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(57) ABSTRACT

Disclosed is a liquid crystal display. The liquid crystal
display comprises a first polarizer, a liquid crystal layer and
a second polarizer. The liquid crystal layer is disposed
between the first polarizer and the second polarizer. The
present invention solves the problem that the dark-state light
leakage is serious in the area near the horizontal viewing
angle in the conventional liquid crystal display with a
single-layer biaxial compensation architecture by adjusting
compensation values of a biaxial layer of the first polarizer
and a compensation value of a TAC layer of the second
polarizer.
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1
LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a liquid crystal
display field, and more particularly to a liquid crystal display
with a single-layer biaxial compensation architecture.

2. Description of Prior Art

With an increased viewing angle of a thin film transistor
liquid crystal display (TFT-LCD), a contrast ratio of an
image is decreased and clarity of the image is decreased as
well. This is because a birefringence of liquid crystal mol-
ecules in a liquid crystal layer is changed with the changed
viewing angle. A wide viewing angle compensation film can
be used for reducing dark-state light leakage of the image,
thereby increasing the contrast ratio of the image in a
specific viewing angle significantly. In general, a compen-
sation principle of the compensation film is to correct phase
differences of the liquid crystal molecules at different view-
ing angles, such that the birefringence characteristic is
compensated symmetrically.

For different liquid crystal display modes, different com-
pensation films are utilized. A compensation film for a
large-sized liquid crystal display is mostly utilized for a
vertical alignment (VA) display mode. Please refer to FIG.
1. FIG. 1 shows a liquid crystal display with a single-layer
biaxial compensation architecture in the prior arts. The
liquid crystal display comprises a first triacetyl cellulose
(hereinafter referred to as “TAC”) layer 100, a first poly
vinyl alcohol (hereinafter referred to as “PVA”) layer 102, a
first biaxial layer 104, a first pressure sensitive adhesive
(hereinafter referred to as “PSA”) layer 106, a liquid crystal
layer 120, a second PSA layer 140, a second TAC layer 142,
a second PVA layer 144 and a third TAC layer 146. The
liquid crystal display utilizes one biaxial layer (i.e. the first
biaxial layer 104) for compensation and thus is called as a
single-layer biaxial compensation architecture.

It can be known in accordance with tests that when the
single-layer biaxial compensation architecture is utilized, a
viewing angle at which the dark-state light leakage is serious
is near a horizontal viewing angle. That is, the light leakage
is concentrated between 20 degrees and 40 degrees, 140
degrees and 160 degrees, 200 degrees and 220 degrees, and
310 degrees and 330 degrees. An area near the horizontal
viewing angle is easily seen by an observer, and thus the
contrast ratio in the area near the horizontal viewing angle
affects viewing effect most. An area near a vertical viewing
angle is not easily seen by the observer, and thus the viewing
effect is affected less. With the enlarged size of the liquid
crystal display, the above-mentioned phenomena are more
obvious. Accordingly, it is necessary to limit the area having
the dark-state light leakage to the area near the vertical
viewing angle instead of the area near the horizontal viewing
angle in the prior arts.

Please refer to FIG. 2. FIG. 2 shows a liquid crystal
display with a two-layer biaxial compensation architecture
in the prior arts. The liquid crystal display comprises a TAC
layer 200, a first PVA layer 202, a first biaxial layer 204, a
first PSA layer 206, a liquid crystal layer 220, a second PSA
layer 240, a second PSA layer 240, a second biaxial layer
242, asecond PVA layer 244 and a third TAC layer 246. The
liquid crystal display utilizes two biaxial layers (i.e. the first
biaxial layer 204 and the second biaxial layer 242) for
compensation and thus is called as a two-layer biaxial
compensation architecture. When the two-layer biaxial com-
pensation architecture as shown in FIG. 2 is utilized, the
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2

dark-state light leakage is at a viewing angle between the
horizontal viewing angle and the vertical viewing angle.
Although the dark-state light leakage is better than that in the
single-layer biaxial compensation architecture in FIG. 1, the
cost of the two-layer biaxial compensation architecture in
FIG. 2 is expensive and the improved effect is limited.

Consequently, when the single-layer biaxial compensa-
tion architecture in FIG. 1 is utilized under cost consider-
ation, there is a need to solve the problem that the dark-state
light leakage is serious in the area near the horizontal
viewing angle in the conventional single-layer biaxial com-
pensation architecture.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide a liquid
crystal display which is capable of solving the problem that
the dark-state light leakage is serious in the area near the
horizontal viewing angle in the conventional single-layer
biaxial compensation architecture.

