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(57) ABSTRACT

The present invention relates to liquid crystal display tech-
nology, and provides an optical compensation film for a liquid
crystal display, including a first polarizer and a second polar-
izer disposed on both sides of the liquid crystal panel respec-
tively, and an A-plate and a C-plate arranged between the
liquid crystal panel and the first polarizer or between the
liquid crystal panel and the second polarizer, wherein the
in-plane compensation value for optical path difference of the
A-plate Ro,_ ;... lies in the range of [92, 184]am, the com-
pensation value for optical path difference in the thickness
direction of the A-plate Rth,_, .. lies in the range of [46,
92]nm. The dark-state light leaiage distribution and the con-
trast ratio of the display are improved through the optical
compensation film according to the invention. The invention
further provides a liquid crystal display including an optical
compensation film.
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OPTICAL COMPENSATION FILM FOR
LIQUID CRYSTAL DISPLAY AND LIQUID
CRYSTAL DISPLAY INCLUDING THE SAME

FIELD OF THE INVENTION

[0001] The present disclosure relates to the technical field
of liquid crystal display, and particularly, relates to an optical
compensation film for a liquid crystal display and the liquid
crystal display including the same.

BACKGROUND OF THE INVENTION

[0002] Thecontrast ratio of a liquid crystal display, directly
related with its adaptability, significantly affects how it would
be accepted by the market. The contrast ratio is a ratio of the
luminance of the brightest color (white) to that of the darkest
color (black) of the display. Generally, the insufficient dark
state is a main factor limiting the contrast ratio of the liquid
crystal display. With the increase of a viewing angle of a thin
film transistor-liquid crystal display (TFT-LCD), the contrast
ratio of pictures is continually reduced, and the sharpness of
the pictures also correspondingly declines. This is due to the
fact that the birefringence of liquid crystal molecules in a
liquid crystal layer is changed along with the viewing angle.
With a compensation achieved by adopting a wide-view com-
pensation film, light leakage of dark-state pictures can be
effectively reduced, and the contrast ratio of the pictures can
be greatly improved within a certain viewing angle. Gener-
ally, the compensation film functions based on the principle
that it offsets the phase difference generated by a liquid crys-
tal under different viewing angles, so as to symmetrically
compensate the birefringence performance of the liquid crys-
tal molecules.

[0003] The compensation film adopted should be differen-
tiated regarding different liquid crystal display modes, and
the compensation film used in a large-sized liquid crystal
television mostly aims at a vertical alignment (VA) display
mode.

[0004] As thecompensation value of the compensation film
varies, the status of dark-state light leakage under a large
viewing angle also varies, and thus the contrast ratio differs
within the same length of optical path difference (LCANd) of
a liquid crystal.

[0005] Forexample, FIG. 1 shows a corresponding diagram
of dark-state light leakage distribution in the prior art when
the optical path difference in liquid crystal (LCANd) is 315
nm, and FIG. 2 shows a diagram of full-view contrast ratio
distribution. In FIG. 1 and FIG. 2, the optical path differences
in liquid crystal, the pre-tilt angles of the liquid crystal and the
compensation values of an A-plate (positive double-zigzag
uniaxial film) and a C-plate (negative double-zigzag uniaxial
film) are shown in Table 1.

TABLE 1

compensation  compensation

in-plane valueRy for  value Ry, for

optical compensation  optical path optical path

path pre-tilt value R, for difference in difference in

difference  angleof  optical path the thickness  the thickness

in liquid liquid difference of direction of direction of
crystal crystal A-plate A-plate C-plate
315nm 89 degrees 109 nm 55nm 403 nm
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[0006] Thus it could be seen that when A-plate and C-plate
compensation values in the prior art are adopted, a serious
light leakage would occur when viewing is taken in a dark
state under a large angle. Therefore, the contrast ratio is
lowered, and the range of the viewing angle is reduced. As a
result, the sharpness of images would be greatly affected
under some viewing angles.

SUMMARY OF THE INVENTION

[0007] Aiming at improving the effect for reducing light
leakage using a compensation film on a liquid crystal display,
the present disclosure proposes an optical compensation film
for a liquid crystal display. for reducing light leakage and
increasing contrast.

[0008] Through research, inventors find that the compen-
sation values of a C-plate and an A-plate in the compensation
film are directly related to the effect for reducing light leakage
by the compensation film, wherein a better effect for reducing
light leakage can be obtained though the in-plane compensa-
tion value (Ro,_,,.) for optical path difference of the
A-plate, the compensation value for optical path difference in
the thickness direction (Rth,_,,,.) of the A-plate and the
compensation value for optical path difference in the thick-
ness direction (Rth. ;) of the C-plate in the compensation
film in respective specific ranges and in cooperation with one
another.

