conventional VA-LCDs
require improvements of contrast and coloring at a front
surface and a tilt angle in order to completely compensate

for the black state.

DISCLOSURE OF THE INVENTION

Therefore, the present invention has been made in view
of the above problems, and it is an object of the present
invention to provide a bi-axial retardation compensation
film and an achromatic VA-LCD using the same, in which
contrast at 'a front surface and a tilt angle of the VA-ILCD
filled with ligquid crystal having a positive or negative
dielectric anisotrcpy is improved, and coloring at the tilt
angle in a black state is minimized, thus improving of
viewing angle characteristics.

In order to accomplish the above object, the present
invention provides a bi-axial retardation compensation film
satisfying nx: > ny > ng, Ri=(n,-n,) Xd > 0 and Rin =(n.—ny) Xd <
0, wherein.rk and ny, are in-plain refractive indexes, n, is a
thickness refractive index, Rin is a in-plain retardation, Rex
is a thickness retardation and d is a thickness.

The Dbi-axial retardation compensation f£film has a
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wavelength dispersion (Rin,100/Rin,s50) in the range of 0.4—~0.9
at wavelengths of 400nm and 550nm, and a wavelength
dispersion  (Rin,700/Rin,ss0) in the range of 1.1~ 1.8 at
wavelengths of 700nm and 550nm.

An in-plain retardation (Rin) of the bi-axial
retardation compensation film is in the range of 30~150nm at
a wavelength of 550nm.

The bi-axial retardation compensation £ilm has a
wavelength dispersion (Ren,400/Rin,s50) in the range of 1.05—~1.4
at wavelengths of 400nm and 550nm, and a wavelength
dispersion  (Rtn,700/Rtn,550) 1n the range of 0.5~ 0.95 at
wavelengths of 700nm and 550nm.

A thickness retardation {(Ren) of the bi-axial
retardation compensation film is in the range of -50~—-500nm
at 550nm.

The bi-axial retardation compensation film can be
manufactured by elongating a polymer prepared with co-
polymerization of a first monomer and a second monomer,
wherein the first monomer has a characteristic positive of a
double refraction and the second = monomer has a
characteristic negative of a double refraction.

The bi-axial retardation compensation film can be
manufactured by elongating a polymer prepared by mixing a
first monomer and a second monomer, wherein the first

monomer has a characteristic positive of a double refraction
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and the second monomer has a characteristic negative of a
double refraction.

The bi-axial retardation compensation film can be
prepared by laminating more than two sheets having different
dependability of a in-plane retardation (Rj,) and a thickness
retardation (Ruw) .

Also, -in a wvertically aligned LCD (VA-LCD) using a
multi-domain mode or a chiral additive, provided with a bi-
axial retardation compensation film, in which a vertically
aligned panel is formed by injecting liquid crystal having a
negative dielectric anisotropy (Ae<0) or a positive dielectric
anisotropy (Ae>0) into a gap between upper and lower glass
substrates, and upper and lower polarizing plates are arranged
above the upper and lower surfaces of the VA-panel so that
optical absorption axes of the polarizing plates are
perpendiculaf to each other with the VA-panel as the central
figure, and a cell gap in the range of 3um to 8um is
maintained, a liquid crystal cell is prepared by arranging a
bi-axial retardation compensation film between the wvertically
aligned panel and a upper and lower polarizing plate in which
a in-plain refraction index (n., n,) and a thickness
refraction index (n,) of the bi-axial retardation compensation
film is ny>ng>ng.

And an optical axis of the bi-axial retardation

compensation film is arranged to be perpendicular to an
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absorption axis of an adjacent polarizing plate, and the bi-
axial retardation compensétion film has a reversed wavelength
dispersion in whici'l a in-plain retardation is increased in
proportion to the increase of a wavelength in the range of
visible rays, and has a normal wavelength dispersion in which
an absolute value of the thickness retardation is decreased in
proportion to the increase of a wavelength in the range of
visible rays.

In Example 1 of a vertically aligned LCD in accordance
with the present invention, a liquid crystal cell is
prepared by arranging the bi-axial retardation compensation
film at one place of between the vertically aligned panel
and upper polarizing plate, or between the vertically
aligned panel and lower polarizing plate.