To solve the above-mentioned problem, a liquid crystal
display provided by the present invention comprises a first
polarizer, a liquid crystal layer and a second polarizer. The
liquid crystal layer is disposed between the first polarizer
and the second polarizer. The first polarizer comprises a first
triacetyl cellulose layer, a first poly vinyl alcohol layer, a
first biaxial layer and a first substrate. The first poly vinyl
alcohol layer is disposed on the first triacetyl cellulose layer.
The first biaxial layer is disposed on the first poly vinyl
alcohol layer. The first triacetyl cellulose layer, the first poly
vinyl alcohol layer and the first biaxial layer are fixed to the
first substrate. The second polarizer comprises a second
substrate, a second triacetyl cellulose layer, a second poly
vinyl alcohol layer and a third triacetyl cellulose layer. The
second poly vinyl alcohol layer is disposed on the second
triacetyl cellulose layer. The third triacetyl cellulose layer is
disposed on the second poly vinyl alcohol layer. The third
triacetyl cellulose layer, the second poly vinyl alcohol layer
and the second triacetyl cellulose layer are fixed to the
second substrate. When a wavelength is 550 nanometers and
a range of a pretilt angle of liquid crystal molecules of the
liquid crystal layer is between 85 degrees and 90 degrees, a
compensation value Rthl of the biaxial layer and a range
[Y1, Y2] of a compensation value Rth2 of the second
triacetyl cellulose layer satisfy the following equations:

Y1=-0.002107x(Reh1)2=0.01686x(Rih1)+206.5

12=-0.006137Tx(Reh12+1.703x (Rek1)+75.16.

The compensation value Rthl of the first biaxial layer is
a thickness-direction plane retardation of the first biaxial
layer. The compensation value Rth2 of the second triacetyl
cellulose layer is a thickness-direction plane retardation of
the second triacetyl cellulose layer. Y1 is a minimum value
of the compensation value Rth2 of the second triacetyl
cellulose layer, and Y2 is a maximum value of the compen-
sation value Rth2 of the second triacetyl cellulose layer.
When the compensation value Rthl of the first biaxial layer
1s selected as a first predetermined value, the minimum value
Y1 and the maximum value Y2 of the compensation value
Rth2 of the second triacetyl cellulose layer are obtained
from the above-mentioned equations, the compensation
value Rth2 of the second triacetyl cellulose layer is selected
as a second predetermined value which is ranged between
the minimum value Y1 and the maximum value Y2, and the
first predetermined value satisfies the following equation:

Reb1=[(Nx1-Ny1)/2-Nz1]xdl.
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Two directions perpendicular to each other on a plane of
the biaxial layer are respectively defined as an X axis and a
Y-axis. A direction perpendicular to a thickness direction of
the first biaxial layer is defined as a Z axis. Nx1 is a
refractive index of the first biaxial layer in a direction of the
X axis. Nyl is a refractive index of the first biaxial layer in
a direction of the Y axis. Nzl is a refractive index of the first
biaxial layer in a direction of the Z axis. dl is a thickness of
the first biaxial layer.

The second predetermined value satisfies the following
equation:

Rih2=[(Nx2-Ny2)/2-Nz2]xd2.

Two directions perpendicular to each other on a plane of
the second triacetyl cellulose layer are respectively defined
as an X axis and a Y-axis. A direction perpendicular to a
thickness direction of the second triacetyl cellulose layer is
defined as a 7 axis. Nx2 is a refractive index of the second
triacetyl cellulose layer in a direction of the X axis. Nyl is
a refractive index of the second triacetyl cellulose layer in a
direction of the Y axis. Nz1 is a refractive index of the
second triacety] cellulose layer in a direction of the Z axis.
d2 is a thickness of the second triacetyl cellulose layer.

In the liquid crystal display of the present invention, when
the compensation value Rthl of the first biaxial layer is
selected as the first predetermined value, a compensation
value Ro of the first biaxial layer corresponds to the com-
pensation value Rthl and satisfies the following equation:

Ro=(Nx1-Nyl)xd1.

The compensation value Ro is a planar retardation of the
first biaxial layer.

In the liquid crystal display of the present invention, a
preferred range of the compensation value Rthl of the
biaxial layer is between 180 nanometers and 280 nanome-
ters.

In the liquid crystal display of the present invention, a
preferred range of an optical path difference of the liquid
crystal layer is between 342.8 nanometers and 361.4 nano-
meters.

To solve the above-mentioned problem, the present inven-
tion further provides a liquid crystal display, which com-
prises a first polarizer, a liquid crystal layer and a second
polarizer. The liquid crystal layer is disposed between the
first polarizer and the second polarizer. The first polarizer
comprises a first triacetyl cellulose layer, a first poly vinyl
alcohol layer, a first biaxial layer and a first substrate. The
first poly vinyl alcohol layer is disposed on the first triacetyl
cellulose layer. The first biaxial layer is disposed on the first
poly vinyl alcohol layer. The first triacetyl cellulose layer,
the first poly vinyl alcohol layer and the first biaxial layer are
fixed to the first substrate. The second polarizer comprises a
second substrate, a second triacetyl cellulose layer, a second
poly vinyl alcohol layer and a third triacetyl cellulose layer.
The second poly vinyl alcohol layer is disposed on the
second triacetyl cellulose layer. The third triacetyl cellulose
layer is disposed on the second poly vinyl alcohol layer. The
third triacetyl cellulose layer, the second poly vinyl alcohol
layer and the second triacetyl cellulose layer are fixed to the
second substrate. When a wavelength is 550 nanometers, a
compensation value Rth1 of the biaxial layer and a range
[Y1, Y2] of a compensation value Rth2 of the second
triacetyl cellulose layer satisfy the following equations:

