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(57) ABSTRACT

The present invention discloses a liquid crystal display and a
method of optical compensation thereof. Specifically, the
present invention adjusts compensation values of a uniaxial
positive birefringence A-Plate and a uniaxial negative bire-
fringence C-Plate, especially a value range of retardation in a
thickness direction R,;, of the uniaxial negative birefringence
C-Plate is controlled. By adjusting the compensation values
of the above-mentioned two types of compensation films, the
dark-state light leakage phenomenon is suppressed. The
present invention is capable of suppressing the dark-state
light leakage phenomenon at a large viewing angle effectively
and increasing the contrast and clarity at a large viewing
angle.
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LIQUID CRYSTAL DISPLAY AND METHOD
OF OPTICAL COMPENSATION THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play technology, more particularly, to a liquid crystal display
and a method of optical compensation thereof.

[0003] 2. Description of the Related Art

[0004] With the growing popularity of liquid crystal dis-
play panels, the display quality requirements for liquid crystal
display panels have become increasingly demanding. Take
the thin film transistor liquid crystal display (TFT-LCD) as an
example. As the observation angle of the TFT-LCD increases,
the contrast of screen gradually decreases and the screen
clarity also gradually decreases. This is because the birefrin-
gence ofthe liquid crystal molecules in the liquid crystal layer
changes as the observation angle changes. As a result, a wide
viewing angle compensation film is utilized to perform com-
pensation so that dark-state light leakage is effectively
reduced to greatly improve the contrast of the screen within a
certain range of viewing angle.

[0005] The general compensation principle of the compen-
sation film is to correct phase differences generated by liquid
crystal at different viewing angle. Hence, the birefringence of
the liquid crystal molecules is symmetrically compensated.

[0006] For different display modes for the liquid crystal
display, the compensation films adopted are different. In a
large-size LCD TV, the compensation film utilized is mostly
for the vertical alignment (VA) display mode. During an early
stage, N-TAC produced by Konica Corporation is adopted.
Later, with the continuous development, products including
Zeonor from Opotes Corporation, F-TAC series from Fujitsu,
X-Plate from Nitto Denko, etc, are adopted.

[0007] For the same optical path difference of liquid crys-
tal, the dark-state light leakage at a large viewing angle will
differ and the contrast will also differ if the compensation
value of the compensation film is different. Please refer to
FIG. 1 and FIG. 2, FIG. 1 is schematic diagram of an isolu-
minance contour after dark-state light leakage is compen-
sated by utilizing a uniaxial positive birefringence A-Plate
and a uniaxial negative birefringence C-Plate according to the
prior art. FIG. 2 is a schematic diagram of an equal contrast
ratio contour at any viewing angle after being compensated
by utilizing the A-Plate and the C-Plate according to the prior
art. Compensation values for the above-mentioned A-Plate
and the C-Plate are shown in the following table:

Optical path
difference of ~ Pretilt angle of  A-Plate A-Plate C-Plate
liquid crystal liquid erystal Ro Rth Rth
333.5nm 89° 109 nm 55 nm 403 nm
[0008] As shown in FIG. 1 and FIG. 2, it is not difficult to

understand that, when the prior art A-Plate and C-Plate are
adopted, their compensation values result in a severe dark-
state light leakage phenomenon at a large viewing angle. The
contrast at a large viewing angle becomes poor, and the range
of viewing angle is small.

[0009] It is therefore very important to resolve the above-
mentioned technical problems.
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SUMMARY OF THE INVENTION

[0010] The present invention provides a liquid crystal dis-
play and a method of optical compensation thereof to resolve
the technology problems of severe dark-state light leakage
phenomenon at a large viewing angle caused by adopting an
A-plate and a C-plate having compensation values according
to the prior art, poor contrast at a large viewing angle, and
small viewing angle range.

[0011] The present invention provides a liquid crystal dis-
play having a wavelength of 550 nm. A range of an optical
path difference of liquid crystal LCAND of the liquid crystal
display at the wavelength of 550 nm 1is 324.3
nm<[.CAND<342.8 nm. The liquid crystal display com-
prises:

[0012] a first substrate;
[0013] asecond substrate;
[0014] aliquid crystal layer disposed between the first sub-

strate and the second substrate;

[0015] a first polarizer film disposed on an outer side of the
first substrate;
[0016] asecond polarizer film disposed on an outer side of

the second substrate;
[0017] a uniaxial positive birefringence A-Plate; and
[0018] a uniaxial negative birefringence C-Plate, the
uniaxial positive birefringence A-Plate and the uniaxial nega-
tive birefringence C-Plate being disposed between the first
substrate and the first polarizer film or between the second
substrate and the second polarizer film;
[0019] wherein a value range of in-plane retardation R, of
the uniaxial positive birefringence A-Plate is taken as 92
nmsR_<184 nm, a value range of retardation in a thickness
direction R, of the uniaxial positive birefringence A-Plate is
taken as 46 nm=<R ,<92 nm, a value range of retardation in a
thickness direction R,;, of the uniaxial negative birefringence
C-Plate is taken as Y1<R,<Y2, and Y1 and Y2 satisfy the
following equations:

¥1=0.0000826x"-0.022868x°+2.4074x%-114.326x+

2251.5;

F2=-0.00006472x*+0.017705x3~1.8284x2+84.484 35—
1181.17;