In Example 2 of a vertically aligned LCD in accordance
with the present invention, a liquid crystal cell is
prepared by arranging one of the individual bi-axial
retardation compensation films Dbetween the vertically
aligned panel and upper polarizing plate, or between the
vertically aligned panel and lower polarizing plate.

In particular, the total of a thickness retardation
including the vertically aligned panel and the bi-axial
retardation compensation film being applied in the
vertically aligned ILCD is in the range of 30~150nm in

proportion of a wavelength in the range of visible rays.
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Also, in each of the above examples according to the
present invention, directors of liquid crystalline polymers of
the VA-panel, under the condition that no voltage is applied
to the VA-panel, may have a pretilt angle in the range of 75°
to 90° between the upper and lower glass substrates. The
pretilt angle is preferably in the range of 87° to 90°, more
preferably in the range of 89° to 90°.

Also, in each of the abovevexamples according to the
present invention, a liquid crystalline layer formed on the
VA-panel may have a retardation in the range of 80nm to 400nm,
preferably 80mm to 300mm, at a wavelength of 550nm.

A rubbed director of the liquid crystals of the VA-
panel, under the condition that voltage is applied to the VA-
panel, has an angle of 45° with the optical absorption axes of

the polarizing plates.

BRIEF DESCRIPTION OF THE DRAWINGS

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:

Fig. 1 1is a perspective view of a VA-LCD cell
comprising a Dbi-axial retardation compensation film in
accordance with Example 1 according to the present

invention:;
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Fig. 2 1s a perspective view of a VA-LCD cell
comprising a bi-axial retardation compensation film in
accordance with Example 2 according to the present
invention;

Fig. 3 is a reference view of a refraction index of a
bi-axial retardation compensation film according to the
present invention;

Fig. 4 1is a graph showing a dependability of a
wavelength dispersion of thickness retardation and a
wavelength dispersion of a in-plain retardation of a bi-
axial retardation compensation film applied in the present
invention.

Fig. 5 is graphs showing the results of simulation for
(a) a transmittance according to a visual angle in a black
state of fhe VA-LCD applying a bi-axial retardation
compensation' film according to the present invention, and
(b) a transmittance according to a visual angle in a black
state of the VA-LCD applying a conventional bi-axial
retardation compensation film.

Fig. 6 is diagrams showing the results of simulation
for (a) a color variation in a black state of the VA-LCD
applying a bi-axial retardation compensation film according
to the present invention, and (b) a color variation in a
black state of the VA-LCD applying a conventional

retardation compensation film.
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Fig. 7 is graphs showing the results of simulation for
(2) a transmittance in a Dblack state according to a
wavelength of the VA-LCD applying a bi-axial retardation
compensation film according to the present invention, and
(b) a transmittance in a black state according to a
wavelength of the VA-LCD applying a conventional bi-axial
retardation compensation film.

Fig. 8 is a diagram showing the result of simulation
of a contrast ratio for a structure of the VA-I1CD of Example
1 at a tilt angle in the range of all azimuth angles, when
applying a white ray.

Fig. 9 is a diagram showing the result of simulation
of a contrast ratio for a structure of the VA-LCD, which is
a modified example of Example 1, at a tilt angle in the
range of 0°~80°at all azimuth angles, when applying a white
ray.

Fig. 10 is a graph showing the result of simulation
for a color variation in a black state of a structure of the
VA-LCD, which is modified example of Example 1, at a tilt
angle in the range of 0°~ 80°, which is wvaried by an
interval of 2°, at azimuth angle of 45°, when applying a
white ray.

Fig. 11 is a diagram showing the result of simulation
for a contrast ratio of a structure of the VA-LCD of Example

2 at a tilt angle in the range of 0°—~ 80°at all azimuth
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angles, when applying a white ray.

Fig. 12 1s a graph showing the result of simulation
for a color variation in a black state of a structure of the
VA-LCD of Example 2, at a tilt angle in the range of 0°—~
80°, which is varied by an interval of 2°, at azimuth angle

of 45°, when applying a white ray.

BEST MODE FOR CARRYING OUT THE INVENTION

Now, preferred embodiments of the present invention
will be described in detail with reference to the annexed
drawings.