F1=-0.002107x(Rth1)?-0.01686x(Rtk1)+206.5

72=-0.006137x(Rih1+1.703x(Rel1)+75.16.
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The compensation value Rth1 of the first biaxial layer is
a thickness-direction plane retardation of the first biaxial
layer. The compensation value Rth2 of the second triacetyl
cellulose layer is a thickness-direction plane retardation of
the second triacetyl cellulose layer. Y1 is a minimum value
of the compensation value Rth2 of the second triacetyl
cellulose layer, and Y2 is a maximum value of the compen-
sation value Rth2 of the second triacetyl cellulose layer.
When the compensation value Rth1 of the first biaxial layer
is selected as a first predetermined value, the minimum value
Y1 and the maximum value Y2 of the compensation value
Rth2 of the second triacetyl cellulose layer are obtained
from the above-mentioned equations, the compensation
value Rth2 of the second triacetyl cellulose layer is selected
as a second predetermined value which is ranged between
the minimum value Y1 and the maximum value Y2, and the
first predetermined value satisfies the following equation:

Rih1=[(Nx1-Ny1)/2-Nz1]xd1.

Two directions perpendicular to each other on a plane of
the biaxial layer are respectively defined as an X axis and a
Y-axis. A direction perpendicular to a thickness direction of
the first biaxial layer is defined as a 7 axis. Nx1 is a
refractive index of the first biaxial layer in a direction of the
X axis. Nyl is a refractive index of the first biaxial layer in
a direction of the Y axis. Nz1 is a refractive index of the first
biaxial layer in a direction of the Z axis. d1 is a thickness of
the first biaxial layer.

The second predetermined value satisfies the following
equation:

RHH2=[(Nx2-Ny2)/2-Nz2]xd2.

Two directions perpendicular to each other on a plane of
the second triacetyl cellulose layer are respectively defined
as an X axis and a Y-axis. A direction perpendicular to a
thickness direction of the second triacetyl cellulose layer is
defined as a 7 axis. Nx2 is a refractive index of the second
triacetyl cellulose layer in a direction of the X axis. Nyl is
a refractive index of the second triacetyl cellulose layer in a
direction of the Y axis. Nz1 is a refractive index of the
second triacety! cellulose layer in a direction of the 7 axis.
d2 is a thickness of the second triacetyl cellulose layer.

In the liquid crystal display of the present invention, when
the compensation value Rthl of the first biaxial layer is
selected as the first predetermined value, a compensation
value Ro of the first biaxial layer corresponds to the com-
pensation value Rthl and satisfies the following equation:

Ro=(Nx1-Nyl)xd1.

The compensation value Ro is a planar retardation of the
first biaxial layer.

In the liquid crystal display of the present invention, a
preferred range of the compensation value Rthl of the
biaxial layer is between 180 nanometers and 280 nanome-
ters.

In the liquid crystal display of the present invention, a
preferred range of an optical path difference of the liquid
crystal layer is between 342.8 nanometers and 361.4 nano-
meters.

To solve the above-mentioned problem, the present inven-
tion further provides a liquid crystal display, which com-
prises a first polarizer, a liquid crystal layer and a second
polarizer. The liquid crystal layer is disposed between the
first polarizer and the second polarizer. The first polarizer
comprises a first triacetyl cellulose layer, a first poly vinyl
alcohol layer, a first biaxial layer and a first substrate. The
first poly vinyl alcohol layer is disposed on the first triacetyl
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cellulose layer. The first biaxial layer is disposed on the first
poly vinyl alcohol layer. The first triacetyl cellulose layer,
the first poly vinyl alcohol layer and the first biaxial layer are
fixed to the first substrate. The second polarizer comprises a
second substrate, a second triacetyl cellulose layer, a second
poly vinyl alcohol layer and a third triacetyl cellulose layer.
The second poly vinyl alcohol layer is disposed on the
second triacetyl cellulose layer. The third triacetyl cellulose
layer is disposed on the second poly vinyl alcohol layer. The
third triacetyl cellulose layer, the second poly vinyl alcchol
layer and the second triacetyl cellulose layer are fixed to the
second substrate. When a wavelength is 550 nanometers, a
compensation value Rth1 of the biaxial layer and a range
[Y1, Y2] of a compensation value Rth2 of the second
triacetyl cellulose layer satisfy the following equations:

Y1=-0.002107x(Rik1)2~0.01686x(Rik114+206.5

¥2=-0.006137x(Rik1)>+1.703%(Rih1)+75.16.

The compensation value Rth1 of the first biaxial layer is
a thickness-direction plane retardation of the first biaxial
layer. The compensation value Rth2 of the second triacetyl
cellulose layer is a thickness-direction plane retardation of
the second triacetyl cellulose layer. Y1 is a minimum value
of the compensation value Rth2 of the second triacetyl
cellulose layer, and Y2 is a maximum value of the compen-
sation value Rth2 of the second triacetyl cellulose layer.