[0009] Accordingly, the present disclosure proposes an
optical compensation film for a liquid crystal display. In
embodiment 1, the compensation film includes a first polar-
izer and a second polarizer disposed on both sides of the
liquid crystal panel respectively, and a C-plate and an A-plate
arranged between the liquid crystal panel and the first polar-
izer or between the liquid crystal panel and the second polar-
izet,

[0010] wherein the in-plane compensation value for optical
path difference of the A-plate Ro,, ;. lies in the range of 92
nmsRo,,_,z,,.<184 nm,

[0011] the compensation value for optical path difference
in the thickness direction of the A-plate Rth,, lies in the
range of 46 nm=Rth,, <92 nm, and

[0012] the compensation value for optical path difference
in the thickness direction of the C-plate Rth,. ,,,, lies in a
range of Y, nmsRth. <Y, nm, wherein Y,=-0.
000265x>+0.1272x°-13.8934x+604.55. Y,=-0.0000789x"+
0.021543%x>-2.2088x°+100.7666x-1451, and x is the com-
pensation value for optical path difference in the thickness
direction of the A-plate Rth,, ;..
[0013] In the context, an A-plate represents a positive
double-zigzag uniaxial film, and a C-plate represents a nega-
tive double-zigzag uniaxial film.

[0014] According to embodiment 1, the light leakage in
dark status which may occur in the prior art can be effectively
reduced without impairing the transmittance of the liquid
crystal panel, resulting in an increase of the contrast ratio and
sharpness of the images under a large viewing angle, which is
not in the horizontal or vertical azimuth.

[0015] In embodiment 2 improved according to embodi-
ment 1, the C-plate is arranged on the same side of the liquid
crystal panel as the A-plate, with the C-plate being closer to
the liquid crystal panel.

[0016] In embodiment 3 improved according to embodi-
ment 1 or 2, the C-plate is arranged on a different side of the
liquid crystal panel from the A-plate.

-plate
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[0017] In embodiment 4 improved according to any of
embodiments 1 to 3, the slow axes of the C-plate and the
A-plate are vertical to the absorption axis of the first polarizer
or the second polarizer, which is on the same side of the liquid
crystal panel as the respective A-plate or C-plate.

[0018] In embodiment 5 improved according to embodi-
ment 2, the absorption axis of the first polarizer is 0 degree,
the slow axis of the C-plate is 90 degrees, the slow axis of the
A-plate is 90 degrees, and the absorption axis of the second
polarizer is 90 degrees.

[0019] In embodiment 6 improved according to embodi-
ment 3, the absorption axis of the first polarizer is 90 degrees,
the slow axis of the C-plate is 0 degree, the slow axis of the
A-plate is 90 degrees, and the absorption axis of the second
polarizer is 0 degree.

[0020] While the structures of embodiments 5 and 6 are
actually equivalent in terms of optical properties, other struc-
tures can also be applied to the compensation film according
to the present invention without departing from the purpose of
the invention.

[0021] In embodiment 7 improved according to any of
embodiments 1 to 6, the in-plane compensation value for
optical path difference of the A-plate Ro,, ;. and the com-
pensation value for optical path difference in the thickness
direction of the A-plate Rth, ., are both adjusted through
changing the refractive index and/or the thickness of the
A-plate, while the compensation value for optical path differ-
ence in the thickness direction of the C-plate Rth. ,,,, is
adjusted through changing the refractive index and/or the
thickness of the C-plate, in accordance with the following
equations:

Ro=(N,~N,)*d

Ri=[(N AN, ) 2NJ*d’

wherein N, and N, represent the refractive indexes of the
respective A-plate or C-plate along in-plane directions, with x
and y representing in-plane directions perpendicular to each
other, N, represents the refractive index in the thickness direc-
tion of the respective A-plate or C-plate, d represents the
thickness of the respective A-plate or C-plate, and Ro and Rth
represent the in-plane compensation value for optical path
difference and the compensation value for optical path differ-
ence in the thickness direction of the respective A-plate or
C-plate in each case.