Figs. 1la, 1b and 2 illustrate respective examples of
the VA-LCD in accordance with the present invention, wherein a
VA-LCD cell is prepared by arranging bi-axial retardation
compensation films 14, 14a, 1l4b between two polarizing plates
11, 12 so that absorption axes are perpendicular to each other
with the VA-panel 13 as the central figure. Here, the
polarizing piates 11, 12 can be comprised of a TAC (triacetate
cellulose) protection £film having a characterigtic thickness
retardation or other protection film not having a thickness
retardation.

Figs. la and 1b are a structure of a VA-LCD cell
according to Example 1 which is prepared by arranging one of a
bi-axial retardation compensation film 14 between two of upper

and lower polarizing plates 11, 12 which are perpendicular to
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a vertically aligned panel 13 so that a cell gap of 3~8um is
maintained.

Fig. la illustrates an essential form of Example 1, in
which a bi-axial retardation compensation film 14 is arranged
between a vertically aligned panel 13 and a lower polarizing
pl;ite 11, wherein an optical axis 14c of the bi-axial
retardation compensation film 14 is placed to be perpendicular
to the an absorption axis 1lc of the lower polarizing plate
11.

Fig. 1b illustrates other modified example of Example
1, in which a bi-axial retardation compensation film 14 is
arranged between a vertically aligned panel 13 and a upper
polarizing plate 12, wherein an optical axis 14c of the bi-
axial retardation compensation film 14 is placed to be
perpendicular to the an absorption axis 12c¢ of the upper
polarizing plate 12.

Fig. 2 is a structure of a VA-LCD cell according to
Example 2 which is prepared by arranging two of bi-axial
retardation compensation films 14a, 14b between two of upper
and lower polarizing plates 11, 12 which are perpendicular to
a vertically aligned panel 13 so that a cell gap of 3~8mm is
maintained.

Fig. 2 illustrates a VA-LCD cell of Example 2 in which
one of the bi-axial retardation compensation film 14a is

placed between a wvertically aligned panel 13 and a lower
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polarizing plate 11, and another bi-axial retardation
compensation film 14b is placed between a vertically aligned
panel 13 and a upper polarizing plate 12, wherein an optical
axis 14c of the bi-axial retardation compensation film 1l4a,
placed between the vertically alicned panel 13 and the lower
polarizing plate 11, is arranged to be perpendicular to an
absorption axis 1llc of the lower polarizing plate 11, and an
optical axis 14c of the bi-axial retardation compensation film
14b, placed between the vertically aligned panel 13 and the
upper polarizing plate 12, is arranged to be perpendicular to
an absorption axis 12c of the upper polarizing plate 12.

Fig. 3 wshows a refraction index of a bi-axial
retardation compensation film in accordance with the present
invention.

As shown in Fig. 3, a bi-axial retardation compensation
film 14 according to the present invention has a refraction
index of nx > ny, > n;, wherein n, and ny, are in-plain
refractive indexes, n, is a thickness refractive index.

The bi-axial retardation compensation film has the
following important characteristics.

A in-plane retardation value (Rip=dXny-n,, wherein d is
a thickness of film) of the bi-axial retardation compensation
film has a reversed wavelength dispersion in which retardation
is increased in proportion to the increase of a wavelength in

the range of visible rays.
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A thickness retardation value (Rep=dX (nz-ny) , wherein d
is a thickness of film) of the bi-axial retardation
compensation film is negative wvalue, and has a reversed
wavelength dispersion in which retardation is increased in
proportion to the increase of a wavelength in the range of
visible rays.

Fig. 4 is a reference view showing a dependability of a
retardation wvalue according to a wavelength of a bi-axial
retardation compensation £ilm in accordance with the present
invention, which shows a wavelength dispersion (Ren, 2 /Ren, 550) of
a thickness retardation of the Dbi-axial retardation
compensation film, and a wavelength dispersion (Rin, 7 /Rin, ss0) OF
a in-plain retardation.

As shown in Fig. 4, in a bi-axial retardation
compensation film according the present invention, an
appropriate wavelength dispersion of a in-plain retardation
value should have a relative retardation ratio (Rin, 200/ Rin, 550)
in the range of 0.4~0.9 at wavelengths of 400nm and 550nm,
and a relative retardation ratio (Rin,700/Rin,s50) 1n the range of
1.1~1.8 at wavelengths of 700nm and 550nm, wherein Rin,a00 18 a
in-plain retardation at a wavelength of 400nm, and Rin,ss0 18 a
in-plain retardation at a wavelength of 550nm, and Rin,700 i a
in-plain retardation at a wavelength of 700nm.

