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1

LIQUID CRYSTAL DISPLAY SCREEN AND
DISPLAY DEVICE

FIELD OF THE INVENTION

The present invention relates to liquid crystal display tech-
nology, and in particular, to a liquid crystal display screen and
a display device.

BACKGROUND OF THE INVENTION

The In-Plane Switching (IPS) technology is a wide-view-
ing angle technology applied to liquid crystal display (LCD),
which is widely used in manufacturing LCD television to
improve the viewing angle effectively. As shown in FIG. 1, an
electrode structure of such LCD television includes first elec-
trodes 101 and second electrodes 102, and the liquid crystal
molecules in the IPS-mode display are arranged in parallel
with each other when no voltage is applied to the electrode
structure.

The Advanced Super Dimension Switch (ADS) technol-
ogy is a core technology of planar-electric-field wide-viewing
angle, in which a multidimensional electric field is formed by
an electric field generated from the edges of the slit electrodes
located in a same plane and an electric field generated
between the slit electrode layer and the plate electrode layer,
so that all the liquid crystal molecules located among the slit
electrodes and located right over the slit electrodes in the
liquid crystal cell can rotate. Thus, both the operating effi-
ciency and the transmission efficiency of the liquid crystal
material are improved. With the ADS technology, the TFT-
LCD product has the advantages of improved picture quality,
high resolution, high transmittance, low power consumption,
wide viewing angle, high aperture ratio, low chromatic aber-
ration, no squeezing water ripples, etc. For different applica-
tions, the improved ADS technologies include high-transmit-
tance I-ADS technology, high-aperture ratio H-ADS
technology and high-resolution S-ADS technology, and so
on. As shown in FIG. 2, the electrode structure of ADS-mode
LCD screen comprises a color filter (CF) substrate 201, array
substrate including a plural of thin film transistors (TFTs)
(hereinafter referred as thin film transistor substrate or TFT
substrate) 205 disposed opposite to the CF substrate 201, and
a first electrode 204, an insulating layer 203 and second
electrodes 202, which are disposed between the CF substrate
201 and the TFT substrate 205 in this order, from bottom to
top. Similar to that in the IPS-mode LCD screen, the liquid
crystal molecules in the ADS-mode LCD screen are also
arranged in parallel with each other when no voltage is
applied to the electrode structure.

In order to enable the LCD screen to forming images, it is
necessary to provide a polarizing layer to the upper side and
the lower side of the liquid crystal cell (including the TFT
substrate and the CF substrate opposite to each other, and the
liquid crystal layer between the TFT substrate and the CF
substrate), respectively, that is, a first polarizing layer located
atthe TFT substrate side and a second polarizing layer located
at the CF substrate side. In both the IPS-mode and the ADS-
mode LCD screens, the transmission axis of the first polariz-
ing layer is perpendicular to the transmission axis of the
second polarizing layer, and parallel to the absorption axis of
the second polarizing layer. When not being applied with
power, the polarized light transmitting through the first polar-
izing layer is absorbed by the second polarizing layer com-
pletely. However, light leakage may occur in both the IPS-
mode and the ADS-mode LCD screens. For example, in the
case that the azimuth angle of the incident light with respect
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to the polarizing layer is 45°, and the polar angle of the
incident light with respect to the polarizing layer is 60°, the
light leakage is most severe. The principle of the light leakage
will be described with reference to FIG. 3. The light leakage
results from that, when the light transmits along above direc-
tions, the transmission axes of the polarizing layers at the
upper and the lower sides of the liquid crystal cell are not
orthogonal to each other, and the direction of the light axis of
the liquid crystal molecules is changed to some extent.

In the following description, such change will be described
by using the Poincare Sphere. The Poincare Sphere is a math-
ematic model invented by the Jules Henri Poincaré in 1892. In
the stokes space, it is introduced the normalized radius SO0=1;
S0?=S1%+82%+83% wherein S1, S2 and S3 correspond to the
coordinates x, y and z of the solid sphere respectively, and are
used to represent the polarization state of the light. Any one
point on the sphere corresponds to a certain polarization state
of the completely polarized light with unit intensity. The
points at the equator of the Poincare Sphere represent linearly
polarized light, the upper and lower poles correspond to right-
circularly polarized light and left-circularly polarized light
respectively, and other points correspond to elliptically polar-
ized light. The polarized lights corresponding to the points at
the same longitude on the Poincare Sphere have identical
polarized directions.