[0022] The present disclosure further proposes a liquid
crystal display including the above-mentioned optical com-
pensation film, wherein the optical compensation film
includes:

[0023] a first polarizer and a second polarizer disposed on
both sides of the liquid crystal panel respectively, and a
C-plate and an A-plate arranged between the liquid crystal
panel and the first polarizer or between the liquid crystal panel
and the second polarizer,

[0024] wherein the in-plane compensation value for optical
path difference of the A-plate Ro,,_,, lies in the range of 92
nmsRo ;,,=<184 nm,

[0025] the compensation value for optical path difference
in the thickness direction of the A-plate Rth , lies in the
range of 46 nm<Rth, <92 nm, and

[0026] the compensation value for optical path difference
in the thickness direction of the C-plate Rth_,,, lies in a
range of Y, mms=Rth. =Y, nm, wherem Y,=-0.
000265%>+0.1272x>-13.8934x+604.55. Y ,=—0.0000789x ™+
0.021543%x3-2.2088x>+100.7666x-1451, and x is the com-

-plate
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pensation value for optical path difference in the thickness
direction of the A-plate Rth,, ;..
[0027] Inanembodimentofthe display, the slow axes ofthe
C-plate and the A-plate are vertical to the absorption axis of
the first polarizer or the second polarizer, which is on the same
side of the liquid crystal panel as the respective A-plate or
C-plate.

[0028] In a further embodiment of the display, the optical
path difference LCANd in liquid crystal of the liquid crystal
panel lies in the range of 305.8 nm<L.CANd=324.3 nm, and
the pre-tilt angle of the liquid crystal of the liquid crystal
panel lies in the range of 85°<the pre-tilt angle=89°,

[0029] Experiments shows that the light leakage distribu-
tion can be greatly reduced, so that the present disclosure has
significant advantages compared with the prior art as long as
the A-plate and the C-plates are within the compensation
value ranges in the technical solutions of the present disclo-
sure. The experiments will be discussed in detail with refer-
ence to the accompanying drawings below. Meanwhile, the
contrast ratio can be increased and the range of viewing angle
can be significantly broadened, with clear images to be
received under large viewing angles.

[0030] The above-mentioned technical features may be
combined in various appropriate manners or substituted by
equivalent technical features, as long as the objective of the
present disclosure can be fulfilled.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The present disclosure will be described in more
detail below based on merely nonfinite examples with refer-
ence to the accompanying drawings. Wherein:

[0032] FIG. 1 shows a diagram of dark-state light leakage
distribution with the A-plate and C-plate adopting the com-
pensation values in the prior art mentioned in the background
of the invention;

[0033] FIG. 2 shows a diagram for full-view contrast dis-
tribution with the A-plate and C-plate adopting the compen-
sation values in the prior art mentioned in the background of
the invention;

[0034] FIG. 3 schematically shows structure of an optical
compensation film for a liquid crystal display according to the
present disclosure;

[0035] FIG. 4 shows a trend of a maximum amount of
dark-state light leakage as a function of the compensation
values under different pre-tilt angles when the optical path
difference in liquid crystal is 305.8 nm;

[0036] FIG. 5 shows a trend of a maximum amount of
dark-state light leakage as a function of the compensation
values under different pre-tilt angles when the optical path
difference in liquid crystal is 324.3 nm;

[0037] FIG. 6 shows a diagram for dark-state full-view light
leakage distribution in a first example of the present disclo-
sure;

[0038] FIG. 7 shows a diagram for full-view contrast dis-
tribution in the first example of the present disclosure;
[0039] FIG. 8 shows a diagram for dark-state full-view light
leakage distribution in a second example of the present dis-
closure;

[0040] FIG. 9 shows a diagram for full-view contrast dis-
tribution in the second example of the present disclosure;
[0041] FIG. 10 shows a diagram for dark-state full-view
light leakage distribution in a third example of the present
disclosure; and
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[0042] FIG. 11 shows a diagram for full-view contrast dis-
tribution in the third example of the present disclosure.

[0043] Inthe drawings, the same components are indicated
by the same reference signs. The accompanying drawings are
not drawn in an actual scale.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0044] The present disclosure will be introduced in detail
below with reference to the accompanying drawings.

[0045] With reference to FIG. 3, an optical compensation
film for a liquid crystal display according to the present dis-
closure includes a first polarizer, e.g. a polyvinyl alcohol
layer, and a second polarizer, e.g. a polyvinyl alcohol layer,
disposed on both sides of the liquid crystal panel respectively,
and an A-plate and a C-plate arranged between the liquid
crystal panel and the first polyvinyl alcohol layer or between
the liquid crystal panel and the second polyvinyl alcohol
layer.