In the liquid crystal display of the present invention, a
preferred range of the compensation value Rthl of the
biaxial layer is between 180 nanometers and 280 nanome-
ters.

In the liquid crystal display of the present invention, a
preferred range of an optical path difference of the liquid
crystal layer is between 342.8 nanometers and 361.4 nano-
meters.

In the liquid crystal display of the present invention, a
preferred range of a pretilt angle of liquid crystal molecules
of the liquid crystal layer is between 85 degrees and 90
degrees.

Comparing with the conventional liquid crystal display,
the liquid crystal display of the present invention is capable
of solving the problem that the dark-state light leakage is
serious in the area near the horizontal viewing angle in the
single-layer biaxial compensation architecture.

For a better understanding of the aforementioned content
of the present invention, preferable embodiments are illus-
trated in accordance with the attached figures for further
explanation:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a liquid crystal display with a single-layer
biaxial compensation architecture in the prior arts;

FIG. 2 shows a liquid crystal display with a two-layer
biaxial compensation architecture in the prior arts;

FIG. 3 shows a liquid crystal display according to an
embodiment of the present invention;

FIG. 4 shows relationships among dark-state light leakage
amounts, compensation values of a first biaxial layer and
compensation values of a second TAC layer when an optical
path difference of a liquid crystal layer in FIG. 3 is 342.8
nanometers; and

FIG. 5 shows relationships among the dark-state light
leakage amounts, the compensation values of the first biaxial
layer and the compensation values of the second TAC layer
when the optical path difference of the liquid crystal layer in
FIG. 3 is 361.4 nm.
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DETAILED DESCRIPTION OF THE
INVENTION

The following descriptions for the respective embodi-
ments are specific embodiments capable of being imple-
mented for illustrations of the present invention with refer-
ring to appended figures. For example, the terms of up,
down, front, rear, left, right, interior, exterior, side, etcetera
are merely directions of referring to appended figures.
Therefore, the wordings of directions are employed for
explaining and understanding the present invention but not
limitations thereto.

In the appended figures, elements having similar struc-
tures are represented as the same numeral.

Please refer to FIG. 3. FIG. 3 shows a liquid crystal
display according to an embodiment of the present inven-
tion.

The liquid crystal display comprises a first polarizer 30, a
liquid crystal layer 320 and a second polarizer 34. The liquid
crystal layer 320 is disposed between the first polarizer 30
and the second polarizer 34.

The first polarizer 30 comprises a first TAC layer 300, a
first PVA layer 302, a first biaxial layer 304 and a first
substrate 306. The first PVA layer 302 is disposed on the first
TAC layer 300. The first biaxial layer 304 is disposed on the
first PVA layer 302. The first substrate 306 is a PSA layer.
The first TAC layer 300, the first PVA layer 302 and the first
biaxial layer 304 are fixed to the first substrate 306.

The second polarizer 34 comprises a second substrate
340, a second TAC layer 342, a second PVA layer 344 and
athird TAC layer 346. The second PVA layer 344 is disposed
on the second TAC layer 342. The third TAC layer 346 is
disposed on the second PVA layer 344. The second substrate
340 is a PSA layer. The third TAC layer 346, the second PVA
layer 344 and the second TAC layer are fixed to the second
substrate 340.

More particularly, the liquid crystal layer 320 is disposed
between the first substrate 306 and the second substrate 340.

The liquid crystal display of the present invention utilizes
one biaxial layer (i.e. the first biaxial layer 304) and thus is
a single-layer biaxial compensation architecture. In order to
solve the problem that the dark-state light leakage is serious
in the area near the horizontal viewing angle in the prior arts,
the present invention executes tests and experiments con-
tinuously. Finally, the present solves the above-mentioned
problem by adjusting a compensation value of the first
biaxial layer 304 and a compensation value of the second
TAC layer 342. The setting of each layer in FIG. 3 is as
follows: a slow axis of the first TAC layer 300 is set as 0
degree, an absorption axis of the first PVA layer 302 is set
as 90 degrees, a slow axis of the first biaxial layer 304 is set
as 0 degree, a slow axis of the second TAC layer 342 is set
as 90 degrees, an absorption axis of the second PVA layer
344 is set as 0 degree, and a slow axis of the third TAC layer
346 is set as 90 degrees. The above-mentioned degrees are
referred to as phi degrees.

Please refer to FIG. 4 and FIG. 5. FIG. 4 shows relation-
ships among dark-state light leakage amounts, the compen-
sation values of the first biaxial layer 304 and the compen-
sation values of the second TAC layer 342 when an optical
path difference (And) of the liquid crystal layer 320 in FIG.
3 is 342.8 nanometers (nm). FIG. 5 shows relationships
among the dark-state light leakage amounts, the compensa-
tion values of the first biaxial layer 304 and the compensa-
tion values of the second TAC layer 342 when the optical
path difference (And) of the liquid crystal layer 320 in FIG.
3 is 361.4 nm. After the present invention is tested, it can be
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known that a trend that the compensation value of the first
biaxial layer 304 affects the dark-state light leakage is the
same as a trend that the compensation value of the second
TAC layer 342 affects the dark-state light leakage when the
liquid crystal molecules of the liquid crystal 320 are under
different pretilt angles. That is, ranges between the dark-state
light leakage amounts and the corresponding compensation
values at different pretilt angles are the same.