[0020] X isavalue of the retardation in the thickness direc-
tion R, of the uniaxial positive birefringence A-Plate.
[0021] The present invention also provides a liquid crystal
display comprising:

[0022] afirst substrate;
[0023] a second substrate;
[0024] a liquid crystal layer disposed between the first

substrate and the second substrate;

[0025] a first polarizer film disposed on an outer side of
the first substrate;

[0026] asecond polarizer film disposed on an outer side
of the second substrate;

[0027] auniaxial positive birefringence A-Plate; and

[0028] a uniaxial negative birefringence C-Plate, the
uniaxial positive birefringence A-Plate and the uniaxial
negative birefringence C-Plate being disposed between
the first substrate and the first polarizer film or between
the second substrate and the second polarizer film;

[0029] wherein a value range of in-plane retardation R,
of the uniaxial positive birefringence A-Plate is taken as
92 nm=R <184 nm, a value range of retardation in a
thickness direction R, of the uniaxial positive birefrin-
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gence A-Plate is taken as 46 nm=R,,<92 nm, a value
range of retardation in a thickness direction R, of the
uniaxial negative birefringence C-Plate is taken as
Y1=R,,<Y2, and Y1 and Y2 satisfy the following equa-
tions:

F1=0.0000826x%-0.022868x%+2.4074x2-114.326x+
2251.5;

¥2=-0.00006472x*+0.017705x>~1.8284x>+84.4843%—
1181.17;

[0030] Xis avalue of the retardation in the thickness direc-
tion R, of the uniaxial positive birefringence A-Plate.
[0031] The present invention further provides a method of
optical compensation for a liquid crystal display. The method
comprises:
[0032] adjusting a value range of in-plane retardation R  of
a uniaxial positive birefringence A-Plate to 92 nm=R <184
nm:
[0033] adjusting a value range of retardation in a thickness
direction R, of the uniaxial positive birefringence A-Plate to
46 nm=R ;<592 nm;
[0034] adjust a value range of retardation in a thickness
direction R, of a uniaxial negative birefringence C-Plate to
Y1=R,=Y2;
[0035]
tions:

wherein Y1 and Y2 satisfy the following equa-

F1=0.0000826x%-0.022868x%+2.4074x%-114.326x+
251.5;

¥2=-0.00006472x*+0.017705x°~1.8284x°+84.4843%—
1181.17;

[0036] Xis avalueof the retardation in the thickness direc-
tion Ry, of the uniaxial positive birefringence A-Plate, the
uniaxial positive birefringence A-Plate and the uniaxial nega-
tive birefringence C-Plate are disposed between a first sub-
strate and a first polarizer film of the liquid crystal display or
between a second substrate and a second polarizer film of the
liquid crystal display.

[0037] In contrast to the prior art, the present invention
adjusts the compensation values of the uniaxial positive bire-
fringence A-Plate and the uniaxial negative birefringence
C-Plate in the liquid crystal display to suppress the dark-state
light leakage phenomenon at a large viewing angle. The
present invention is capable of increasing the contrast and
clarity at a large viewing angle (not the azimuth angle from
the horizontal or vertical direction) effectively.

[0038] These and other features, aspects and advantages of
the present disclosure will become understood with reference
to the following description, appended claims and accompa-
nying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0040] FIG. 1 is a schematic diagram of an isoluminance
contour after dark-state light leakage is compensated by uti-
lizing an A-Plate and a C-Plate according to the prior art.
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[0041] FIG. 2 is a schematic diagram of an equal contrast
ratio contour at any viewing angle after being compensated
by utilizing the A-Plate and the C-Plate according to the prior
art.

[0042] FIG. 3 is aschematic diagram showing a structure of
a liquid crystal display according to a first preferred embodi-
ment of the present invention.

[0043] FIG. 4is aschematic diagram showinga structure of
a liquid crystal display according to a second preferred
embodiment of the present invention.

[0044] FIG. 5isaschematic diagram showinga structure of
aliquid crystal display according to a third preferred embodi-
ment of the present invention.

[0045] FIG. 6 is a schematic diagram showinga structure of
a liquid crystal display according to a fourth preferred
embodiment of the present invention.

[0046] FIG.7isachange curveoflight leakage with respect
to retardation values of the liquid crystal display during simu-
lation process.

[0047] FIG. 8isachange curveoflightleakage withrespect
to retardation values of the liquid crystal display during simu-
lation process.

[0048] FIG. 9 is a schematic diagram of an isoluminance
contour of dark-state light leakage after utilizing an A-Plate
and a C-Plate having compensation values according to an
embodiment of the present invention.

[0049] FIG. 10 is a schematic diagram of an equal contrast
ratio contour at any viewing angle after utilizing the A-Plate
and the C-Plate having the compensation values according to
the embodiment of the present invention.

[0050] FIG. 11 is a schematic diagram of an isoluminance
contour of dark-state light leakage after utilizing an A-Plate
and a C-Plate having compensation values according to
another embodiment of the present invention.

[0051] FIG. 12 is a schematic diagram of an equal contrast
ratio contour at any viewing angle after utilizing the A-Plate
and the C-Plate having the compensation values according to
the another embodiment of the present invention.

[0052] FIG. 13 is a schematic diagram of an isoluminance
contour of dark-state light leakage after utilizing an A-Plate
and a C-Plate having compensation values according to yet
another embodiment of the present invention.