As shown in FIG. 3, when the incident light is incident into
the first polarizing layer at a polar angle of 60 degree and an
azimuth angle of 45 degree, the transmission axis of the first
polarizing layer on the TFT substrate side will deflect to the
point T in the figure, while the absorption axis of the second
polarizing layer on the CF substrate side will deflect to the
point A in the figure. Since the transmission axis of the first
polarizing layer and the absorption axis of the second polar-
izing layer do not consist with each other any more, and the
light axis of the liquid crystal molecules also deflect by a
certain angle at the same time, the polarized light transmitting
through the first polarizing layer cannot be absorbed by the
second polarizing layer completely, and thus the light leakage
occurs.

Nowadays, the wide-viewing angle optical compensation
for the ADS-mode and IPS-mode LCD screens has been
widely applicable. However, the existing optical compensa-
tion methods each only works for a certain display mode of
the LCD screen. The display modes of the ADS-mode and
IPS-mode LCD screens may be classified into an E mode, an
O mode and a multi domain mode. In an E-mode LCD screen,
the direction of the slow axis of the liquid crystal molecules
consists with the direction of the transmission axis of the first
polarizing layer on the TFT substrate side. Inan O-mode LCD
screen, the direction of the slow axis of the liquid crystal
molecules consists with the direction of the transmission axis
of the second polarizing layer on the CF substrate side. The
multi domain mode is a mixed mode formed by the E mode
and the O mode. For an E-mode LCD screen, the compensa-
tion film should be disposed between the TFT substrate and
the first polarizing layer on the TFT substrate side. For an
O-mode LCD screen, the compensation film should be dis-
posed between the CF substrate and the second polarizing
layer on the CF substrate side. For the multi domain mode,
there is still no any proper optical compensation method
nowadays. The reasons are presented as follows.

In the E-mode liquid crystal display screen, the transmis-
sion axis of the first polarizing layer and the slow axis of the
liquid crystal molecule will deflect to the point A shown in
FIG. 3 since the slow axis of the liquid crystal molecule
consists with the transmission axis of the first polarizing layer
in direction. In this case, the compensation may be achieved
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only by performing compensation such that the polarization
direction of the polarized light incident from the TFT sub-
strate side is changed from the point T to the point A before
the polarized light incident from the TFT substrate side trans-
mits through the liquid crystal material. The liquid crystal
material without being applied with voltage will not change
the polarization direction of the polarized light, which
enables the polarized light having transmitted through the
liquid crystal material to be directly absorbed by the second
polarizing layer on the CF substrate side. The optical-com-
pensated structure for the E-mode liquid crystal display
screen is shown in FIG. 4.

In the E-mode liquid crystal display screen, the optical axis
ofthe liquid crystal molecule will deflect to the point T shown
in FIG. 3. The polarization direction of the polarized light
incident from the TFT substrate side still directs to the point
T after the polarized light incident from the TFT substrate
side transmits through the liquid crystal material. The liquid
crystal material without being applied with voltage will not
change the polarization direction of the polarized light.
Accordingly, if the polarization direction of the polarized
light is compensated to change from the point T to the point A
after the polarized light transmits through the liquid crystal
material, it can ensure that the light incident to the second
polarizing layer may be completely absorbed. The optical-
compensated structure for the O-mode liquid crystal display
screen is shown in FIG. 5.

The multi domain-mode liquid crystals of IPS mode and
ADS mode liquid crystal display screens may be classified
into two types. In one type of the liquid crystal, the liquid
crystal molecules have two initial orientations perpendicular
to each other, and may be obtained by way of the optical
orientation. In the other type of the liquid crystal, the liquid
crystal molecules have a unique initial orientation and may be
obtained by ways of the ordinary film orientation and the
optical orientation, in which there is a certain angle between
the electrodes. Despite of the type of the multi domain-mode
liquid crystal, a method for optically compensating the light
leakage has not been proposed for the LCD with multi
domain-mode liquid crystal since it is a mixture mode of E-
and O-modes.

In general, the methods for optically compensating the
light leakage are different between the LCD of E-mode and
that of O-mode at present. Furthermore, it has not been pro-
posed an optical compensation method for the LCD with
multi domain-mode liquid crystal formed by E-mode and
O-mode liquid crystal.

SUMMARY OF THE INVENTION

The embodiments of the invention provide a LCD screen
and a display device which can achieve compensation for the
light leakage occurring in any of the LCD screens of E mode,
of O mode and of multi-domain mode formed by E mode and
O mode.