The above-mentioned compensation value of the first
biaxial layer 304 comprises a planar retardation (hereinafter
referred to as “Ro”) and a thickness-direction plane retar-
dation (hereinafter referred to as “Rth1”), while the com-
pensation value of second TAC layer 342 is a thickness-
direction plane retardation (hereinafter referred to as
“Rth2”). The above-mentioned compensation values are
known for one skilled in the art of the present invention and
not repeated herein.

According to unceasing tests, the present invention
obtains the compensation value Rth1 of the first biaxial layer
304 and a range [ Y1, Y2] of the compensation value Rth2 of
the second TAC layer 342 are necessary to satisfy the
following equations (1) and (2):

F1=-0.002107x(Rth1)?-0.01686x(Rtk1)+206.5 o)

¥2=-0.006137x(Rih1)°+1.703x (Reh1)+75.16 o)

For instance, when the pretilt angle is ranged between [85
degrees, 90 degrees], the compensation value Rthl of the
first biaxial layer 304 is selected and then the range [Y1, Y2]
of the second TAC layer 342 may be obtained by the
above-mentioned equations (1) and (2). Y1 is a minimum
value of the compensation value Rth2 of the second TAC
layer 342, and Y2 is a maximum value of the compensation
value Rth2 of the second TAC layer 342. Then, the com-
pensation value Ro corresponding to the selected compen-
sation value Rthl of the first biaxial layer 304 may be
obtained from FIG. 4 (or FIG. 5). The present invention is
capable of solving the problem that the dark-state light
leakage is serious in the area near the horizontal viewing
angle in the conventional single-layer biaxial compensation
architecture, such that the dark-light light leakage is in the
area near the vertical viewing angle and concentrated in a
narrower viewing range and the light leakage amount is
reduced significantly.

A preferred embodiment of the present invention will be
described in the following after tests. In the preferred
embodiment, the pretilt angel is [85 degrees, 90 degrees],
and the optical path difference (And) of the liquid crystal
layer 320 is [342.8 nm, 361.4 nm)]. After the tests, a preferred
range of the compensation value Rthl of the biaxial layer
304 is between [180 nm, 280 nm]. After the compensation
value Rthl of the first biaxial layer 304 is selected as a first
predetermined value which is ranged between 180 nm and
280 nm, a corresponding range of the compensation value
Rth2 of the second TAC layer 342 may be obtained from the
above-mentioned equations (1) and (2). Then, the compen-
sation value Ro corresponding to the selected compensation
value Rthl of the biaxial layer 304 may be obtained from
FIG. 4 (or FIG. 5).

For instance, when the optical path difference (And) of the
liquid crystal layer 320 is selected as 352.1 nm and the pretilt
angel is 89 degrees, the compensation value Rth1 of the first
biaxial layer 304 is assumed to be selected as 220 nm (i.e.
the first predetermined value is 220 nm). The compensation
value Ro corresponding to the compensation value Rthl (i.e.
220 nm) of the first biaxial layer 304 may be selected as 66
nm according to FIG. 4 (or FIG. 5). The range [Y1,
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Y2]=[100.81 nm, 152.79 nm] of the compensation value
Rth2 may be obtained from the above-mentioned equations
(1) and (2). The compensation value Rth2 of the second TAC
layer 342 is selected as a second predetermined value (e.g.
the second predetermined value is 118 nm). According to the
above-mentioned selections of the compensation values, the
liquid crystal display of the present invention is capable of
solving the problem that the dark-state light leakage is
serious in the area near the horizontal viewing angle in the
conventional single-layer biaxial compensation architecture
and the light leakage amount may be reduced to be lower
than 0.2 nits (a simulation value). As a result, the area of the
dark-state light leakage is concentrated near the vertical
viewing angle and concentrated in the narrower viewing
angle range, and the light leakage is reduced significantly.
Furthermore, the contrast ratios in all viewing angles are
better than the contrast ratios in all viewing angles in the
prior arts, and a minimum value of the contrast ratios in all
viewing angles triples that of the contrast ratios in all
viewing angles in the prior arts.

The above-mentioned first predetermined value satisfies
the following equation (3).

Rih1=[(Nx1-Ny1)/2-Nz1]xdl o)

Two directions perpendicular to each other on a plane of
the biaxial layer 304 are respectively defined as an X axis
and a Y-axis, and a direction perpendicular to a thickness
direction of the first biaxial layer 304 is defined as a Z axis.
Nx1 is a refractive index of the first biaxial layer 304 in a
direction of the X axis, Nyl is a refractive index of the first
biaxial layer 304 in a direction of the Y axis, Nyl is a
refractive index of the first biaxial layer 304 in a direction of
the 7 axis, and d1 is a thickness of the first biaxial layer 304.

Furthermore, the second predetermined value satisfies the
following equation (4).