[0053] FIG. 14 is a schematic diagram of an equal contrast
ratio contour at any viewing angle after utilizing the A-Plate
and the C-Plate having the compensation values according to
the yet another embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0054] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures.

[0055] Pleaserefer to FIG. 3, FIG. 3 is a schematic diagram
showing a structure of a liquid crystal display according to a
first preferred embodiment of the present invention.

[0056] According to the embodiment of the present inven-
tion, the liquid crystal display is preferably a vertical align-
ment liquid crystal display. In the visible wavelength range
(380 nm, 760 nm), preferably, 550 nm, a range of an optical
path difference of liquid crystal LCAND of the liquid crystal



US 2015/0248032 Al

display at a wavelength of 550 nm is 3243
nm=[.CAND=342.8 nm, namely the range [324.3 nm, 324.8
nm]. A range of a pretilt angle of liquid crystal is 85°<Pretilt
angle<90°, namely the range [85°, 90°).

[0057] According to the first embodiment shown in FIG. 3,
the liquid crystal display comprises a first substrate 31, a
second substrate 32, a liquid crystal layer 33, a first polarizer
film 34, and a second polarizer film 35. The liquid crystal
display further comprises a uniaxial positive birefringence
A-Plate 36 and a uniaxial negative birefringence C-Plate 37.
The liquid crystal layer 33 is disposed between the first sub-
strate 31 and the second substrate 32. The first polarizer film
34 is disposed on an outer side of the first substrate 31. The
second polarizer film 35 is disposed on an outer side of the
second substrate 32.

[0058] Specifically, the uniaxial positive birefringence
A-Plate 36 and the uniaxial negative birefringence C-Plate 37
may be disposed on two opposite sides of the liquid crystal
layer 33, and are disposed between the first substrate 31 and
the first polarizer film 34 or between the second substrate 32
and the second polarizer film 35.

[0059] For example, according to the first preferred
embodiment shown in FIG. 3, the uniaxial positive birefrin-
gence A-Plate 36 is disposed between the first substrate 31
and the first polarizer film 34. The uniaxial negative birefrin-
gence C-Plate 37 is disposed between the second substrate 32
and the second polarizer film 35.

[0060] According to a second preferred embodiment
shown in FIG. 4, the uniaxial positive birefringence A-Plate
36 is disposed between the second substrate 32 and the second
polarizer film 35. The uniaxial negative birefringence C-Plate
37 is disposed between the first substrate 31 and the first
polarizer film 34.

[0061] Inotherembodiments, the uniaxial positive birefrin-
gence A-Plate 36 and the uniaxial negative birefringence
C-Plate 37 may be disposed on the same side of the liquid
crystal layer 33, and are disposed between the first substrate
31 and the first polarizer film 34 or between the second
substrate 32 and the second polarizer film 35.

[0062] Forexample, according to a third preferred embodi-
ment shown in FIG. 5, the uniaxial positive birefringence
A-Plate 36 is attached to the uniaxial negative birefringence
C-Plate 37 and are disposed between the first substrate 31 and
the first polarizer film 34.

[0063] According to a fourth preferred embodiment shown
in FIG. 6, the uniaxial positive birefringence A-Plate 36 is
attached to the uniaxial negative birefringence C-Plate 37 and
are disposed between the second substrate 32 and the second
polarizer film 35.

[0064] According to the above-mentioned preferred
embodiments of liquid crystal displays, the absorption axis of
the first polarizer film 34 is 0°. The absorption axis of the
second polarizer film 35 is 90°. In other embodiments, the
absorption axis of the first polarizer film 34 is 90°. The
absorption axis of the second polarizer film 35 is 0°. As long
as each of the slow axis of the uniaxial positive birefringence
A-Plate 36 and the slow axis of the uniaxial negative birefrin-
gence C-Plate 37 is respectively perpendicular to the absorp-
tion axis of the polarizer film (the first polarizer film 34 or the
second polarizer film 35) on the same side of the liquid crystal
layer 33, it is applicable to the present invention.

[0065] The present invention simulates the dark-state light
leakage by disposing the uniaxial positive birefringence
A-Plate 36 and the uniaxial negative birefringence C-Plate 37
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having different compensation values. The ranges of compen-
sation values corresponding to the dark-state light leakage are
thus obtained based on simulation results.

[0066] In order to obtain the optimized compensation
effects, during the simulation process, the angle between each
of the slow axis ofthe uniaxial positive birefringence A-Plate
36 and the slow axis of the uniaxial negative birefringence
C-Plate 37 and the absorption axis of their corresponding
polarizer film is first set to 90°. The pretilt angle of liquid
crystal of the liquid crystal display is set within the range
[85°, 90°). The azimuth angle of liquid crystal in four quad-
rants is set to 45° pretwist. The optical path difference of
liquid crystal LCAND is set within the range [324.3 nm, 342.8
nm]. The light source utilized during simulation is a blue
light-YAG (Yttrium Aluminum Garnet) LED spectrum. The
center luminance is defined as 100 nit, and the light source is
in a Lambert distribution.