[0046] In an optical compensation film according to the
present disclosure, the absorption axis of an upper polarizer is
0 degree, and the absorption axis of a lower polarizer is 90
degrees. However, when the absorption axis of the upper
polarizer is 90 degrees and the absorption axis of the lower
polarizer is O degree, the solution of the present disclosure is
still applicable if only the slow axes of the A-plate and the
C-plate of the compensation structure are vertical to the
absorption axis of the polyvinyl alcohol (PVA) layer which is
on the same side of the liquid crystal panel (cell) as the
respective A-plate or C-plate.

[0047] The optical compensation film according to the
present disclosure may adopt one of the following four struc-
tures.

angle

Compensation structure 1

PVA(the upper polarizer) absorption axis being 0 degree
C slow axis being 90 degrees
liquid crystal panel (Cell)

A slow axis being 0 degree
PVA(the lower polarizer) absorption axis being 90 degrees

Compensation structure 2

PVA(the upper polarizer) absorption axis being 0 degree
A slow axis being 90 degrees

liquid crystal panel (Cell)
C slow axis being 0 degree
PVA(the lower polarizer) absorption axis being 90 degrees

Compensation structure 3

absorption axis being 0 degree
slow axis being 90 degrees
C slow axis being 90 degrees
liquid crystal panel (Cell)
PVA(the lower polarizer)
Compensation structure 4

PVA(the upper polarizer)
A

absorption axis being 90 degrees

PVA(the upper polarizer)
liquid crystal panel (Cell)
C

absorption axis being 0 degree

slow axis being 0 degree
A slow axis being 0 degree
PVA(the lower polarizer) absorption axis being 90 degrees

[0048] The above-mentioned angle could be the angle of
the respective axis relative to a preset plane.
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[0049] 1In an optical compensation film according to the
present disclosure, the absorption axis ofan upper polarizer is
0 degree, and the absorption axis of a lower polarizer is 90
degrees. However, when the absorption axis of the upper
polarizer is 90 degrees and the absorption axis of the lower
polarizer is O degree, the solution of the present disclosure is
still applicable if only the slow axes of the A-plate and the
C-plate of the compensation structure are vertical to the
absorption axis of the polyvinyl alcohol (PVA) layer which is
on the same side of the liquid crystal panel (cell) as the
respective A-plate or C-plate.

[0050] The inventors discover that the compensation struc-
tures 1 to 4 are equivalent to each other during simulation.
Namely, with the same compensation value, the maximum
dark-state light leakage corresponding to each of the compen-
sation structures 1 to 4 is the same.

[0051] Aiming at the above compensation structures, the
inventors discover that the compensation values (in-plane
compensation value for optical path difference and compen-
sation value for optical path difference in the thickness direc-
tion) of the A-plate and the C-plate are related with the effect
for reducing dark-state light leakage by the optical compen-
sation film. For this reason, different compensation values of
the A-plate and the C-plate can be used together to simulate
the dark-state light leakage, and thus an optimal compensa-
tion value range can be found for corresponding dark-state
light leakage within the tolerance.

[0052] The simulation adopts the following settings.
[0053] For the optical compensation film, the structure of
the set optical compensation film for the liquid crystal display
is shown in FIG. 3. Specifically, the film includes a first
polyvinyl alcohol layer and a second polyvinyl alcohol layer
disposed on both sides of the liquid crystal panel respectively,
and an A-plate and a C-plate arranged between the liquid
crystal panel and the first polyvinyl alcohol layer or between
the liquid crystal panel and the second polyvinyl alcohol
layer.

[0054] The slow axes of the A-plate and the C-plate are
vertical to the absorption axis of the first polyvinyl alcohol
layer or the second polyvinyl alcohol layer on the same side of
the liquid crystal panel (cell) as the A-plate or the C-plate
respectively.

[0055] For the liquid crystal, the pre-tilt angle lies in the
range of 85°<the pre-tilt angle<90° (four-domain liquid crys-
tal tilt angles are 45°), and the optical path difference in liquid
crystal LCANd lies in the range of 305.8 nm<[.CANd=<324.3
am.