Rih2=[(Nx2-N32)/2-Nz2]xd2 )

Two directions perpendicular to each other on a plane of
the second TAC layer 342 are respectively defined as an X
axis and a Y-axis, and a direction perpendicular to a thick-
ness direction of the second TAC layer 342 is defined as a
7 axis. Nx2 is arefractive index of the second TAC layer 342
in a direction of the X axis, Ny2 is a refractive index of the
second TAC layer 342 in a direction of the Y axis, Nx2 is a
refractive index of the second TAC layer 342 in a direction
of the Z axis, and d2 is a thickness of the second TAC layer
342.

As mentioned above, when the compensation value Rthl
of the first biaxial layer 304 is selected as the first prede-
termined value, the corresponding compensation value Ro
of the first biaxial layer 304 satisfies the following equation

2

Ro=(Nx1-Nyl)xdl o)

After the compensation value Ro of the first biaxial layer
304, the compensation value of the first biaxial layer 304 and
the compensation value Rth2 of the second TAC layer 342
are selected, the compensation value Ro of the first biaxial
layer 304, the compensation value of the first biaxial layer
304 and the compensation value Rth2 of the second TAC
layer 342 may be reached by the following three methods
according to the above-mentioned equations (3)~(5). In a
first method, the refractive indices Nx1 and Nx2 in the
direction of the X axis, the refractive indices Nyl and Ny2
in the direction of the Y axis, and the refractive indices Nzl
and Nz2 in the direction of the 7 axis are constant, and the
thicknesses d1 and d2 are adjusted for reaching the neces-
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sary compensation value Ro of the first biaxial layer 304, the
compensation value of the first biaxial layer 304 and the
compensation value Rth2 of the second TAC layer 342. In a
second method, the thicknesses d1 and d2 are constant, and
the refractive indices Nx1 and Nx2 in the direction of the X
axis, the refractive indices Nyl and Ny2 in the direction of
the Y axis, and the refractive indices Nz1 and Nz2 in the
direction of the Z axis are adjusted for reaching the neces-
sary compensation value Ro of the first biaxial layer 304, the
compensation value of the first biaxial layer 304 and the
compensation value Rth2 of the second TAC layer 342. In a
third method, the refractive indices Nx1 and Nx2 in the
direction of the X axis, the refractive indices Nyl and Ny2
in the direction of the Y axis, the refractive indices Nz1 and
Nz2 in the direction of the 7 axis and the thicknesses d1 and
d2 are adjusted for reaching the necessary compensation
value Ro of the first biaxial layer 304, the compensation
value of the first biaxial layer 304 and the compensation
value Rth2 of the second TAC layer 342.

The above-mentioned compensation values and the opti-
cal path difference (And) are values corresponding to a
wavelength of 550 nm. The present invention provides the
ranges of the compensation values, and the ranges are
capable of being applied to various compensation films.

As is understood by a person skilled in the art, the
foregoing preferred embodiments of the present invention
are illustrative rather than limiting of the present invention.
It is intended that they cover various modifications and
similar arrangements be included within the spirit and scope
of the appended claims, the scope of which should be
accorded the broadest interpretation so as to encompass all
such modifications and similar structure.

What is claimed is:

1. A liquid crystal display, comprising a first polarizer, a
liquid crystal layer and a second polarizer, the liquid crystal
layer disposed between the first polarizer and the second
polarizer, the first polarizer comprising a first triacetyl
cellulose layer, a first poly vinyl alcohol layer, a first biaxial
layer and a first substrate, the first poly vinyl alcohol layer
disposed on the first triacetyl cellulose layer, the first biaxial
layer disposed on the first poly vinyl alcohol layer, the first
triacetyl cellulose layer, the first poly vinyl alcohol layer and
the first biaxial layer fixed to the first substrate, the second
polarizer comprising a second substrate, a second triacetyl
cellulose layer, a second poly vinyl alcohol layer and a third
triacetyl cellulose layer, the second poly vinyl alcohol layer
disposed on the second triacetyl cellulose layer, the third
triacetyl cellulose layer disposed on the second poly vinyl
alcohol layer, the third triacetyl cellulose layer, the second
poly vinyl alcohol layer and the second triacetyl cellulose
layer fixed to the second substrate,

wherein only one biaxial layer is utilized in the liquid

crystal display;

wherein when a wavelength is 550 nanometers and a

range of a pretilt angle of liquid crystal molecules of the
liquid crystal layer is between 85 degrees and 90
degrees, a compensation value Rthl of the biaxial layer
and a range [Y1, Y2] of a compensation value Rth2 of
the second triacetyl cellulose layer satisfy the following
equations (1) and (2):

F1=-0.002107x(Rth1)?-0.01686x(Rth1)+206.5 )