[0067] Please refer to FIG. 7 and FIG. 8, which are sche-
matic diagrams showing change curves of light leakage with
respect to retardation values, for the simulation results. FIG.
7 is a schematic diagram showing a change curve of light
leakage when in-plane retardation R, and retardation in a
thickness direction R, of the uniaxial positive birefringence
A-Plate 36 and retardation in a thickness direction R, of the
uniaxial negative birefringence C-Plate 37 are taken as dif-
ferent values with the optical path difference of liquid crystal
LCAND being 342.3 nm and the pretilt angle being 89° and
85°. FIG. 8 is a schematic diagram showing a change curve of
light leakage when the in-plane retardation R, and the retar-
dation in the thickness direction R, of the uniaxial positive
birefringence A-Plate 36 and the retardation in the thickness
direction R, of the uniaxial negative birefringence C-Plate 37
are taken as different values with the optical path difference of
liquid crystal LCAND being 342.8 nm and the pretilt angle
being 89° and 85°. InFIG. 7and FIG. 8, A-Plate R, represents
the in-plane retardation R, of the uniaxial positive birefrin-
gence A-Plate 36. A-Plate R, represents the retardation in the
thickness direction R, of the uniaxial positive birefringence
A-Plate 36. C-Plate R, represents the retardation in the thick-
ness direction R, of the uniaxial negative birefringence
C-Plate 37.

[0068] Based on the above-mentioned simulation, it is
derived that at different pretilt angles, the effect of the com-
pensation values of the uniaxial positive birefringence
A-Plate 36 to the dark-state light leakage and the effect of the
compensation value of the uniaxial negative birefringence
C-Plate 37 to the dark-state light leakage follow the same
trend. Namely, at different pretilt angles, the minimum dark-
state light leakage corresponds to the same range of compen-
sation value. According to the simulation results, when the
optical path difference of liquid crystal LCAND is within
[3243 nm, 342.8 nm| and the pretilt angle is within (85°, 90°)
and the dark-state light leakage is less than 0.2 nit (the simu-
lated dark-state light leakage when the pretilt angle is 89°, not
the actual value), corresponding ranges of retardation values
of both the uniaxial positive birefringence A-Plate 36 and the
uniaxial negative birefringence C-Plate 37 are as follows:
[0069] A value range of the in-plane retardation R of the
uniaxial positive birefringence A-Plate 36 at the wavelength
of 550 nm is taken as 92 nm=R <184 nm. A value range ofthe
retardation in the thickness direction R, of the uniaxial posi-
tive birefringence A-Plate 36 at the wavelength of 550 nm is
taken as 46 nm<R ;<92 nm. A value range of the retardation
in the thickness direction R ;, of the uniaxial negative birefrin-
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gence C-Plate 37 is taken as Y1=R ,=Y2. Wherein Y1 and'Y2
satisty the following equations (1) and (2):

¥1=0.0000826x*-0.022868x>+2.4074x%~114.326x+
2251.5 6

¥2=-0.0000647254+0.017705x3~1.8284x2+84.4843x-
1181.17 o)

wherein X in the above equations (1) and (2) is a value of the
retardation in the thickness direction R, of the uniaxial posi-
tive birefringence A-Plate 36.

[0070] The above-mentioned ranges of compensation val-
ues are shown in the following table:

A-Plate A-Plate C-Plate
LCAND Ro Rth Rth
[324.3 nm, 342.8 nm] [92 nm, 184 nm] [46nm, 92 nm] [Y1,Y2]

[0071] Specifically, the ranges of the value of the in-plane
retardation R  and the value of the retardation in the thickness
direction R, ofthe uniaxial positive birefringence A-Plate 36
are adjusted and obtained from the following equations (3)
and (4):

Ro=(Nx-Ny)*d1 3)
Rih=[(Nx+Nv)/2-Nz]*d1 @)

Wherein N_ is the maximum in-plane refractive index of the
uniaxial positive birefringence A-Plate 36 which is a refrac-
tive index in the X direction. N, is the in-plane refractive
index of the uniaxial positive birefringence A-Plate 36
orthogonal to the X direction that is a refractive index in the Y
direction. N_ is a refractive index in a thickness direction of
the uniaxial positive birefringence A-Plate 36. d1 is a thick-
ness of the uniaxial positive birefringence A-Plate 36, and
N>N,, N =N..

[0072] The range of the value of the retardation in the
thickness direction R, of the uniaxial negative birefringence
C-Plate 37 is adjusted and obtained from the following equa-
tion (5):

Rib=[ (M+My)2-Mz]*d2 )

Wherein M, is the maximum in-plane refractive index of the
uniaxial negative birefringence C-Plate 37 which is a refrac-
tive index in the X direction. M,, is the in-plane refractive
index of the uniaxial negative birefringence C-Plate 37
orthogonal to the X direction that is a refractive index in the Y
direction. M, is a refractive index in a thickness direction of
the uniaxial negative birefringence C-Plate 37. d2 is a thick-
ness of the uniaxial negative birefringence C-Plate 37, and
M=M,,M,>M..

[0073] The following three embodiments A, B, and C are
used to further elaborate on how the uniaxial positive bire-
fringence A-Plate 36 and the uniaxial negative birefringence
C-Plate 37 are adjusted based on the above equations (3), (4),
and (5).

[0074] (A). When the values of the refractive indices N,
N,, and N, of the uniaxial positive birefringence A-Plate 36
are known, the thickness d1 of the uniaxial positive birefrin-
gence A-Plate 36 is adjusted. According to equations (3) and
(4), the value range of the in-plane retardation R, of the
uniaxial positive birefringence A-Plate 36 is adjusted to 92
nm=R_=184 nm, and the value range of the retardation in the

Sep. 3, 2015

thickness direction R, of the uniaxial positive birefringence
A-Plate 36 is adjusted to 46 nm=R ,<92 nm.