An appropriate range of in-plain retardation of the bi-

axial retardation compensation film according to the present
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invention is in the range of 30~150nm at a wavelength of
550nm.

Also, an appropriate wavelength dispersion of a
thickness retardation of a bi-axial retardation compensation
film according to the present invention should have a relative
retardation ratio (Rgn,400/Ren,ss50) in the range of 1.05~1.4 at
wavelengths of 400nm and 550nm, and a relative retardation
ratio (Ren,700/Ren,ss0) in the range of 0.5~0.95 at wavelengths of
700nm and 550nm.

An appropriate range of the thickness retardation value
(Rep=d X (nz-ny) is in the range of -50~-550nm at a wavelength
of 550nm.

Accordingly, in case of preparing a vertically aligned
LCD shown in Figs. 1la, 1b and 2, by using a bi-axial
retardation compensation film according to the present
invention, a complete compensation in a dark state of the VA-
LCD at a tilt angle is possible, and a color variation of a
dark state, a bright state and a RGB color can be minimized.

Fig. 5 is the results of comparing (a) a transmittance
according to a visual angle in a black state of the VA-LCD
applying a bi-axial retardation compensation film according
to the present invention with (b) a transmittance according
to a visual angle in a black state of the VA-LCD applying a
conventional bi-axial retardation compensation film. It can

be known that the bi-axial retardation compensation film
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according to the present invention has an excellent
compensation in a black state more than a conventional bi-
axial retardation compensation film.

For reference, the conventional bi-axial retardation
compensation film is a polycarbonate retardation film, and a
wavelength dispersion (Rth, 400/ Ren, s50) = (Rin, 200/ Rin,550) thereof is
1.15.

Fig. 6 is the results of comparing (a) a color
variation in a black state of the VA-ILCD applying a bi-axial
retardation compensation film according to the present
invention with (b) a color variation in a black state of the
VA-LCD applying a conventional retardation compensation
film. It can be known that a color variation in a black
state of a bi-axial retardation compensation film of the
present invention is much smaller than that of a
conventional bi-axial retardation compensation film.

The reason for showing a low transmittance in a black
state and a small color wvariation in a black state when
employing a bi-axial retardation compensation film of the
present invention is that a transmittance variation in
accordance with a wavelength is flat.

A bi-axial retardation compensation film in accordance
with the present invention can be prepared by laminating 2~3
of a conventional Ffilm having a different dependability of

retardation to a wavelength.
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Also, the bi-axial retardation compensation film‘can
be manufactured by elongating a polymer prepared with co-
polymerization of a first monomer and a second monomer, or
by elongating a polymer prepared by mixing a first monomer
and a second monomer, wherein the first monomer has a
characteristic positive of a double zrefraction and the
second monomer has a characteristic negative of a double

refraction.

Example 1

A VA-LCD was prepared by arranging one of a bi-axial
retardation compensation film 14 between a vertically aligned
panel 13 and upper and lower polarizing plates 11, 12 which
are perpendicular to each other so that a cell gap of 3~8 /m
is maintained.

Fig. la illustrates an essential form of Example 1, in
which a bi-axial retardation compensation film 14 is arranged
between a vertically aligned panel 13 and a lower polarizing
plate 11, wherein an optical axis 14c of the bi-axial
retardation compensation film 14 is placed to be perpendicular
to the an asbsorption axis 1lc of the lower polarizing plate
11.

Fig. 1b illustrates other modified example of Example
1, in which a bi-axial retardation compensation film 14 1is

arranged between a vertically aligned panel 13 and a upper
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polarizing plate 12, wherein an optical axis 14c of the bi-
axial retardation compensation film 14 is placed to be
perpendicular to the an absorption axis 12¢ of the upper

polarizing plate 12.

Example 2

A VA-LCD as shown in Fig. 2 was prepared by arranging
two of bi-axial retardation compensation films 14a, 14b
between two of upﬁer and lower polarizing plates 11, 12 which
are perpendicular to a vertically aligned panel 13 so that a
cell gap of 3~8um is maintained.

