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(57) ABSTRACT

A liquid crystal display and an optical compensation method
therefor are provided specifically for adjusting compensation
values of an uniaxial positive birefringence A-compensation
film (A-Plate) and an uniaxial negative birefringence C-com-
pensation film (C-Plate) and particularly for controlling a
valuing range of a compensation value (R ;) of the C-Plate, so
as to reduce the dark-state light leakage by adjusting the
compensation values of two types of the compensation film.
Thus, the present invention can reduce the dark-state light
leakage of a large viewing angle and increase the contrast and
definition of the large viewing angle.
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LIQUID CRYSTAL DISPLAY AND OPTICAL
COMPENSATION METHOD THEREFOR

FIELD OF THE INVENTION

[0001] Thepresent invention relates to a field of technology
of liquid crystal display and more particularly to a liquid
crystal display and an optical compensation method therefor.

BACKGROUND OF THE INVENTION

[0002] The quality requirement of the liquid crystal display
(LCD) panel is higher and higher with the growing popularity
of the liquid crystal display panel. For example, with the
increasing of the viewing angle of a thin film transistor LCD
(TFT-LCD), the contrast and resolution of the screen thereof
are gradually decreased. It is due to a result that a birefrin-
gence of the liquid crystal molecule in the liquid crystal layer
is changed with the variation of the viewing angle. The dark-
state light leakage can be effectively reduced by a wide view-
ing angle compensation film. A contrast of the screen can be
considerably increased within a specific viewing angle.

[0003] The compensation principle of the compensation
film is generally to correct the phase difference due to differ-
ent viewing angles of the liquid crystal, so that the birefrin-
gence property of the liquid crystal molecule can be sym-
metrically compensated.

[0004] Different compensation films are used for different
liquid crystal display modes, wherein the compensation film
of alarge-size LCD TV is used for a vertical alignment (VA)
display mode, such as the N-TAC of Konica company used in
early stage, the improved Zeonor of OPOTES company, the
F-TAC of Fujitsu company, and the X-Plate of Nitto Denko
company.

[0005] If the compensation values of the compensation
films are different for the same optical path difference of the
liquid crystal, the dark-state light leakage and the contrast of
the large viewing angle are different. Referring to FIG. 1 and
FIG. 2, FIG. 1 is an isoluminance contour diagram of a
traditional technology by using an uniaxial positive birefrin-
gence A-compensation film (A-Plate) and an uniaxial nega-
tive birefringence C-compensation film (C-Plate) to compen-
sate the dark-state light leakage, and FIG. 2 is an equal
contrast ratio contour diagram in full viewing angle of the
traditional technology after being compensated by using the
A-Plate and the C-Plate, wherein the compensation values of
A-Plate and C-Plate are listed as follows:

optical path  pre-tilt angle

difference of  of liquid

liquid crystal crystal A-PlateR, A-PlateR,, C-Plate R,
352.1 nm 89° 109 nm 55 nm 403 nm

[0006] As shown in FIG. 1 and FIG. 2, when the compen-

sation values of A-Plate and C-Plate are used, a serious light
leakage may be generated if watching at a large viewing angle
in a dark state, wherein the contrast of the large viewing angle
becomes poor and the range of the viewing angle is actually
small.

[0007] It is therefore tried to solve the problem, as
described above.
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SUMMARY OF THE INVENTION

[0008] A primary object of the present invention is to pro-
vide a liquid crystal display and an optical compensation
method therefor, which are used to solve the problem of using
the compensation value of the traditional A-Plate and C-Plate
to cause the serious light leakage when watching at a large
viewing angle in a dark state, the contrast of the large viewing
angle becomes poor and the range of the viewing angle is
actual small.

[0009] To achieve the above object, the present invention
provides a liquid crystal display, wherein the liquid crystal
display has a wavelength at 550 nm and a range of an optical
path difference (LC,ND) of the liquid crystal is 342.8
nm=[.C,ND=361.4 nm, the liquid crystal display compris-

ing:
[0010] a first substrate;
[0011] a second substrate;
[0012] a liquid crystal layer disposed between the first

substrate and the second substrate;

[0013] afirst polarizing film disposed on an outer side of
the first substrate;

[0014] asecondpolarizing film disposed on an outer side
of the second substrate;

[0015] an uniaxial positive birefringence A-compensa-
tion film (A-Plate); and

[0016] an uniaxial negative birefringence C-compensa-
tion film (C-Plate), wherein the A-Plate and the C-Plate
are disposed between the first substrate and the first
polarizing film or disposed between the second substrate
and the second polarizing film;

[0017] wherein a valuing range of an in-plane optical
path difference compensation value (R,) of the A-Plate
is 98 nm<R <172 nm, a valuing range of an out-of-plane
optical path difference compensation value (R,;,) of the
A-Plate is 49 nm<R <86 nm; a valuing range of a com-
pensation value (R, ) ofthe C-Plateis Y, =R, <Y, andY,
andY, satisfies the following functions:

Y,=-0.00083.X3+0.22845X2-19.69X+747.33;

Y5=0.00021X3-0.07615X2+7.41.X+92.29;

[0018] wherein X is the out-of-plane optical path difference
compensation value (R,,) of the A-Plate.