[0075] When the values of the refractive indices M,, M,
and M, of the uniaxial negative birefringence C-Plate 37 are
known, the thickness d2 of the uniaxial negative birefrin-
gence C-Plate 37 is adjusted. According to equation (5), the
value range of the retardation in the thickness direction R, of
the uniaxial negative birefringence C-Plate 37 is adjusted to
Y1<R,<Y2.

[0076] (B). When the value of the thickness dl of the
uniaxial positive birefringence A-Plate 36 is known, the
refractive indices N, N,, and N, of the uniaxial positive
birefringence A-Plate 36 are adjusted based on equations (3)
and (4). The value range of the in-plane retardation R, of the
uniaxial positive birefringence A-Plate 36 is adjusted to 92
nm=R =184 nm, and the value range of the retardation in the
thickness direction Rd of the uniaxial positive birefringence
A-Plate 36 is adjusted to 46 nm=R ,<92 nm.

[0077] When the value of the thickness d2 of the uniaxial
negative birefringence C-Plate 37 is known, the refractive
indices M,, M, and M, of the uniaxial negative birefringence
C-Plate 37 are adjusted. Based on equation (5), the value
range of the retardation in the thickness direction R, of the
uniaxial negative birefringence C-Plate 37 is adjusted to
Y1<R,<Y2.

[0078] (C). First, both the refractive indices N,, N, and N,
and the thickness d1 of the uniaxial positive birefringence
A-Plate 36 are adjusted. Based on equations (3) and (4), the
value range of the in-plane retardation R, of the uniaxial
positive birefringence A-Plate 36 is adjusted to 92
nm=R_=<184 nm, and the value range of the retardation in the
thickness direction R, of the uniaxial positive birefingence
A-Plate 36 is adjusted to 46 nm=R ;<92 nm. After that, both
the refractive indices M,, M, and M, and the thickness d2 of
the uniaxial negative birefringence C-Plate 37 are adjusted.
Based on equation (5), the value range of the retardation in the
thickness direction R,, of the uniaxial negative birefringence
C-Plate 37 is adjusted to Y1<R , <Y2.

[0079] The following three embodiments 1, 2, and 3 are
used to elaborate on the technology effects of the present
invention.

[0080] (1). To select the optical path difference of liquid
crystal LCAND=333.5 nm, the pretilt angle=89°, the in-plane
retardation R of the uniaxial positive birefringence A-Plate
36=144 nm, the retardation in the thickness direction R, of
the uniaxial positive birefringence A-Plate 36=72 nm, the
retardation in the thickness direction R ;, of the uniaxial nega-
tive birefringence C-Plate 37=195 nm. An isoluminance con-
tour of dark-state light leakage corresponding to the above-
mentioned compensation values is shown in FIG. 9. An equal
contrast ratio contour at any viewing angle corresponding to
the above-mentioned compensation values is shown in FIG.
10. The above-mentioned compensation values are shown in
the following table:

Optical path
difference of ~ Pretilt angle of A-plate A-plate C-plate
liquid crystal liquid crystal Ro Rth Rth
333.5nm 89° 144 nm 72 nm 195 nm
[0081] (2). To select the optical path difference of liquid

crystal LCAND=333.5 nm, the pretilt angle=89°, the in-plane
retardation R of the uniaxial positive birefringence A-Plate
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36=144 nm, the retardation in the thickness direction R, of
the uniaxial positive bireftingence A-Plate 36=72 nm, the
retardation in the thickness direction R, of the uniaxial nega-
tive birefringence C-Plate 37=230 nm. An isoluminance con-
tour of dark-state light leakage corresponding to the above-
mentioned compensation values is shown in FIG. 11. An
equal contrast ratio contour at any viewing angle correspond-
ing to the above-mentioned compensation values is shown in
FIG. 12. The above-mentioned compensation values are
shown in the following table:

Optical path
difference of ~ Pretilt angle of  A-plate A-plate C-plate
liquid crystal liquid erystal Ro Rth Rth
333.5nm 89° 144 nm 72 nm 230 nm
[0082] (3). To select the optical path difference of liquid

crystal LCAND=333.5 nm, the pretilt angle=89°, the in-plane
retardation R, of the uniaxial positive birefringence A-Plate
36=144 nm, the retardation in the thickness direction R, of
the uniaxial positive birefringence A-Plate 36=72 nm, the
retardation in the thickness direction R, of the uniaxial nega-
tive birefringence C-Plate 37=282 nm. An isoluminance con-
tour of dark-state light leakage corresponding to the above-
mentioned compensation values is shown in FIG. 13. An
equal contrast ratio contour at any viewing angle correspond-
ing to the above-mentioned compensation values is shown in
FIG. 14. The above-mentioned compensation values are
shown in the following table:

Optical path
difference of ~ Pretilt angle of  A-plate A-plate C-plate
liquid crystal liquid erystal Ro Rth Rth
333.5nm 89° 144 nm 72 nm 282 nm
[0083] The schematic diagrams of the isoluminance con-

tours of dark-state light leakage after utilizing the A-Plate and
the C-Plate having the compensation values according to the
embodiments of the present invention, namely FIG. 9, FIG.
11, and FIG. 13, are compared with that after utilizing the
A-Plate and the C-Plate according to the prior art, namely
FIG. 1. The maximum dark-state light leakage after being
compensated by the uniaxial positive birefringence A-Plate
36 and the uniaxial negative birefringence C-Plate 37 having
the compensation values according to the embodiments of the
present invention is reduced to within 0.2, much lower than
1.89 according to the prior art.