¥2=-0.006137x(Rih1)°+1.703x(Reh1)+75.16 o)

the compensation value Rthl of the first biaxial layer is a
thickness-direction plane retardation of the first biaxial
layer, the compensation value Rth2 of the second
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triacetyl cellulose layer is a thickness-direction plane
retardation of the second triacetyl cellulose layer, Y1 is
a minimum value of the compensation value Rth2 of
the second triacetyl cellulose layer, and Y2 is a maxi-
mum value of the compensation value Rth2 of the
second triacetyl cellulose layer,

when the compensation value Rthl of the first biaxial
layer is selected as a first predetermined value, the
minimum value Y1 and the maximum value Y2 of the
compensation value Rth2 of the second triacetyl cel-
lulose layer are obtained from the above-mentioned
equations (1) and (2), the compensation value Rth2 of
the second triacetyl cellulose layer is selected as a
second predetermined value which is ranged between
the minimum value Y1 and the maximum value Y2,
and the first predetermined value satisfies the following
equation (3):

Rib1=[(Nx1-Ny1)2-Ne1]xd1 3)

two directions perpendicular to each other on a plane of
the biaxial layer are respectively defined as an X axis
and a Y-axis, a direction perpendicular to a thickness
direction of the first biaxial layer is defined as a Z axis,
Nx1 is a refractive index of the first biaxial layer in a
direction of the X axis, Nyl is a refractive index of the
first biaxial layer in a direction of the Y axis, Nzl is a
refractive index of the first biaxial layer in a direction
of the Z axis, and d1 is a thickness of the first biaxial
layer,

the second predetermined value satisfies the following
equation (4):

Rih2=[(Nx2-N32)/2-Nz2]xd2 )

two directions perpendicular to each other on a plane of
the second triacetyl cellulose layer are respectively
defined as an X axis and a Y-axis, a direction perpen-
dicular to a thickness direction of the second triacetyl
cellulose layer is defined as a 7 axis, Nx2 is a refractive
index of the second triacetyl cellulose layer in a direc-
tion of the X axis, Nyl is a refractive index of the
second triacetyl cellulose layer in a direction of the Y
axis, Nz1 is a refractive index of the second triacetyl
cellulose layer in a direction of the 7 axis, and d2 is a
thickness of the second triacetyl cellulose layer,

a slow axis of the first TAC layer is set as U degree, an
absorption axis of the first PVA layer is set as 90
degrees, a slow axis of the first, biaxial layer is set as
0 degree, a slow axis of the second TAC layer is set as
90 degrees, an absorption axis of the second PVA layer
is set as 0 degree, and a slow axis of the third TAC layer
is set as 90 degrees.

2. The liquid crystal display of claim 1, wherein when the
compensation value Rth1 of the first biaxial layer is selected
as the first predetermined value, a compensation value Ro of
the first biaxial layer corresponds to the compensation value
Rth1 and satisfies the following equation (5):

Ro=(Nx1-Nyl)xd1 )

the compensation value Ro is a planar retardation of the

first biaxial layer.

3. The liquid crystal display of claim 2, wherein a
preferred range of the compensation value Rthl of the
biaxial layer is between 180 nanometers and 280 nanome-
ters.

4. A liquid crystal display, comprising a first polarizer, a
liquid crystal layer and a second polarizer, the liquid crystal
layer disposed between the first polarizer and the second
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polarizer, the first polarizer comprising a first triacetyl
cellulose layer, a first poly vinyl alcohol layer, a first biaxial
layer and a first substrate, the first poly vinyl alcohol layer
disposed on the first triacetyl cellulose layer, the first biaxial
layer disposed on the first poly vinyl alcohol layer, the first
triacetyl cellulose layer, the first poly vinyl alcohol layer and
the first biaxial layer fixed to the first substrate, the second
polarizer comprising a second substrate, a second triacetyl
cellulose layer, a second poly vinyl alcohol layer and a third
triacetyl cellulose layer, the second poly vinyl alcohol layer
disposed on the second triacetyl cellulose layer, the third
triacetyl cellulose layer disposed on the second poly vinyl
alcohol layer, the third triacetyl cellulose layer, the second
poly vinyl alcohol layer and the second triacetyl cellulose
layer fixed to the second substrate,
wherein only one biaxial layer is utilized in the liquid
crystal display;
wherein when a wavelength is 550 nanometers, a com-
pensation value Rthl of the biaxial layer and a range
[Y1, Y2] of a compensation value Rth2 of the second
triacetyl cellulose layer satisfy the following equations
(1) and (2):

F1=-0.002107x(Rth1)?-0.01686x(Rtk1)+206.5 o)

¥2=-0.006137x(Rih1)°+1.703x (Reh1)+75.16 o)

the compensation value Rth1 of the first biaxial layer is a
thickness-direction plane retardation of the first biaxial
layer, the compensation value Rth2 of the second
triacetyl cellulose layer is a thickness-direction plane
retardation of the second triacetyl cellulose layer, Y1 is
a minimum value of the compensation value Rth2 of
the second triacetyl cellulose layer, and Y2 is a maxi-
mum value of the compensation value Rth2 of the
second triacetyl cellulose layer,

when the compensation value Rthl of the first biaxial
layer is selected as a first predetermined value, the
minimum value Y1 and the maximum value Y2 of the
compensation value Rth2 of the second triacetyl cel-
lulose layer are obtained from the above-mentioned
equations (1) and (2), the compensation value Rth2 of
the second triacetyl cellulose layer is selected as a
second predetermined value which is ranged between
the minimum value Y1 and the maximum value Y2,
and the first predetermined value satisfies the following
equation (3):