[0019] To achieve the above object, the present invention
provides a liquid crystal display, comprising:

[0020] a first substrate;
[0021] a second substrate;
[0022] a liquid crystal layer disposed between the first

substrate and the second substrate;

[0023] afirst polarizing film disposed on an outer side of
the first substrate;

[0024] asecond polarizing film disposed on an outer side
of the second substrate;

[0025] an uniaxial positive birefringence A-compensa-
tion film (A-Plate); and

[0026] an uniaxial negative birefringence C-compensa-
tion film (C-Plate), wherein the A-Plate and the C-Plate
are disposed between the first substrate and the first
polarizing film or disposed between the second substrate
and the second polarizing film;

[0027] wherein a valuing range of an in-plane optical
path difference compensation value (R,) of the A-Plate
is 98 nm<R <172 nm, a valuing range of an out-of-plane
optical path difference compensation value (R,;,) of the
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A-Plate is 49 nm=R,, <-86 nm, a valuing range of a
compensation value (R,,) of the unaxial Negative bire-
fringence C-Plate is Y,<R,,=Y, and Y, and Y, satisfies
the following functions:

Y,=-0.00083X3+0.22845X2-19.69X+747.33;

Y,=0.00021X3-0.07615X2+7.41X+92.29;

[0028] wherein X is the out-of-plane optical path difference
compensation value (R, ) of the A-Plate.

[0029] To achieve the above object, the present invention
provides an optical compensation method for a liquid crystal
display, comprising steps of:

[0030] adjusting a valuing range of an in-plane optical
path difference compensation value (R,) of an uniaxial
positive birefringence A-compensation film (A-Plate) to
98 nm=R <172 nm;

[0031] adjusting a valuing range of an out-of-plane opti-
cal path difference compensation value (R,,) of the
A-Plate to 49 nm=R <86 nm; and

[0032] adjusting a valuing range of a compensation value
R,, of an uniaxial negative birefringence C-compensa-
tion film (C-Plate) to Y,<R,,<Y,, wherein Y, and Y,
satisfies the following functions:

Y, =0.00083X3+0.22845X2-19.69X+747.33;

Y5,=0.00021X3-0.07615X2+7.41.X+92.29;

[0033] wherein X is the out-of-plane optical path difference
compensation value (R,,) of the A-Plate; and the A-Plate and
the C-Plate are disposed between a first substrate and a first
polarizing film of the liquid crystal display or disposed
between a second substrate and a second polarizing film of the
liquid crystal display.

[0034] The present invention reduces the dark-state light
leakage of a large viewing angle by adjusting the compensa-
tion values of the A-Plate and the C-Plate in the liquid crystal
display. The implementation of the present invention can
effectively increase the contract and resolution of the viewing
angle (non-horizontal, large viewing angle of vertical
pretwist angle).

[0035] To allow the contents of the present invention will
become apparent, the preferred embodiments and the draw-
ings are described, as follows:

DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is an isoluminance contour diagram of a
traditional technology by using compensate values of an
A-Plate and a C-Plate to compensate the dark-state light
leakage.

[0037] FIG. 2 s an equal contrast ratio contour diagram in
full viewing angle of the traditional technology after being
compensated by using compensate values of the A-Plate and
the C-Plate.

[0038] FIG. 3 is a structural schematic view of a liquid
crystal display of a first preferred embodiment of the present
invention.

[0039] FIG. 4 is a structural schematic view of a liquid
crystal display of a second preferred embodiment of the
present invention.

[0040] FIG. 5 is a structural schematic view of a liquid
crystal display of a third preferred embodiment of the present
invention.
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[0041] FIG. 6 is a structural schematic view of a liquid
crystal display of a fourth preferred embodiment of the
present invention.

[0042] FIG. 7isavariation curve of the light leakage varied
with retardation value of the liquid crystal display during the
simulation.

[0043] FIG. 8isa variation curve of the light leakage varied
with retardation value of the liquid crystal display during the
simulation.

[0044] FIG. 9 is an isoluminance contour diagram of com-
pensating the dark-state light leakage by using the compen-
sate values of an A-Plate and a C-Plate of a preferred embodi-
ment of the present invention.

[0045] FIG. 10 is an equal contrast ratio contour diagram in
full viewing angle after being compensated by using the
compensate values of the A-Plate and the C-Plate of the
preferred embodiment of the present invention.

[0046] FIG. 11is anisoluminance contour diagram of com-
pensating the dark-state light leakage by using the compen-
sate values of an A-Plate and a C-Plate of another preferred
embodiment of the present invention.

[0047] FIG. 12 1s an equal contrast ratio contour diagram in
full viewing angle after being compensated by using the
compensate values of the A-Plate and the C-Plate of another
preferred embodiment of the present invention.

[0048] FIG. 13 is anisoluminance contour diagram of com-
pensating the dark-state light leakage by using the compen-
sate values of an A-Plate and a C-Plate of further another
preferred embodiment of the present invention.