[0084] The schematic diagrams of the equal contrast ratio
contours at any viewing angle after utilizing the A-Plate and
the C-Plate having the compensation values according to the
embodiments of the present invention, namely FIG. 10, FIG.
12, and FIG. 14, are compared with that after utilizing the
A-Plate and the C-Plate according to the prior art, namely
FIG. 2. The contrast ratio contours at any viewing angle after
being compensated by the uniaxial positive birefringence
A-Plate 36 and the uniaxial negative birefringence C-Plate 37
having the compensation values according to the embodi-
ments of the present invention is better that after being com-
pensated according to the prior art. Hence, the present inven-
tion improves the severe dark-state light leakage
phenomenon caused by adopting the A-plate and the C-plate
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having the compensation values according to the prior art. As
aresult, the contrast and clarity at a large viewing angle (not
the azimuth angle from the horizontal or vertical direction) is
effectively increased.

[0085] The present invention further provides a method of
optical compensation for a liquid crystal display. The method
is for the vertical alignment liquid crystal display, and in the
visible wavelength range (380 nm, 760 nm), preferably 550
nm, a range of an optical path difference of liquid crystal
LCAND of the liquid crystal display at a wavelength of 550
nmis [324.3 nm, 324.8 nm]. A range of a pretilt angle of liquid
crystal is [85°, 90°). The liquid crystal display comprises a
uniaxial positive birefringence A-Plate 36 and a uniaxial
negative birefringence C-Plate 37. The uniaxial positive bire-
fringence A-Plate 36 and the uniaxial negative birefringence
C-Plate 37 are disposed on opposite sides of the liquid crystal
layer 33 and are disposed between the first substrate 31 and
the first polarizer film 34 or between the second substrate 32
and the second polarizer film 35, for example, please refer to
FIG. 3 and FIG. 4. The uniaxial positive birefringence A-Plate
36 and the uniaxial negative birefringence C-Plate 37 may be
disposed on the same side of the liquid crystal layer 33 and are
disposed between the first substrate 31 and the first polarizer
film 34 or between the second substrate 32 and the second
polarizer film 35, for example, please refer to FIG. 5 and FIG.
6.

[0086] The method of optical compensation for the liquid
crystal display according to an embodiment of the present
invention comprises:

[0087] (I).Adjustavalue range ofin-plane retardation R | of
the uniaxial positive birefringence A-Plate 36 to 92
nm=R =184 nm.

[0088] (II). Adjust a value range of retardation in a thick-
ness direction R, of the uniaxial positive birefringence
A-Plate 36 to 46 nm=R ,<92 nm.

[0089] (III). Adjust a value range of retardation in a thick-
ness direction R,, of the uniaxial negative birefringence
C-Plate 37to Y1=R,,=Y2.

Wherein:
[0090]

¥1=0.0000826x*-0.02286817+2.4074x°~114.326x+
2251.5;

¥2=-0.00006472x*+0.017705x°~1.8284x°+84.4
843x-1181.17;

X is a value of the retardation in the thickness direction R, of
the uniaxial positive birefringence A-Plate 36. It should be
noted that the above-mentioned steps are in no particular
order.

[0091] Specifically, the adjustment of the value range of the
in-plane retardation R, of the uniaxial positive birefringence
A-Plate 36 to 92 nm=<R <184 nm and the adjustment of the
value range of the retardation in the thickness direction R, of
the uniaxial positive birefringence A-Plate 36 to 46
nm=R,;,<92 nm are based on the following equations:

Ro-(Nx-Ny)*dl;

Rib=[(Nx+Ny)/2-Nz]*d1,

[0092] where N is the maximum in-plane refractive index
of the uniaxial positive birefringence A-Plate 36 which is a
refractive index in the X direction. N, is the in-plane refrac-
tive index of the uniaxial positive birefringence A-Plate 36
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orthogonal to the X direction that is a refractive index in the Y
direction. N, is a refractive index in a thickness direction of
the uniaxial positive birefringence A-Plate 36. d1 is a thick-
ness of the uniaxial positive birefringence A-Plate 36, and
N>N,, N =N..

[0093] Specifically, the adjustment of the value range of the
retardation in the thickness direction R, of the uniaxial nega-
tive birefringence C-Plate 37 to Y1=R,,<Y2 is based on the
following equation:

Rib=[ (My+M)2-Mz] *d2,

[0094] where M, is the maximum in-plane refractive index
of the uniaxial negative birefringence C-Plate 37 which is a
refractive index in the X direction. M, is the in-plane refrac-
tive index of the uniaxial negative birefringence C-Plate 37
orthogonal to the X direction that is a refractive index in the Y
direction. M, is a refractive index in a thickness direction of
the uniaxial negative birefringence C-Plate 37. d2 is a thick-
ness of the uniaxial negative birefringence C-Plate 37, and
M=M,, M, >M,.

[0095] For the specific adjustment process of the compen-
sation values, please refer to the above detailed description of
the liquid crystal display. Further description is not elaborated
here.