[0056] For the light source, blue light excited yttrium alu-
minum garnet fluorescent powder (Blue-YAG) LED spectra
are used with the center brightness set as 100 nits, and Lam-
bert’s distribution is adopted for light source distribution.
[0057] With the above-mentioned settings, the dark-state
light leakage condition is simulated for using different com-
pensation values of the A-plate and the C-plates together.
[0058] The optical path difference in liquid crystal is
selected as 305.8 nm and 324.3 nm, and the pre-tilt angle of
the liquid crystal is selected as 85° and 89° respectively.
[0059] FIG. 4 shows a trend of a maximum amount of
dark-state light leakage as a function of the compensation
values under different pre-tilt angles when the optical path
difference in liquid crystal is 305.8 nm. FIG. 5 shows a trend
of a maximum amount of dark-state light leakage as a func-
tion of the compensation values under different pre-tilt angles
when the optical path difference in liquid crystal is 324.3 nm.
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[0060] InFIG.4 andFIG.35, different compensation values
of A-plate and C-plate are used together for simulation with
varied optical path differences in liquid crystal and pre-tilt
angles respectively. It could be seen that the influence of the
compensation values of A-plate and C-plate on dark-state
light leakage tends to be consistent under different pre-tilt
angles. Namely, the corresponding compensation value
ranges within which the dark-state light leakage can be mini-
mized are identical under different pre-tilt angles.

[0061] Thus, the optimal ranges of A-plate and C-plate
compensation values in the optical compensation film can be
obtained (shown in Table 2) when the optical path difference
in liquid crystal LCANd lies in the range of 305.8
nm=<[.CANd=324.3 nm with the pre-tilt angle in the range of
85°<the pre-tilt angle<90° (the pre-tilt angle adopted
includes 89°) and the dark-state light leakage below 0.2 nit.

TABLE 2
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[0069] Inother words, the in-plane compensation value for
optical path difference of the A-plate Ro ,_,;,,, and the com-
pensation value for optical path difference in the thickness
direction of the A-plate Rth,_,,,, are both adjusted through
changing the refractive index and/or the thickness of the
A-plate, while the compensation value for optical path differ-
ence in the thickness direction of the C-plate Rth.. . is
adjusted through changing the refractive index and/or the
thickness of the C-plate, in accordance with the following
equations:

Ro=(N,~N,)*d
Rib=[(N4NY2-N,Jd"

wherein N, and N, represent the refractive indexes of the
respective A-plate or C-plate along in-plane directions, with x

in-plane compensation value  compensation value (nm) for

compensation value (nm) for

optical path (nm) for the optical path the optical path difference in  the optical path difference in
difference (nm) difference of A-plate the thickness direction of the thickness direction of
in liquid crystal RO piaze A-plate Rth g e C-plate Rthc
305.8nm = 92 nm = 46 nm = Y, nm=
LCANd = RO 4 prare = Rthy prare < Rthe e
324.3 nm 84 nm 92 nm > nm

[0062] Wherein, Y,=-0.000265x+0.1272x>-13.8934x+
604.55, and Y,=-0.0000789x*+0.021543x>~2.2088x+100.
7666x-1451, and x is the compensation value for optical path
difference in the thickness direction of the A-plate Rth,,

[0063] Namely, when the optical path difference in liquid
crystal LCANd lies in the range of 305.8 nm=<[LCANd=<324.3
nm and the pre-tilt angle lies in the range of 85°<the pre-tilt
angle<90°, the ideal dark-state light leakage reducing effect
may be achieved by compatibly using the compensation val-
ues of the A-plate and the C-plates of different optical com-
pensation film structures. The range of optimal compensation
values is mentioned above, as shown in Table 2.

[0064] Once the appropriate range for compensation value
is found and the in-plane compensation value for optical path
difference (R,) is known, the relationship among the com-
pensation value for optical path difference (R,;,) in the thick-
ness direction, the refractive index N and the thickness d can
be determined as follows:

-plate*

Ro=(N,~N,)*d
ROb=[(NAN,)2-N,]*d

wherein x and y represent in-plane directions, and z repre-
sents the thickness direction.

[0065] Thus, the compensation values may be adjusted
with the following three methods.

[0066] Method a): The refractive indexes N of the conven-
tional A-plate and C-plates stay unchanged, while the com-
pensation values are adjusted by changing the thickness d.

[0067] Method b): Based on the conventional A-plate and
C-plates, the compensation values are adjusted by changing
the refractive indexes N.

[0068] Method c): The compensation values are adjusted
by changing the thickness d and the refractive indexes N at the
same time, while the compensation values of the A-plate and
the C-plates are maintained within the ranges.

and y representing in-plane directions perpendicular to each
other, N, represents the refractive index in the thickness direc-
tion of the respective A-plate or C-plate, d represents the
thickness of the respective A-plate or C-plate, and Ro and Rth
represent the in-plane compensation value for optical path
difference and the compensation value for optical path differ-
ence in the thickness direction of the respective A-plate or
C-plate in each case.

[0070] Corresponding to the optical compensation film
proposed in the present disclosure, three examples as follow-
ing are provided for comparison with the example in prior art
as mentioned in the background portion.