[0049] FIG. 14 is an equal contrast ratio contour diagram in
full viewing angle after being compensated by using the
compensate values of the A-Plate and the C-Plate of further
another preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0050] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings. Furthermore, directional terms described by
the present invention, such as upper, lower, front, back, left,
right, inner, outer, side, longitudinal/vertical, transverse/hori-
zontal and etc., are only directions by referring to the accom-
panying drawings and thus the used directional terms are used
to describe and understand the present invention, but the
present invention is not limited thereto.

[0051] Referring now to FIG. 3, FIG. 3 is a structural sche-
matic view of a liquid crystal display of a first preferred
embodiment of the present invention.

[0052] The liquid crystal display of the embodiment of the
present invention is preferably a vertical alignment liquid
crystal display (VA-LCD), the wavelength range of the liquid
crystal display is a visible light range (308 nm to 760 nm),
preferably is 550 nm; and a range of an optical path difference
(LCL,ND) of the liquid crystal at 550 nm of the liquid crystal
display is 342.8 nm<LC,ND=<361.4 nm, i.e.[342.8 nm, 361 .4
nm]; arange of a pre-tilt angle of the liquid crystal is 85°<Pre-
tilt angle<90°, i.e. [85°, 90°].

[0053] Referring to FIG. 3, in the first embodiment, the
liquid crystal display comprises a first substrate 31, a second
substrate 32, a liquid crystal layer 33, a first polarizing film
34, a second polarizing film 35, an uniaxial positive birefrin-
gence A-compensation film (A-Plate) 36 and an uniaxial
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negative birefringence C-compensation film (C-Plate) 37.
The liquid crystal layer 33 is disposed between the first sub-
strate 31 and the second substrate 32, the first polarizing film
34 is disposed on an outer side of the first substrate 31, and the
second polarizing film 35 is disposed on an outer side of the
second substrate 32.

[0054] Inaspecific implementation, the A-Plate 36 and the
C-Plate 37 are disposed respectively on two opposite sides of
the liquid crystal layer, and are disposed between the first
substrate 31 and the first polarizing film 34 or disposed
between the second substrate 32 and the second polarizing
film 35.

[0055] Forexample, referring to FI1G. 3, in the first embodi-
ment, the A-Plate 36 is disposed between the first substrate 31
and the first polarizing film 34, and the C-Plate 37 is disposed
between the second substrate 32 and the second polarizing
film 35.

[0056] Referring to FIG. 4, in a second embodiment, the
A-Plate 36 is disposed between the second substrate 32 and
the second polarizing film 35, and the C-Plate 37 is disposed
between the first substrate 31 and the first polarizing film 34.
[0057] Otherwise, in other embodiments, the A-Plate 36
and the C-Plate 37 are disposed respectively on the same side
of the liquid crystal layer and are disposed between the first
substrate 31 and the first polarizing film 34 or disposed
between the second substrate 32 and the second polarizing
film 35.

[0058] Referring to FIG. 5, in a third embodiment, the
A-Plate 36 and the C-Plate 37 are adhered to each other, and
are disposed between the first substrate 31 and the first polar-
izing film 34.

[0059] Referring to FIG. 6, in a fourth embodiment, the
A-Plate 36 and the C-Plate 37 are adhered to each other, and
are disposed between the second substrate 32 and the second
polarizing film 35.

[0060] In the preferred embodiments of the liquid crystal
display as above, an absorption axis ofthe first polarizing film
34 is 0°, and an absorption axis of the second polarizing film
3515 90°; in other embodiments, when the absorption axis of
the first polarizing film 34 is 90° and the absorption axis of the
second polarizing film 35 is 0°, it also can be applied to the
present invention only if a slow axis of the A-Plate 36 or a
slow axis of the C-Plate 37 are perpendicular to an absorption
axis of the polarizing film (first polarizing film 34 or second
polarizing film 35) on the same side of the liquid crystal layer
33.

[0061] Inthe present invention, the dark-state light leakage
is simulated by disposing different compensation values of
the A-Plate and the C-Plate, and the range of the compensa-
tion value corresponding to the dark-state light leakage is
obtained according to the simulation result.

[0062] During the simulation, an included angle of 90° is
set between the slow axes ofthe A-Plate 36 and the C-Plate 37
and the absorption axis of the first polarizing film for obtain-
ing the best compensation effect; and the range of a pre-tilt
angle of the liquid crystal is setin [85°, 90°]; A pretwist angle
of the liquid crystal in the four quadrants is set to 45°; an
optical path difference (LC,ND) of the liquid crystal is set in
[342.8 nm, 361.4 nm]; the light of the simulation is a spec-
trum of Blu-ray YAG (Yttrium Aluminum Garnet) LED,
wherein the central luminance is defined as 100 nit, the light
distribution is Lambert distribution.