Namely, two of bi-axial retardation compensation film
was employed in this Example 2, in which one of the bi-axial
retardation compensation film 14a is placed between a
vertically aligned panel 13 and a lower polarizing plate 11,
and another bi-axial retardation compensation film 14b is
placed betweén a vertically aligned panel 13 and a upper
polarizing plate 12, wherein an optical axis 1l4c of the bi-
axial retardation compensation film 14a, placed between the
vertically aligned panel 13 and the lower polarizing plate 11,
is arranged to be perpendicular to an absorption axis 1lc of
the lower polarizing plate 11, and an optical axis l4c of the
bi-axial retardation compensation f£ilm 14b, placed between the
vertically aligned panel 13 and the upper polarizing plate 12,

is arranged to be perpendicular to an absorption axis 12c¢ of
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the upper polarizing plate 12.

Hereinafter, experimental examples for testing contrast
characteristics of samples selected from the above examples of
a VA-LCD employing a bi-axial retardation compensation film of
the present invention will be described. Improvements of the
contrast characteristics in the respective examples will be
more easily understood by the below experimental examples.
The below experimental examples will be disclosed for
illustrative purposes, but do not 1limit the subject matter

of the present invention.

Experimental Example 1

A VA-LCD of Fig. 1(a) applying one of a bi-axial
retardation compensation film prepared by Example 1 was used
as a sample in this Experimental Example.

The VA-LCD included a VA-panel having a cell gap of 3um,
wherein a pretilt angle was 89° ‘, a dielectric anisotropy (Ag)
was -4.9, a refractive anisotropy (An) was 0.0979, and a
wavelength dispersion (Anse/Anss) was 1.096. Accordingly, a
thickness retardation (Rva,sso) of the VA-panel at a wavelength
of 550mm was 297nm.

The bi-axial retardation compensation film was prepared
with polycarbonate series, wherein a thickness retardation

value (Rn(550nm)) was -270nm, a in-plain retardation value
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(Rin(550nm) ) was 67nm, a wavelength dispersion of a thickness
retardation (R, (450nm)/Ren(550nm)) was 1.15, and a wavelength
dispersion of a in-plain retardation (R, (450nm)/ Rin (550nm) )
was 0.652.

Fig. 8 shows the result of simulation of a contrast
ratio of the VA-LCD compensated by employing the above bi-
axial retardation compensation film, and Fig. 6 shows a
color variation in a black state of the VA-ICD compensated
by employing the above bi-axial retardation compensation

film.

Modified Example of Experimental Example 1

A VA-LCD of Fig. 1(b) applying one of a bi-axial
retardation compensation film prepared by Example 1 wasg used
as a sample in this Experiméntal Example.

The VA-LCD included a VA-panel having a cell gap of 3um,
wherein a pretilt angle was 89° ', a dielectric anisotropy (Ae)
was -4.9, a refractive anisotropy (An) was 0.0979, and a
wavelength dispersion (Angge/Anssy,) was 1.096. Accordingly, a
thickness retardation (Ryasso) of the VA-panel at a wavelength
of 550mm was 297nm.

The bi-axial retardation compensation film was prepared
with triacetate cellulose (TAC) series, wherein a thickness
retardation +value (Ren (550nm) ) was ~241nm, a in-plain

retardation +value (Rin (550nm) ) was  44nm, a wavelength
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dispersion of a thickness retardation (Ren(450nm)/Ren(550nm))
was 1.12, and a wavelength dispersion of a in-plain
retardation (Rin(450nm)/ Ri,(550nm)) was 0.61.

Fig. 9 shows the result of simulation of a contrast
ratio for a structure of the VA-LCD, and also Fig. 10 shows
the result of simulation for a color variation in a black
state of a structure of the VA-LCD.