[0071] For comparison with the effects of the optical com-
pensation film in the prior art shown in FIG. 1 and FIG. 2,
dark-state light leakage and full-view contrast distribution are
compared with changing the compensation values of the
A-plate and the C-plates in the optical compensation film
according to the present disclosure.

[0072] 3 groups of in-plane compensation values for opti-
cal path difference Ro and compensation values Rth for opti-
cal path difference in the thickness direction of the A-plate
and the C-plates are selected.

Example 1
[0073]
optical path pre-tilt
difference angle of
in liquid liquid A-plate A-plate the sum of
crystal crystal Ro Rth C-plate Rth
333.5nm 89 degrees 132 nm 66 nm 179 nm
[0074] FIG. 6 shows a diagram of dark-state full-view light

leakage distribution in Example 1, and FIG. 7 shows a dia-
gram of full-view contrast distribution in Example 1.
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Example 2
[0075]
optical path pre-tilt
difference angle of
in liquid the liquid A-plate A-plate the sum of
crystal crystal Ro Rth C-plate Rth
333.50m 89 degrees 132 nm 66 nm 206 nm
[0076] FIG. 8 shows a diagram of dark-state full-view light

leakage distribution in Example 2, and FIG. 9 shows a dia-
gram of full-view contrast distribution in Example 2.

Example 3
[0077]
optical path pre-tilt
difference angle of
in liquid the liquid A-plate A-plate the sum of
crystal crystal R, Ry, C-plate R,;,
333.5 nm 89 degrees 132 nm 66 nm 266 nm
[0078] FIG. 10 shows a diagram of dark-state full-view

light leakage distribution in Example 3, and FIG. 11 shows a
diagram of full-view contrast distribution in Example 3.

[0079] In FIG. 6 to FIG. 11:
maximum minimum
light light maximum  minimum

leakage (nit)  leakage (nit)  contrast contrast
Comparative 2.297815 0.008823 1707.007 0.553
example
Example 1: 0.187743 0.007746 1715.623 13.075
Example 2 0.050535 0.008514 1707.929 44.285
Example 3 0.194054 0.008806 1742.347 6.412
[0080] By comparing FIG. 6, FIG. 8 and FIG. 10 corre-

sponding to Example 1, Example 2 and Example 3 respec-
tively with FIG. 1, it could be found that after the compensa-
tion values of the A-plate and the C-plates of the optical
compensation film are adjusted, the maximum dark-state
light leakage is reduced from 2.3 nits to 0.2 nit or below,
which is far lower than the dark-state light leakage obtained
with the optical compensation film in the prior art.

[0081] By comparing FIG. 7, FIG. 9 and FIG. 11 corre-
sponding to Example 1, Example 2 and Example 3 respec-
tively with FIG. 2, it could be found that after the compensa-
tion values of the A-plate and the C-plates of the optical
compensation film are adjusted, the full-view contrast distri-
bution is far better than that obtained with the optical com-
pensation film in the prior art.

[0082] Thepresent disclosure also proposes a liquid crystal
display including the above-mentioned optical compensation
film.

[0083] Although the present disclosure has been described
with reference to the preferred examples, various modifica-
tions could be made to the present disclosure without depart-
ing from the scope of the present disclosure and components
in the present disclosure could be substituted by equivalents.
The present disclosure is not limited to the specific examples
disclosed in the description, but includes all technical solu-
tions falling into the scope of the claims.
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1. An optical compensation film for a liquid crystal display,
including:

a first polarizer and a second polarizer disposed on both
sides of the liquid crystal panel respectively, and an
A-plate and a C-plate arranged between the liquid crys-
tal panel and the first polarizer or between the liquid
crystal panel and the second polarizer,

wherein the in-plane compensation value for optical path
difference of the A-plate Ro,,_;,,. lies in the range of 92
mmsRo,,_,;,,.<184 nm,

the compensation value for optical path difference in the
thickness direction of the A-plate Rth,, lies in the
range of 46 nm=Rth,, <02 nm, and

the compensation value for optical path difference in the
thickness direction of the C-plate Rth,_,,,. lies in a
range of Y, nm=Rth ,,,<Y, nm, wherein Y,=-0.
000265x>+0.1272x7-13.8934x+604.55, Y,=-0.
0000789x"+0.021543x7-2.2088x>+100.7666x~1451,
and x is the compensation value for optical path differ-
ence in the thickness direction of the A-plate Rth,, ;...

2. The optical compensation film according to claim 1,
wherein the C-plate is arranged on the same side of the liquid
crystal panel as the A-plate, with the C-plate being closer to
the liquid crystal panel.