[0063] Referring to FIG. 7 and FIG. 8, the simulation result
are shown in the variation curves of the light leakage varied
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with retardation value. As shown in FIG. 7, it is a variation
curves of the light leakage when the optical path difference
(LC,ND) is 342.8 nm, the pre-tilt angle is 89° and 85°, and an
in-plane retardation (R ) and a thickness direction retardation
(R,,) of the A-Plate 36 and a thickness direction retardation
(R,;) of the C-Plate 37 are different values. As shown in FIG.
8, it is a variation curves of the light leakage when the optical
path difference (LC,ND)is 361.4 nm, the pre-tilt angle is 89°
and 85°, and an in-plane retardation (R_) and a thickness
direction retardation (R,,) of the A-Plate 36 and a thickness
direction retardation (R,,) of the C-Plate 37 are different
values. As shown in FIG. 7 and FIG. 8, the A-Plate R, is an
in-plane retardation (R_) of the A-Plate 36, the A-Plate R, is
a thickness direction retardation (R,,,) of the A-Plate, and the
C-Plate R, is a thickness direction retardation (R,,) of the
C-Plate 37.

[0064] The effect of the compensation values of the A-Plate
36 and the C-Plate 37 for the dark-state light leakage is
consistent by the above-mentioned simulation in different
pre-tilt angles, i.e. the range of the compensation values cor-
responding to the minimum value of the dark-state light leak-
age is consistent in different pre-tilt angles. According to the
simulation result, when the optical path difference (LC,ND)
is [342.8 nm, 361.4 nm], the pre-tilt angle is [85°, 90°] and the
dark-state light is less than 0.2 nit (i.e. a simulated dark-state
light leakage when the pre-tilt angle is 89°, not actual mea-
sured value), a corresponding range of the retardation value of
the A-Plate 36 and the C-Plate is described, as follows:

[0065] a valuing range of an in-plane optical path differ-
ence compensation value (R,) of the A-Plate 36 at 550 nm is
98 nm=<R <172 nm, a valuing range of an out-of-plane optical
path difference compensation value (R,,) thereof is 49
nm=R,, <86 nm, a valuing range of a compensation value
(R,,) of the C-Plate 371s Y ;=R ,<Y,, and Y, andY, satisfies
the following functions (1) and (2):

¥,=0.00083X+0.22845X?~19.60X+747.33 1)
¥,70.00021X3-0.07615X2+7.41.X492.29 )
[0066] wherein X is the out-of-plane optical path difference

compensation value (R,;,) of the A-Plate.

[0067] The range of a compensation value is shown, as
follows:
LC,ND A-Plate R, A-Plate Ry, C-Plate Ry,
[342.8 nm, 361.4nm] [98 nm, 172 nm] [49 nm, 86 nm] Y. Y5]

[0068] Specifically, the in-plane optical path difference
compensation value (R,) of the A-Plate 36 and the out-of-
plane optical path difference compensation value (R,,) of the
A-Plate 36 are obtained by the following functions (3) and

*):

R=(NN)xd, G
Ry=[(NAN,Y2-N_jxd, )
[0069] wherein N is a X-directional refractive index of a

maximum refractive index inside the A-Plate 36, N, is a
Y-directional refractive index perpendicular to an in-plane
direction X of the A-Plate 36, N, is a refractive index of a
thickness direction of the A-Plate 36, d, is a thickness of the
A-Plate, and N >N,, N,=N_.
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[0070] the range of the compensation value (R,,) of the
C-Plate is adjusted and obtained by the following function
©F

R l(M+M, ) 2-M, [xd5 &)

[0071] wherein M, is a X-directional refractive index of a
maximum refractive index inside the C-Plate, M, is a Y-di-
rectional refractive index perpendicular to an in-plane direc-
tion X of the C-Plate, M_ is a refractive index of a thickness
direction of the C-Plate, d, is a thickness of the C-Plate, and
M=M,,M>M..

[0072] For example, the embodiments A, B and C are
described below to explain how to adjust the A-Plate 36 and
C-Plate 37 according to the functions (3), (4) and (5), as
follows:

[0073] Embodiment A: when the values of the refractive
indexes (N, N, N, ) ofthe A-Plate 36 are known, a thickness
(d,) of the A-Plate 36 is adjusted, and the valuing range of the
in-plane optical path difference compensation value (R,) of
the A-Plate 36 is adjusted to 98 nm=R_ <172 nm and the
valuing range of the out-of-plane optical path difference com-
pensation value (R ;) is adjusted to 49 nm=R , <86 nm accord-
ing to the functions (3) and (4).

[0074] When the values of the refractive indexes (N, N,
N,) of the C-Plate 37 are known, the thickness (d,) of the
C-Plate 37 is adjusted, and the valuing range of the compen-
sation value (R,,) of the C-Plate 37 is adjusted to Y, <R ,<Y,
according to the function (5).

[0075] Embodiment B: when we the value of the thickness
(d,) of the A-Plate 36 is known, the refractive indexes (N, N,
N,) of the A-Plate 36 are adjusted, and the valuing range of the
in-plane optical path difference compensation value (R,) of
the A-Plate 36 is adjusted to 98 nm=R <172 nm and the
valuing range of the out-of-plane optical path difference com-
pensationvalue (R ;) is adjusted to 49 nm=R , <86 nm accord-
ing to the functions (3) and (4).