Table 1 comparatively shows contrasts of the sample
(hereinafter, referred to as a ‘first sample’) employed by
the Modified Example of Experimental Example 1 and a sample
(hereinafter, referred to as a ‘second sample’) serving as a
comparative example. Here, 1in the first sample, the
retardation -(RWQ of the VA-panel at 550nm, the thickness
retardation (Reg,) of the bi-axial retardation film, the total
retardation (Reoray) of the two retardation (Rya,Ren), and the
in-plain retardation (R;j,) of the bi-axial retardation film
were 297, -240, +46 and 90, respectively. On the other hand,
in the second sample, the retardation (Rva) of the VA-panel at
550nm, the thickness retardation (Ry) of the bi-axial
retardation film, the total retardation (Rpomr) ©f the two
retardation (Rva,Rm), and the in-plain retardation (Ri,) of the
bi-axial retardation £film were 297, -100, +197 and O,
respectively. And the minimum contrasts of the first and
second samples at a tilt angle of 70° were 160 and 5,

respectively.
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Table 1
Minimum contrast
Rua Ren Rrora Rin {at a tilt angle of 70°)

First sample
(Experimental 297 -240 +46 395 160

Example)
Second sample .
(Comparative 297 -100 +197 460 5

Example)

In Table 1, the minimum contrasts of the first and
gsecond samples at a tilt angle of 70° were 160 and 5. Since
the tilt angle of 70° has the minimum contrast, other tilt
angles rather than the tilt angle of 70° have contrasts higher
than the minimum contrast. Accordingly, the contrasts at
other tilt angles rather than the tilt angle of 70° are higher

than the minimum contrast.

Experimental Example 2

A VA-LCD of Fig. 2 applying two of a bi-axial
retardation compensation film prepared by Example 2 was used
as a sample in this Experimental Example.

The VA-LCD included a VA-panel having a cell gap of 3um,
wherein a pretilt angle was 89° , a dielectric anisotropy (Ag)
was -4.9, a refractive anisotropy (An) was 0.0979, and a
wavelength dispersion (Angee/Anssg) was 1.096. BAccordingly, a
thickness retardation (Rva,sse) of the VA-panel at a wavelength

of 550mm was 297nm.
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The two of bi-axial retardation compensation films were
prepared with polycarbonate series, wherein a thickness
retardation wvalue {Rep (550nm) ) was -119nm, a in-plain
retardation wvalue (Rin (550nm) ) was 44nm, a wavelength
dispersion of a thickness retardation (Ren(450nm) /R (550nm))
was 1.24, and a wavelength dispersion of a in-plain
retardation (Rin(450nm)/ Ri,{(550nm)) was 0.585.

Fig. 11 shows the result of simulation of a contrast
ratio for a structure of the VA-LCD, and also Fig. 12 shows
the result of simulation for a color variation in a black

state of a structure of the VA-ICD.

INDUSTRIAL APPLICABILITY

As apparent from the above description, the present
invention ﬁrovides a VA-LCD comprising a bi-axial
retardation compensation film, which compensates for a dark
state at a tilt angle of the VA-LCD and minimizes coloring
in dark, white and RGB states, thus improving viewing angle
characteristics.

Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes,
those skilled 1in the art will appreciate that various
modifications, additions and substitutions are possible,
without departing from the scope and spirit of the invention

as disclosed in the accompanying claims.
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WHAT IS CLAIMED IS:
1. A bi-axial retardation compensation film having ny >

Ny > Nz, Rin=(nx—ny) X d > 0 and Ry =(n,-ny) X d < 0, wherein ny

and ny, are in-plain refractive indexes, n; is a thickness

refractive index, Riyn 1s a in-plain retardation, Ry, 1is a

thickness retardation and d is a thickness.

2. The Dbi-axial retardation compensation film
according to «c¢laim 1, wherein a wavelength dispersion
(Rin,400/Rin,550) 1s in the range of 0.4~0.9 at wavelengths of
400nm and 550nm, and a wavelength dispersion (Rin,700/Rin,s50) 15
in the range of 1.1~1.8 at wavelengths of 700nm and 550nm,
wherein Riyp, a0, Rin,550 and Riyn,700 are in-plain retardations at

wavelengths of 400nm, 550nm and 700nm.

3. The bi-axial retardation compensation film
according to claim 1, wherein a in-plain retardation (Rj,) 1is

in the range of 30~150nm at a wavelength of 550nm.

4. The bi-axial retardation compensation film
according to «claim 1, wherein a wavelength dispersion
(Rtn, 200/ Ren,550) 1s in the range of 1.05~1.4 at wavelengths of
400nm and 550nm, and a wavelength dispersion (Ren,700/Ren, 550) 1is
in the range of 0.5~0.95 at wavelengths of 700nm and 550nm,

wherein Rin, 400, Ren,s50 and Rin, 700 are thickness retardations at
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wavelengths of 400nm, 550nm and 700nm.