[0096] The embodiments of the present invention are
mainly for two types of optical compensation films: the
uniaxial positive birefringence A-Plate and the uniaxial nega-
tive birefringence C-Plate that are utilized when the range of
the optical path difference of liquid crystal LCAND of the
liquid crystal display at the wavelength of 550 nm is [324.3
nm, 324.8 nm| and the range of the pretilt angle of liquid
crystal is [85°, 90°). By adjusting the compensation values of
the above-mentioned two types of compensation films, the
dark-state light leakage phenomenon at a large viewing angle
is suppressed. The present invention is capable of increasing
the contrast and clarity at a large viewing angle (not the
azimuth angle from the horizontal or vertical direction) effec-
tively.

[0097] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be con-
strued as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A liquid crystal display, a range of an optical path dif-
ference of liquid crystal LCAND of the liquid crystal display
at a wavelength of 550 nm being 324.3 nm<L.CAND=342.8
nm, the 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 polarizer film disposed on an outer side of the first

substrate;

a second polarizer film disposed on an outer side of the

second substrate;

a uniaxial positive birefringence A-Plate; and

a uniaxial negative birefringence C-Plate, the uniaxial

positive birefringence A-Plate and the uniaxial negative
birefringence C-Plate being disposed between the first
substrate and the first polarizer film or between the sec-
ond substrate and the second polarizer film;
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wherein a value range of in-plane retardation R, of the
uniaxial positive birefringence A-Plate is taken as 92
nm=R_=<184 nm, a value range of retardation in a thick-
ness direction R, of the uniaxial positive birefringence
A-Plate is taken as 46 nm=R ;<92 nm, a value range of
retardation in a thickness direction R, of the uniaxial
negative birefringence C-Plate is taken as Y1<R,,<Y?2,
and Y1 and Y2 satisfy the following equations:

¥1=0.0000826x%-0.0228681>+2.4074x°-114.326x+
2251.5;

¥2=—0.00006472x*+0.017705x°~1.8284x+84.4843x—
1181.17;

X is avalue of the retardation in the thickness direction R,

of the uniaxial positive birefringence A-Plate.

2. The liquid crystal display as claimed in claim 1, wherein
the ranges of the value of the in-plane retardation R, and the
value of the retardation in the thickness direction R, of the
uniaxial positive birefringence A-Plate are adjusted and
obtained from the following equations:

Ro-(Nx-Ny)*dl;

Rih=[(Nx+Nv)/2-Nz]*d1;

wherein N, is the maximum in-plane refractive index of the
uniaxial positive birefringence A-Plate which is a refrac-
tive index in the X direction, N, is the in-plane refractive
index of the uniaxial positive birefringence A-Plate
orthogonal to the X direction that is a refractive index in
the Y direction, N, is a refractive index in a thickness
direction of the uniaxial positive birefringence A-Plate,
dl is a thickness of the uniaxial positive birefringence
A-Plate, and N,>N,, N,=N_.

3. The liquid crystal display as claimed in claim 1, wherein
the range of the value of the retardation in the thickness
direction R, of the uniaxial negative birefringence C-Plate is
adjusted and obtained from the following equation:

Rib=[ (M+M)2-Mz] *d2;

wherein M, is the maximum in-plane refractive index of
the uniaxial negative birefringence C-Plate which is a
refractive index in the X direction, M, is the in-plane
refractive index of the uniaxial negative birefringence
C-Plate orthogonal to the X direction that is a refractive
index in the Y direction, M_ is a refractive index in a
thickness direction of the uniaxial negative birefrin-
gence C-Plate, d2 is a thickness of the uniaxial negative
birefringence C-Plate, and M,=M , M, >M, .

4. The liquid crystal display as claimed in claim 1, wherein
the uniaxial positive birefringence A-Plate and the uniaxial
negative birefringence C-Plate are disposed on two opposite
sides of the liquid crystal layer, and are disposed between the
first substrate and the first polarizer film or between the sec-
ond substrate and the second polarizer film.

5. The liquid crystal display as claimed in claim 1, wherein
the uniaxial positive birefringence A-Plate and the uniaxial
negative birefringence C-Plate are disposed on the same side
of the liquid crystal layer, and are disposed between the first
substrate and the first polarizer film or between the second
substrate and the second polarizer 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;
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a first polarizer film disposed on an outer side of the first
substrate;

a second polarizer film disposed on an outer side of the
second substrate;

a uniaxial positive birefringence A-Plate; and

a uniaxial negative birefringence C-Plate, the uniaxial
positive birefringence A-Plate and the uniaxial negative
birefringence C-Plate being disposed between the first
substrate and the first polarizer film or between the sec-
ond substrate and the second polarizer film;

wherein a value range of in-plane retardation R, of the
uniaxial positive birefringence A-Plate is taken as 92
nmsR_=<184 nm, a value range of retardation in a thick-
ness direction R, of the uniaxial positive birefringence
A-Plate is taken as 46 nm=R,,<92 nm, a value range of
retardation in a thickness direction R,;, of the uniaxial
negative birefringence C-Plate is taken as Y1<R,, <Y2,
and Y1 and Y2 satisfy the following equations:

¥1=0.0000826x*-0.022868x°+2.4074x%~114.326x+
2251.5;

F2=—0.00006472x*+0.017705x3~1.8284x2+84.484 33—
1181.17;

X is a value of the retardation in the thickness direction R,

of the uniaxial positive birefringence A-Plate.