[0076] When the value of the thickness (d,) of the C-Plate
37 is known, the refractive indexes (N, N, N_) of the C-Plate
37 are adjusted, and the valuing range of the compensation
value (R,;,) of the C-Plate 37 is adjusted to Y, =R, =Y, accord-
ing to the function (5).

[0077] Embodiment C: firstly, the thickness (d,) and the
refractive indexes (N, N,, N_) of the A-Plate 36 are adjusted;
then, the valuing range of the in-plane optical path difference
compensation value (R,) of the A-Plate 36 is adjusted to 98
nms=R <172 nm and the valuing range of the out-of-plane
optical path difference compensation value (R,,) is adjusted
to 49 nm=R , <86 nm according to the functions (3) and (4).
After this, the thickness (d,) and the refractive indexes (N,
N,, N,) of the C-Plate 37 are adjusted, and the valuing range
of the compensation value (R ;) of the C-Plate 37 is adjusted
t0Y,<R,,<Y, according to the function (5).

[0078] The technical effect of the present invention is
described by the three specific embodiments, as follows:

[0079] Embodiment 1: the setting is an optical path differ-
ence (LC,ND)=352.1 nm, a pre-tilt angle=89°, a compensa-
tion value (R,) of the A-Plate 36=109 nm, a R, thereof=55
nm, and a compensation value (R,,) of the C-Plate 37=226
nm. As shown in FIG. 9, it is an isoluminance contour dia-
gram of the dark-state light leakage corresponding to the
compensation value. As shown in FIG. 10, it is an equal
contrast ratio contour diagram corresponding to full viewing
angle, wherein the compensation values are listed, as follows:
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optical path pre-tilt
difference of the  angle of the
liquid crystal ~ liquid crystal A-Plate R, A-PlateR,; C-Plate Ry,
352.1nm 89° 109 nm 55 mm 226 nm
[0080] Embodiment 2: the setting is an optical path differ-

ence (LC,ND)=352.1 nm, a pre-tilt angle=89°, a compensa-
tion value (R,) of the A-Plate 36=109 nm, a R, thereof=55
nm, and a compensation value (R,,) of the C-Plate 37=266
nm. As shown in FIG. 11, it is an isoluminance contour
diagram of the dark-state light leakage corresponding to the
compensation value. As shown in FIG. 12, it is an equal
contrast ratio contour diagram corresponding to full viewing
angle, wherein the compensation values are listed, as follows:

optical path pre-tilt
difference of the  angle of the
liquid crystal  liquid crystal A-Plate R, A-PlateR,; C-Plate R,
352.1 nm 89° 109 nm 55nm 266 nm
[0081] Embodiment 3: the setting is an optical path differ-

ence (LC,ND)=352.1 nm, a pre-tilt angle=89°, a compensa-
tion value (R,) of the A-Plate 36=109 nm, a R, thereof=55
nm, and a compensation value (R,,) of the C-Plate 37=294
nm. As shown in FIG. 13, it is an isoluminance contour
diagram of the dark-state light leakage corresponding to the
compensation value. As shown in FIG. 14, it is an equal
contrast ratio contour diagram corresponding to full viewing
angle, wherein the compensation values are listed, as follows:

optical path pre-tilt
difference of the  angle of the
liquid crystal ~ liquid crystal A-Plate R, A-PlateR,, C-Plate R,
352.1nm 89° 109 nm 55 nm 294 nm
[0082] The isoluminance contour diagrams of the compen-

sate the dark-state light leakage in FIGS. 9, 11 and 13 of the
present invention are compared with the diagram of the tra-
ditional technology in FIG. 1, we can obtain that the A-Plate
36 and the C-Plate 37 using the compensate values of the
embodiments of the present invention have the maximum of
the dark-state light leakage which is reduced to 0.2 or less and
is far lower than that of the traditional technology (=1.52)
after being compensated.

[0083] The equal contrast ratio contour diagrams of full
viewing angle using the compensate values of the present
invention in FIGS. 10, 12 and 14 are compared with the
diagram ofthe traditional technology in FI1G. 2, we can obtain
that the A-Plate 36 and C-Plate 37 using the compensate
values of the embodiment of the present invention have an
equal contrast ratio distribution of full viewing angle after
being compensated is better than the equal contrast ratio
distribution of full viewing angle of the traditional technol-
ogy. Therefore, the present invention improves the problem
that the dark-state light leakage using the compensation value
of A-Plate and C-Plate of the traditional technology is serious,
so that the contrast and resolution of the large viewing angle
are effectively enhanced.