3. The optical compensation film according to claim 1,
wherein the C-plate is arranged on a different side of the
liquid crystal panel from the A-plate.

4. The optical compensation film according to claim 1,
wherein the slow axes of the C-plate and the A-plate are
vertical to the absorption axis of the first polarizer or the
second polarizer, which is on the same side of the liquid
crystal panel as the respective A-plate or C-plate.

5. The optical compensation film according to claim 2,
wherein the absorption axis of the first polarizer is 0 degree,
the slow axis of the C-plate is 90 degrees, the slow axis ofthe
A-plate is 90 degrees, and the absorption axis of the second
polarizer is 90 degrees.

6. The optical compensation film according to claim 3,
wherein the absorption axis of the first polarizer is 90 degrees,
the slow axis of the C-plate is O degree, the slow axis of the
A-plate is 90 degrees, and the absorption axis of the second
polarizer is 0 degree.

7. The optical compensation film according to claim 1,
wherein the in-plane compensation value for optical path
difference of the A-plate Ro, ;.. and the compensation
value for optical path difference in the thickness direction of
the A-plate Rth,,_,,,, are both adjusted through changing the
refractive index and/or the thickness of the A-plate, while the
compensation value for optical path difference in the thick-
ness direction of the C-plate Rth_,;,,. is adjusted through
changing the refractive index and/or the thickness of the
C-plate, in accordance with the following equations:

-plate

Ro=(N,~N,)*d
Rr=[(V4N,)2-N,J*d"

wherein N, and N, represent the refractive indexes of the
respective A-plate or C-plate along in-plane directions,
with x and y representing in-plane directions perpen-
dicular to each other, N, represents the refractive index
in the thickness direction of the respective A-plate or
C-plate, d represents the thickness of the respective
A-plate or C-plate, and Ro and Rth represent the in-
plane compensation value for optical path difference and
the compensation value for optical path difference in the
thickness direction of the respective A-plate or C-plate
in each case.
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8. The optical compensation film according to claim 2,
wherein the in-plane compensation value for optical path
difference of the A-plate Ro,_,,, and the compensation
value for optical path difference in the thickness direction of
the A-plate Rth, ., are both adjusted through changing the
refractive index and/or the thickness of the A-plate, while the
compensation value for optical path difference in the thick-
ness direction of the C-plate Rth_,;,,, is adjusted through
changing the refractive index and/or the thickness of the
C-plate, in accordance with the following equations:

Ro=(N,~N,)*d
RI=[(NAN,)2-NJ*d"

wherein N, and N, represent the refractive indexes of the
respective A-plate or C-plate along in-plane directions,
with x and y representing in-plane directions perpen-
dicular to each other, N, represents the refractive index
in the thickness direction of the respective A-plate or
C-plate, d represents the thickness of the respective
A-plate or C-plate, and Ro and Rth represent the in-
plane compensation value for optical path difference and
the compensation value for optical path difference in the
thickness direction of the respective A-plate or C-plate
in each case.

9. The optical compensation film according to claim 3,
wherein the in-plane compensation value for optical path
difference of the A-plate Ro,_,,, and the compensation
value for optical path difference in the thickness direction of
the A-plate Rth, ., are both adjusted through changing the
refractive index and/or the thickness of the A-plate, while the
compensation value for optical path difference in the thick-
ness direction of the C-plate Rth.. ;... is adjusted through
changing the refractive index andlor the thickness of the
C-plate, in accordance with the following equations:

Ro=(N,~-N,)*d
RI=[(NAN,)2-NJ*d"

wherein N, and N,, represent the refractive indexes of the
respective A-plate or C-plate along in-plane directions,
with x and y representing in-plane directions perpen-
dicular to each other, N, represents the refractive index
in the thickness direction of the respective A-plate or
C-plate, d represents the thickness of the respective
A-plate or C-plate, and Ro and Rth represent the in-
plane compensation value for optical path difference and
the compensation value for optical path difference in the
thickness direction of the respective A-plate or C-plate
in each case.