5. The bi-axial retardation compensation film
according to claim 1, wherein a thickness retardation {(Ren)

is in the range of -50~-500nm at 550nm.

6. The bi-axial retardation compensation film
according to claim 1, wherein said bi-axial retardation
compensation film is manufactured by elongating a polymer
prepared with co-polymerization of a first monomer and a
second monomer, whereiln the first monomer has a
characteristic positive of a double refraction and the
second monomer has a characteristic negative of a double

refraction.

7. The bi-axial retardation compensation film
according to claim 1, wherein said bi-axial retardation
compensation film is manufactured by elongating a polymer
prepared by mixing a first monomer and a second monomer,
wherein the first monomer has a characteristic positive of a
double refraction and the second monomer has a

characteristic negative of a double refraction.

8. The Dbi-axial retardation compensation film

according to claim 1, wherein said bi-axial retardation
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compensation film is prepared by laminating more than two
sheets having different dependability of a in-plane

retardation (Rip) and a thickness retardation (Ru).

9. In a vertically aligned ILCD (VA-LCD) using a multi-
domain mode or a chiral additive, provided with a bi-axial
retardation compensation film, in which a vertically aligned
panel is formed by injecting liquid crystal having a negative
dielectric anisotropy (Ae<0) or a positive dielectric
anisotropy (Ae>0) into a gap between upper and lower glass
substrates, and upper and lower polarizing plates are arranged
above the upper and lower surfaces of the VA-panel so that
optical absorption axes of the polarizing plates are
perpendicular to each other with the VA-panel as the central
figure, and a cell gap in the range of 23 to 8um is
maintained,

a liquid crystal cell is prepared by arranging a bi-
axial retardation compensation £ilm between the wvertically
aligned panel and a upper and lower polarizing plate in which
a in-plain refraction index (n, ) and a thickness
refraction index (n;) of the bi-axial retardation compensation
film is nyg>ne>n.; and

an optical axis of the bi-axial retardation
compensation £ilm is arranged to be perpendicular to an

absorption axis of an adjacent polarizing plate, and the bi-
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axial retardation compensation film has a reversed wavelength
dispersion in which a in-plain retardation is increased in
proportion to the increase of a wavelength in the range of
visible rays, and has a normal wavelength dispersion in which
an absolute value of the thickness retardation is decreased in
proportion to the increase of a wavelength in the range of

vigible rays.

10. The vertically aligned LCD according to claim 2,
wherein a 1liquid crystal cell is prepared by arranging the
bi-axial retardation compensation film at one place of
between the wvertically aligned panel and upper polarizing
plate, or between the vertically aligned panel and lower

polarizing plate.

11. The vertically aligned LCD according to claim 9,
wherein a ligquid crystal cell is prepared by arranging one
of the individual Dbi-axial retardation compensation films
between the '§ertically aligned panel and upper polarizing
plate, and between the vertically aligned panel and lower

polarizing plate.

12. The vertically aligned LCD according to claim 9,
wherein the total of a thickness retardation including the

vertically aligned panel and the bi-axial retardation
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compensation film being applied in the vertically aligned
LCD is in the range of 30~150nm in proportion of a

wavelength in the range of visible rays.

13. The vertically aligned LCD according to claim 12,
wherein directors of liquid crystalline polymers of the VA-
panel, under the condition that no voltage is applied to the
VA-panel, may have a pretilt angle in the range of 75° to 90°

between the upper and lower glass substrates.

14. The vertically aligned LCD according to claim 13,

wherein the pretilt angle is in the range of 87° to 90°.

15. The vertically aligned LCD according to claim 13,

wherein the pretilt angle is in the range of 89° to 90°.

16. The vertically aligned LCD according to claim 12,
wherein a liquid crystalline layer of the VA-panel has a
retardation in the range of 80mm to 400mm at a wavelength of

550m.

17. The vertically aligned LCD according to claim 16,
wherein a liquid crystalline layer of the VA-panel has a
retardation in the range of 80mm to 300mm at a wavelength of

550mm.
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18. The vertically aligned LCD according to claim 12,
wherein a rubbed director of the liquid crystals of the VA-
panel, under the condition that voltage is applied to the VA-
panel, has an angle of 45° with the optical absorption axes of

the polarizing plate.
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