[0084] The present invention also provides an optical com-
pensation method for a liquid crystal display, which is applied
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to a VA liquid crystal display, wherein the liquid crystal
display has a wavelength range at (380 nm, 760 nm), prefer-
ably is at 550 nm; a range of an optical path difference
(LC,ND) of the liquid crystal at 550 nm is [342.8 nm, 361.4
nm]; and a range of the pre-tilt angle is [85°, 90°]. The liquid
crystal display comprises an A-Plate 36 and a C-Plate 37,
wherein the A-Plate 36 and the C-Plate 37 are disposed
respectively on two opposite sides of the liquid crystal layer
33, and are disposed between the first substrate 31 and the first
polarizing film 34 or disposed between the second substrate
32 and the second polarizing film 35, as shown in FIG. 3 and
FIG. 4. The A-Plate 36 and the C-Plate 37 also can be dis-
posed respectively on the same side of the liquid crystal layer
33, and are disposed between the first substrate 31 and the first
polarizing film 34 or disposed between the second substrate
33 and the second polarizing film 35, as shown in FIG. 5 and
FIG. 6.

[0085] An optical compensation method for a liquid crystal
display of the present invention comprising steps of:

[0086] 1. adjusting a valuing range of an in-plane optical
path difference compensation value (R ) of a A-Plate 36 to 98
nm=R_=172 nm;

[0087] 2.adjusting a valuing range of an out-of-plane opti-
cal path difference compensation value (R ;) of the A-Plate to
49 nm=R ;<86 nm; and

[0088] 3.adjusting a valuing range of'a compensation value
R,, of the C-Plate to Y, <R, <Y,, wherein Y, and Y, satisfies
the following functions:

¥,=0.00083.X°+0.22845X%-19.69X+747.33;

¥5=0.00021.X3-0.07615X%+7 41.X+92.29;

[0089] wherein X is the out-of-plane optical path differ-
ence compensation value (R,;) of the A-Plate 36.

[0090] Itshould benoted that the above-mentioned steps 1,
2 and 3 has no particular orders.

[0091] Intheembodiment, the valuing range of the in-plane
optical path difference compensation value (R,) of the
A-Plate 36 is adjusted to 98 nm<R <172 nm and the valuing
range of the out-of-plane optical path difference compensa-
tion value (R,;,) of the A-Plate 36 is adjusted to 49 nm<R ,<86
nm according to the functions, as follows:

R ANAN)xd
Ry l(N-N,)/2-N,xd;

[0092] wherein N_ isa X-directional refractive index of a
maximum refractive index inside the A-Plate 36, N is a
Y-directional refractive index perpendicular to an in-
plane direction X of the A-Plate 36, N, is a refractive
index of a thickness direction of the A-Plate 36, d, isa
thickness of the A-Plate 36, and N,>N,, N, =N,.

[0093] In the embodiment, the valuing range of the com-
pensation value (R,) of the C-Plate 37 is adjusted to
Y,=<R,,<Y, according to the functions, as follows:

R~ [(M4M,)/2-M_Jxd>;

[0094] wherein M, is a X-directional refractive index of
amaximum refractive index inside the C-Plate 37, M, is
a Y-directional refractive index perpendicular to an in-
plane direction X of the C-Plate 37, M, is a refractive
index of a thickness direction of the C-Plate, d, is a
thickness of the C-Plate 37, and M,.=M,, M,>M..
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[0095] The specific process of adjusting the compensation
value is described for the liquid crystal display hereinbefore,
and thus not mentioned again herein.

[0096] Theembodiments of the present invention is mainly
applied to a liquid crystal display which has a wavelength at
550 nm, a range of an optical path difference (LC,ND) ofthe
liquid crystal is [342.8 nm, 361.4 nm] and the pre-tilt angle is
[85°, 90°], wherein the liquid crystal display has two types of
the optical compensation film, i.e. the A-Plate 36 and the
C-Plate 37, and the dark-state light leakage of large viewing
angle thereof can be reduced by adjusting the compensation
values of the two types of compensation films. Thus, the
present invention can increase the contrast and definition of
the large viewing angle (non-horizontal, a large viewing
angle of vertical pretwist angle).

[0097] The present invention has been described with a
preferred embodiment thereof and it is understood that many
changes and modifications to the described embodiment can
be carried out without departing from the scope and the spirit
of the invention that is intended to be limited only by the
appended claims.

What is claimed is:

1. A liquid crystal display, wherein the liquid crystal dis-
play has a wavelength at 550 nm and a range of an optical path
difference (LC,ND) of the liquid crystal is 342.8
nm=[LC,ND=361.4 nm, the liquid crystal display compris-
ing:

a first substrate;

a second substrate;

a liquid crystal layer disposed between the first substrate

and the second substrate;

a first polarizing film disposed on an outer side of the first

substrate;

a second polarizing film disposed on an outer side of the

second substrate;
an uniaxial positive birefringence A-compensation film
(A-Plate); and

an uniaxial negative birefringence C-compensation film
(C-Plate), wherein the A-Plate and the C-Plate are dis-
posed between the first substrate and the first polarizing
film or disposed between the second substrate and the
second polarizing film;

wherein a valuing range of an in-plane optical path difter-

ence compensation value (R,) of the A-Plate is 98
nms=R <172 nm, avaluing range of an out-of-plane opti-
cal path difference compensation value (R,,) of the
A-Plate is 49 nm=R <86 nm; a valuing range of a com-
pensation value (R,,,) of the C-Plateis Y, <R,, <Y, and Y,
and Y, satisfies the following functions:

¥,==0.00083.X°+0.22845.X°-19.69X+747.33;

¥,=0.00021X3-0.07615X2+7.41 X+92.29;

wherein X is the out-of-plane optical path difference com-

pensation value (R,;) of the A-Plate.