7. The liquid crystal display as claimed in claim 6, wherein
the ranges of the value of the in-plane retardation R, and the
value of the retardation in the thickness direction R, of the
uniaxial positive birefringence A-Plate are adjusted and
obtained from the following equations:

Ro=(Nx-Ny)*dl;

Reh=[(Nx+Ny)/2-Nz] *d1;

wherein N, is the maximum in-plane refractive index of the
uniaxial positive birefringence A-Plate whichis a refrac-
tive index in the X direction, N, is the in-plane refractive
index of the uniaxial positive birefringence A-Plate
orthogonal to the X direction that is a refractive index in
the Y direction, N, is a refractive index in a thickness
direction of the uniaxial positive birefringence A-Plate,
dl is a thickness of the uniaxial positive birefringence
A-Plate, and N, >N , N =N..

8. The liquid crystal display as claimed in claim 6, wherein
the range of the value of the retardation in the thickness
direction R, of the uniaxial negative birefringence C-Plate is
adjusted and obtained from the following equation:

Reh=[(Mx+My)/2-Mz]*d2;

wherein M is the maximum in-plane refractive index of
the uniaxial negative birefringence C-Plate which is a
refractive ndex in the X direction, M,, is the in-plane
refractive index of the uniaxial negative birefringence
C-Plate orthogonal to the X direction that is a refractive
index in the Y direction, M_ is a refractive index in a
thickness direction of the uniaxial negative birefrin-
gence C-Plate, d2 is a thickness of the uniaxial negative
bireftingence C-Plate, and M,=M , M,.>M,.

9. The liquid crystal display as claimed in claim 6, wherein
the uniaxial positive birefringence A-Plate and the uniaxial
negative birefringence C-Plate are disposed on two opposite
sides of the liquid crystal layer, and are disposed between the
first substrate and the first polarizer film or between the sec-
ond substrate and the second polarizer film.
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10. The liquid crystal display as claimed in claim 6,
wherein the uniaxial positive birefringence A-Plate and the
uniaxial negative birefringence C-Plate are disposed on the
same side of the liquid crystal layer, and are disposed between
the first substrate and the first polarizer film or between the
second substrate and the second polarizer film.

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

adjusting a value range of in-plane retardation R, of a

uniaxial positive birefringence A-Plate to 92
nm=R <184 nm;
adjusting a value range of retardation in a thickness direc-
tion R,;, of the uniaxial positive birefringence A-Plate to
46 nm=R ;<92 nm; and

adjust a value range of retardation in a thickness direction
Rib of a uniaxial negative birefringence C-Plate to
Y1=<R,<Y2;

wherein Y1 and Y2 satisfy the following equations:

¥1=0.0000826x*-0.022868x°+2.4074x°~114.326x+
2251.5;

12=-0.000064725"+0.017705x3~1.8284x2+84 48435
1181.17;

X is avalue of the retardation in the thickness direction R,
of the uniaxial positive birefringence A-Plate, the
uniaxial positive birefringence A-Plate and the uniaxial
negative birefringence C-Plate are disposed between a
first substrate and a first polarizer film of the liquid
crystal display or between a second substrate and a sec-
ond polarizer film of the liquid crystal display.

12. The method of optical compensation as claimed in
claim 11, wherein the adjustment of the value range of the
in-plane retardation R, of the uniaxial positive birefringence
A-Plateto 92 nm=R <184 nm and the adjustment of the value
range of the retardation in the thickness direction R, of the
uniaxial positive birefringence A-Plate to 46 nm=R ,<92 nm
are based on the following equations:

Ro=(Nx-Ny)*dl;

Rith-[(Nx+Ny)/2-NzJ*d1;

wherein N, is the maximum in-plane refractive index of the
uniaxial positive birefringence A-Plate which is a refrac-
tive index in the X direction, N, is the in-plane reftactive
index of the uniaxial positive birefringence A-Plate
orthogonal to the X direction that is a refractive index in
the Y direction, N, is a refractive index in a thickness
direction of the uniaxial positive birefringence A-Plate,
dl is a thickness of the uniaxial positive birefringence
A-Plate, and N. >N , N =N..

13. The method of optical compensation as claimed in
claim 11, wherein the adjustment of the value range of the
retardation in the thickness direction R, of the uniaxial nega-
tive birefringence C-Plate to Y1=R,,<Y?2 is based on the
following equation:

Rih=[ (Mx+My)2-Mz] *d2;

wherein M, is the maximum in-plane refractive index of
the uniaxial negative birefringence C-Plate which is a
refractive index in the X direction, M,, is the in-plane
refractive index of the uniaxial negative birefringence
C-Plate orthogonal to the X direction that is a refractive
index in the Y direction, M, is a refractive index in a
thickness direction of the uniaxial negative birefrin-
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gence C-Plate, d2 is a thickness of the uniaxial negative
bireftingence C-Plate, and M,=M , M,>M,.

14. The method of optical compensation as claimed in
claim 11, wherein the uniaxial positive birefringence A-Plate
and the uniaxial negative birefringence C-Plate are disposed
on two opposite sides of a liquid crystal layer, and are dis-
posed between the first substrate and the first polarizer film or
between the second substrate and the second polarizer film.

15. The method of optical compensation as claimed in
claim 11, wherein the uniaxial positive birefringence A-Plate
and the uniaxial negative birefringence C-Plate are disposed
on the same side of a liquid crystal layer, and are disposed
between the first substrate and the first polarizer film or
between the second substrate and the second polarizer film.

* % % k¥
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