Rih1=[(Nx1-Ny1)2-Nz1]xd1 3)

two directions perpendicular to each other on a plane of
the biaxial layer are respectively defined as an X axis
and a Y-axis, a direction perpendicular to a thickness
direction of the first biaxial layer is defined as a Z axis,
Nx1 is a refractive index of the first biaxial layer in a
direction of the X axis, Nyl is a refractive index of the
first biaxial layer in a direction of the Y axis, Nzl is a
refractive index of the first biaxial layer in a direction
of the 7 axis, and dl is a thickness of the first biaxial
layer,

the second predetermined value satisfies the following
equation (4):

Rih2=[(Nx2-N32)/2-Nz2]xd2 @)

two directions perpendicular to each other on a plane of
the second triacetyl cellulose layer are respectively
defined as an X axis and a Y-axis, a direction perpen-
dicular to a thickness direction of the second triacetyl
cellulose layer is defined as a 7 axis, Nx2 is a refractive
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index of the second triacetyl cellulose layer in a direc-
tion of the X axis, Nyl is a refractive index of the
second triacetyl cellulose layer in a direction of the Y
axis, Nz1 is a refractive index of the second triacetyl
cellulose layer in a direction of the Z axis, and d2 is a
thickness of the second triacetyl cellulose layer,

a slow axis of the first TAC layer is set as 0 degree, an
absorption axis of the first PVA layer is set as 90
degrees, a slow axis of the first biaxial layer is set as 0
degree, a slow axis of the second TAC layer is set as 90
degrees, an absorption axis of the second PVA layer is
set as O degree, and a slow axis of the third TAC layer
is set as 90 degrees.

5. The liquid crystal display of claim 4, wherein when the
compensation value Rth1 of the first biaxial layer is selected
as the first predetermined value, a compensation value Ro of
the first biaxial layer corresponds to the compensation value
Rthl and satisfies the following equation (5):

Ro=(Nx1-Nyl)xdl )

the compensation value Ro is a planar retardation of the

first biaxial layer.

6. The liquid crystal display of claim 5, wherein a
preferred range of the compensation value Rthl of the
biaxial layer is between 180 nanometers and 280 nanome-
ters.

7. A liquid crystal display, comprising a first polarizer, a
liquid crystal layer and a second polarizer, the liquid crystal
layer disposed between the first polarizer and the second
polarizer, the first polarizer comprising a first triacetyl
cellulose layer, a first poly vinyl alcohol layer, a first biaxial
layer and a first substrate, the first poly vinyl alcohol layer
disposed on the first triacetyl cellulose layer, the first biaxial
layer disposed on the first poly vinyl alcohol layer, the first
triacetyl cellulose layer, the first poly vinyl alcohol layer and
the first biaxial layer fixed to the first substrate, the second
polarizer comprising a second substrate, a second triacetyl
cellulose layer, a second poly vinyl alcohol layer and a third
triacetyl cellulose layer, the second poly vinyl alcohol layer
disposed on the second triacetyl cellulose layer, the third
triacetyl cellulose layer disposed on the second poly vinyl
alcohol layer, the third triacetyl cellulose layer, the second
poly vinyl alcohol layer and the second triacetyl cellulose
layer fixed to the second substrate,

wherein only one biaxial layer is utilized in the liquid

crystal display;

wherein when a wavelength is 550 nanometers, a com-

pensation value Rthl of the biaxial layer and a range
[Y1, Y2] of a compensation value Rth2 of the second
triacetyl cellulose layer satisfy the following equations

(1) and (2);

Y1=-0.002107x(Reh1)2-0.01686 x(Rik1)+206.5

12=-0.006137x(Reh1241.703x (Reh1)+75.16 )

the compensation value Rthl of the biaxial layer is a
thickness-direction plane retardation of the biaxial
layer, the compensation value Rth2 of the second
triacetyl cellulose layer is a thickness-direction plane
retardation of the second triacetyl cellulose layer, Y1 is
a minimum value of the compensation value Rth2 of
the second triacetyl cellulose layer, and Y2 is a maxi-
mum value of the compensation value Rth2 of the
second triacetyl cellulose layer,

a slow axis of the first TAC layer is set as 0 degree, an
absorption axis of the first PVA layer is set as 90
degrees, a slow axis of the first biaxial layer is set as 0



US 9,645,445 B2

13

degree, a slow axis of the second TAC layer is set as 90
degrees, an absorption axis of the second PVA layer is
set as 0 degree, and a slow axis of the third TAC layer
is set as 90 degrees.

8. The liquid crystal display of claim 7, wherein a
preferred range of the compensation value Rthl of the
biaxial layer is between 180 nanometers and 280 nanome-
ters.

9. The liquid crystal display of claim 7, wherein a
preferred range of a pretilt angle of liquid crystal molecules
of the liquid crystal layer is between 85 degrees and 90
degrees.

10
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