2. The liquid crystal display according to claim 1, wherein
the in-plane optical path difference compensation value (R,)
of the A-Plate and the out-of-plane optical path difference
compensation value (R,,) of the A-Plate are obtained by the
following functions:

R=N-N,)xdy;

Ry =[(NN,)2-N]xd,;
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wherein N_ is a X-directional refractive index of a maxi-
mum refractive index inside the A-Plate, N,, is a Y-direc-
tional refractive index perpendicular to an in-plane
direction X of the A-Plate, N_ is a refractive index of a
thickness direction of the A-Plate, d, is a thickness of the
A-Plate and N >N , N =N
3. The liquid crystal display according to claim 1, wherein
the compensation value (R,;,) of the C-Plate is obtained by the
following function:

R M AM,)2-M Jxd;

wherein M, is a X-directional refractive index of a maxi-
mum refractive index inside the C-Plate, M,, is a Y-di-
rectional refractive index perpendicular to an in-plane
direction X of the C-Plate, M, is a reftactive index of a
thickness direction of the C-Plate, d, is a thickness of the
C-Plate and M,=M , M >M,.

4. The liquid crystal display according to claim 1, wherein
the A-Plate and the C-Plate are disposed respectively on two
opposite sides of the liquid crystal layer and are disposed
between the first substrate and the first polarizing film or
disposed between the second substrate and the second polar-
izing film.

5. The liquid crystal display according to claim 1, wherein
the A-Plate and the C-Plate are disposed respectively on the
same side of the liquid crystal layer and are disposed between
the first substrate and the first polarizing film or disposed
between the second substrate and the second polarizing film.

6. A liquid crystal display, comprising:

a first substrate;

a second substrate;

a liquid crystal layer disposed between the first substrate

and the second substrate;

a first polarizing film disposed on an outer side of the first

substrate;

a second polarizing film disposed on an outer side of the

second substrate;
an uniaxial positive birefringence A-compensation film
(A-Plate); and

an uniaxial negative birefringence C-compensation film
(C-Plate), wherein the A-Plate and the C-Plate are dis-
posed between the first substrate and the first polarizing
film or disposed between the second substrate and the
second polarizing film;

wherein a valuing range of an in-plane optical path differ-

ence compensation value (R,) of the A-Plate is 98
nmsR_ <172 nm, avaluing range of an out-of-plane opti-
cal path difference compensation value (R,,) of the
A-Plate is 49 nm=R , <86 nm, a valuing range of a com-
pensationvalue (R, ) ofthe C-Plateis Y =R, <Y, andY,
and Y, satisfies the following functions:

¥1=-0.00083X3+0.22845X?~19.69X+747.33;

¥,=0.00021.X3-0.07615X%+7.41X+92.29;

wherein X is the out-of-plane optical path difference com-

pensation value (R,,) of the A-Plate.

7. The liquid crystal display according to claim 6, wherein
the in-plane optical path difference compensation value (R,)
of the A-Plate and the out-of-plane optical path difference
compensation value (R,,) of the A-Plate are obtained by the
following functions:

RAN-N,)xdy;

Rp=[(NN,)/2-N,]xd,;
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wherein N_ is a X-directional refractive index of a maxi-
mum refractive index inside the A-Plate, N,, is a Y-direc-
tional refractive index perpendicular to an in-plane
direction X of the A-Plate, N_ is a refractive index of a
thickness direction of the A-Plate, d, is a thickness ofthe
A-Plate and N, >N, N =N_.
8. The liquid crystal display according to claim 6, wherein
the function of the compensation value (R,;,) of the C-Plate is
obtained by the following function:

Ry (MM )2-M Jxd,

wherein M, is a X-directional refractive index of a maxi-
mum refractive index inside the C-Plate, M, is a Y-di-
rectional reftactive index perpendicular to an in-plane
direction X of the C-Plate, M_ is a refractive index of a
thickness direction of the C-Plate, d, is a thickness of the
C-Plate is d; and M.=M,, M,>M..

9. The liquid crystal display according to claim 6, wherein
the A-Plate and the C-Plate are disposed respectively on two
opposite sides of the liquid crystal layer and are disposed
between the first substrate and the first polarizing film or
disposed between the second substrate and the second polar-
izing film.

10. The liquid crystal display according to claim 6, wherein
the A-Plate and the C-Plate are disposed respectively on the
same side of the liquid crystal layer and are disposed between
the first substrate and the first polarizing film or disposed
between the second substrate and the second polarizing film.