10. The optical compensation film according to claim 4,
wherein the in-plane compensation value for optical path
difference of the A-plate Ro, . and the compensation
value for optical path difference in the thickness direction of
the A-plate Rth,, ;. are both adjusted through changing the
refractive index and/or the thickness of the A-plate, while the
compensation value for optical path difference in the thick-
ness direction of the C-plate Rth,,,. adjusted through
changing the refractive index and/or the thickness of the
C-plate, in accordance with the following equations:

Ro=(N,~N,)*d
Ri=[(NAN,Y2-N J¥d*

wherein N, and N, represent the refractive indexes of the
respective A-plate or C-plate along in-plane directions,
with x and y representing in-plane directions perpen-

dicular to each other, N, represents the refractive index
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in the thickness direction of the respective A-plate or
C-plate, d represents the thickness of the respective
A-plate or C-plate, and Ro and Rth represent the in-
plane compensation value for optical path difference and
the compensation value for optical path difference in the
thickness direction of the respective A-plate or C-plate
in each case.

11. The optical compensation film according to claim 5,
wherein the in-plane compensation value for optical path
difference of the A-plate Ro,_,,,, and the compensation
value for optical path difference in the thickness direction of
the A-plate Rth, ;. are both adjusted through changing the
refractive index and/or the thickness of the A-plate, while the
compensation value for optical path difference in the thick-
ness direction of the C-plate Rth,;,,, is adjusted through
changing the refractive index and/or the thickness of the
C-plate, in accordance with the following equations:

Ro=(N,~N,)*d
RO=[(NAN,)2-N,] *d

wherein N, and N, represent the refractive indexes of the
respective A-plate or C-plate along in-plane directions,
with x and y representing in-plane directions perpen-
dicular to each other, N_ represents the refractive index
in the thickness direction of the respective A-plate or
C-plate, d represents the thickness of the respective
A-plate or C-plate, and Ro and Rth represent the in-
plane compensation value for optical path difference and
the compensation value for optical path difference in the
thickness direction of the respective A-plate or C-plate
in each case.

12. The optical compensation film according to claim 6,
wherein the in-plane compensation value for optical path
difference of the A-plate Ro,_,;,, and the compensation
value for optical path difference in the thickness direction of
the A-plate Rth, ., are both adjusted through changing the
refractive index and/or the thickness of the A-plate, while the
compensation value for optical path difference in the thick-
ness direction of the C-plate Rth,. ,;,,, is adjusted through
changing the refractive index and/or the thickness of the
C-plate, in accordance with the following equations:

Ro=(N,~N,)*d
Ref=[(N4+]N,)2-N,] *’

wherein N, and N, represent the refractive indexes of the
respective A-plate or C-plate along in-plane directions,
with x and y representing in-plane directions perpen-
dicular to each other, N, represents the refractive index
in the thickness direction of the respective A-plate or
C-plate, d represents the thickness of the respective
A-plate or C-plate, and Ro and Rth represent the in-
plane compensation value for optical path difference and
the compensation value for optical path difference in the
thickness direction of the respective A-plate or C-plate
in each case.

13. A liquid crystal display including an optical compen-
sation film, wherein the optical compensation film includes:

a first polarizer and a second polarizer disposed on both
sides of the liquid crystal panel respectively, and an
A-plate and a C-plate arranged between the liquid crys-
tal panel and the first polarizer or between the liquid
crystal panel and the second polarizer,
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wherein the in-plane compensation value for optical path
difference of the A-plate Ro,_,,,, lies in the range of 92
nmsRo,_,;,,<184 nm,

the compensation value for optical path difference in the

thickness direction of the A-plate Rth, lies in the
range of 46 nm=Rth,,_,,..<92 nm, and

the compensation value for optical path difference in the

thickness direction of the C-plate Rth._,,,, lies in a
range of Y, nmsRth. ,,.<Y, om, wherein Y,==0.
000265%>+0.1272x°-13.8934x+604.55, Y,=-0.
0000789x*+0.021543x3-2.2088x>+100.7666x-1451,

and x is the compensation value for optical path differ-
ence in the thickness direction of the A-plate Rth, ;.-

14. The display according to claim 13, wherein the slow
axes of the C-plate and the A-plate are vertical to the absorp-
tion axis of the first polarizer or the second polarizer, which is
on the same side of the liquid crystal panel as the respective
A-plate or C-plate.

15. The display according to claim 13, wherein the optical
path difference LCANd in liquid crystal of the liquid crystal
panel lies in the range of 305.8 nm<[LCANd<324.3 nm, and
the pre-tilt angle of the liquid crystal of the liquid crystal
panel lies in the range of 85°sthe pre-tilt angle<89°.

16. The display according to claim 14, wherein the optical
path difference LCANd in liquid crystal of the liquid crystal
panel lies in the range of 305.8 nm<[.CANd<324.3 nm, and
the pre-tilt angle of the liquid crystal of the liquid crystal
panel lies in the range of 85°=<the pre-tilt angle<89°.

-plate
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