11. A optical compensation method for a liquid crystal
display, comprising steps of:

adjusting a valuing range of an in-plane optical path dif-

ference compensation value (R,) of an uniaxial positive
birefringence A-compensation film (A-Plate) to 98
nms=R <172 nm,

adjusting a valuing range of an out-of-plane optical path

difference compensation value (R,;) of the A-Plate to 49
nmsR,, <86 nm; and

adjusting a valuing range of a compensation value R, of an

uniaxial negative birefringence C-compensation film
(C-Plate) to Y,<R,,<Y,, wherein Y, and Y, satisfies the
following functions:

¥,=-0.00083.X3+0.22845.X82-19.69X+747.33;

¥5=0.00021X3-0.07615X°+7.41 X+92.29;

wherein X is the out-of-plane optical path difference com-
pensation value (R,;,) of the A-Plate; and the A-Plate and
the C-Plate are disposed between a first substrate and a
first polarizing film of the liquid crystal display or dis-
posed between a second substrate and a second polariz-
ing film of the liquid crystal display.

12. The method according to claim 11, wherein the steps of
adjusting the valuing range of the in-plane optical path dif-
ference compensation value (R,) of the A-Plate to 98
nm=R =172 nm and adjusting the valuing range of the optical
path difference compensation value (R,;) of the outer side of
the A-Plate to 49 nm=R <86 nm are executed by the follow-
ing functions:

R (NN, xd
Ry~ [(VAN,Y2-N_Jxdy;

wherein N_ is a X-directional refractive index of a maxi-
mum in-plane refractive index of the A-Plate, N, is a
Y-directional refractive index perpendicular to an in-
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plane direction X of the A-Plate, N_ is a refractive index
of a thickness direction of the A-Plate, d, is a thickness
of the A-Plate and N.>N , N =N,.

13. The method according to claim 11, wherein the step of
adjusting a valuing range of the compensation value (R ;) of
the C-Plate to Y, <R, <Y, is executed by the following func-
tion:

Ry=[(MAM,)2-M, Jxd,

wherein M__is a X-directional refractive index of a maxi-
mum in-plane refractive index of the C-Plate, M, is a
Y-directional refractive index perpendicular to an in-
plane direction X of the C-Plate, M, is a refractive index
of the thickness direction of the C-Plate, d, is a thickness
of the C-Plate and M,=M,, M,>M_ .

14. The method according to claim 11, wherein the A-Plate
and the C-Plate are disposed respectively on two opposite
sides of the liquid crystal layer and are disposed between the
first substrate and the first polarizing film or disposed
between the second substrate and the second polarizing film.

15. The method according to claim 11, wherein the A-Plate
and the C-Plate are disposed respectively on the same side of
the liquid crystal layer and are disposed between the first
substrate and the first polarizing film or disposed between the
second substrate and the second polarizing film.

* % % k¥

Mar. 3, 2016



TRAFROE) RBEDRBRERZIMES
NIF(2E)E US20160062165A1
HiES US14/115569

RIFRB(RFR)AGE) RYIHEEXBREARBRLF

RF(EFR)AGE)

HARB(ERNR)AE) RITHEEXBREFRAR.

RYITHEEXBRERERLT.

[FRIRBAA KANG CHIHTSUNG
HAI BO
KBAA KANG, CHIHTSUNG
HAI, BO
IPCHEES GO02F1/13363 G02F1/1335
CPCH#E
R 201310169112.5 2013-05-09 CN
S\EBEEE Espacenet USPTO
BEF)

AERRE-—FOHRERBREXZIMESE , TR TRELEHER
HAKMERE ( A-Plate ) FEHAINITEH CHMEIR ( C-Plate ) FI*M2

& , B RATESafitCRMIMEE (Rth ) WEE , UBEREER
FIMEZENIMEERBE D BEASR . Bt , ]ZA T SO D KA KBS

IR HE AN AR LLENEME.

patsnap

2016-03-03

RiEHR 2013-06-25

GO02F1/13363 G02F2413/11 GO2F1/133634 G02F1/133528 G02B5/3083 G02F2413/02

When LC And=361 4nm, dark-state light leakage"Max is compensated in different Pre-tile

[ 1]

of ,
| [ |
06/ f!ll / 238" Zfd 0 \ 286 302 318 33

// / / f“ | GPlatefth Q\nm)

L1 Pretin=89C A-plate
Ro/Rth=98/49

L2 Pretiit=89C A-Plate
RofRth=115/57

L3 pretin=89; A-Prate
RofAth=144/72

L4 Pretilt=89°C A-late
Ro/Rth=172/86

L3 pretivegs © atate
Ro/Rth=98/43

L6 Pretiit=85 T A-Plate
RofRth=115/57

L7 pretitt=85C Aplate
Ro/Rth=144/72

L8 Ppretit=85 C Ablate
RofAth=172/26



https://share-analytics.zhihuiya.com/view/dffe6bda-df36-45e6-bfa2-0f72978077cf
https://worldwide.espacenet.com/patent/search/family/049011678/publication/US2016062165A1?q=US2016062165A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160062165%22.PGNR.&OS=DN/20160062165&RS=DN/20160062165