A liquid crystal display (LCD) screen comprises a thin film
transistor (TFT) substrate, a color filter (CF) substrate, liquid
crystal layer disposed between the TFT substrate and the CF
substrate, a first polarizing layer at outer side of the TFT
substrate, and a second polarizing layer at outer side of the CF
substrate, wherein it further comprises:

a first optical compensation film disposed between the first
polarizing layer and the TFT substrate, a slow axis of which is
parallel or perpendicular to a transmission axis of the first
polarizing layer, the first optical compensation film being
configured to compensate a polarized light obtained from
light non-normally incident into the first polarizing layer so
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that the polarized light becomes a first elliptically polarized
light, polarization direction of the first elliptically polarized
light is the same as that of a polarized light obtained from light
incident into the first polarizing layer at an azimuth angle of
90 degree;

a second optical compensation film disposed between the
second polarizing layer and the CF substrate, a slow axis of
which is perpendicular to the slow axis of the first optical
compensation film, a refractive index and a phase retardation
of the second optical compensation film are the same as those
of the first optical compensation respectively, and

the liquid crystal layer configured to convert the first ellip-
tically polarized light into a second elliptically polarized
light, with its polarization direction consistent with that ofthe
first elliptically polarized light and its rotation direction oppo-
site to that of the first elliptically polarized light.

A display device comprises a LCD screen provided by any
one of the embodiment of the invention.

The embodiments of the invention provide a LCD screen
and a display device which utilize the characteristics that the
liquid crystal material will not change the polarization direc-
tion of the polarized light obtained from light incident into the
first polarizing layer at an azimuth angle of 90 degree, and that
the transmission axis of the first polarizing layer and the
absorption axis of the second polarizing layer will deflect in
opposite directions and by identical magnitude if the light is
incident into the first polarizing layer. Based on such charac-
teristics, a first and a second optical compensation films are
disposed on each side of the liquid crystal layer, respectively.
A polarized light obtained from light non-normally incident
into a first polarizing layer is compensated by means of the
first optical compensation film so that the polarized light
becomes a first elliptically polarized light. Also, by means of
the phase retardation function of the liquid crystal, the first
elliptically polarized light is converted into a second ellipti-
cally polarized light with its polarization direction consistent
with that of the first elliptically polarized light and its rotation
direction opposite to that of the first elliptically polarized
light. Then, by means of the second optical compensation
film, the second elliptically polarized light is compensated
into a polarized light capable of being absorbed completely
by a second polarizing layer. Thus, compensation for the light
leakage occurring in any of the LCD screens of E mode, of O
mode and of multi domain mode formed by E mode and O
mode is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an electrode structure of the [PS-mode LCD
screen according to the prior art;

FIG. 2 shows an electrode structure of the ADS-mode LCD
screen according to the prior art;

FIG. 3 is a schematic diagram illustrating the deflection of
the transmission axis of the first polarizing layer and the
deflection of the absorption axis of the second polarizing
layer when the incident light is incident into the first polariz-
ing layer at a polar angle of 60 degree and a azimuth angle of
45 degree, according to the prior art;

FIG. 4 is a schematic diagram illustrating a structure of
E-mode LCD screen according to the prior art;

FIG. 5 is a schematic diagram illustrating a structure of
O-mode LCD screen according to the prior art;

FIG. 6 is a schematic diagram illustrating a structure of a
LCD screen according to an embodiment of the invention;

FIG. 7 is a schematic diagram illustrating a Poincare
Sphere for optically compensating an E-mode LCD screen
according to an embodiment of the invention;
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FIG. 8 is a schematic diagram illustrating a Poincare
Sphere for optically compensating an O-mode LCD screen
according to an embodiment of the invention;

FIG. 9 is another schematic diagram illustrating a Poincare
Sphere for optically compensating an E-mode LCD screen
according to an embodiment of the invention; and

FIG. 10 is another schematic diagram illustrating a
Poincare Sphere for optically compensating an O-mode LCD
screen according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

As shown in FIG. 6, an embodiment of the invention pro-
vides a LCD screen comprising a TFT substrate 601, a CF
substrate 602, liquid crystal layer 603 disposed between the
TFT substrate 601 and the CF substrate 602, a first polarizing
layer 604 at outer side of the TFT substrate, and a second
polarizing layer 605 at outer side of the CF substrate 602. The
LCD screen further comprises:

a first optical compensation film 606 disposed between the
first polarizing layer 604 and the TFT substrate 601, a slow
axis of which is parallel or perpendicular to a transmission
axis of the first polarizing layer 604, the first optical compen-
sation film 606 being configured to compensate a polarized
light obtained from light non-normally incident into the first
polarizing layer 604 so that the polarized light becomes a first
elliptically polarized light, polarization direction of the first
elliptically polarized light is the same as that of a polarized
light obtained from light incident at an azimuth angle of 90
degree into the first polarizing layer 604;

a second optical compensation film 607 disposed between
the second polarizing layer 605 and the CF substrate 602, a
slow axis of which is perpendicular to the slow axis of the first
optical compensation film 606, a refractive index and a phase
retardation of the second optical compensation film 607 are
the same as those of the first optical compensation 606 respec-
tively: and

the liquid crystal layer 603, which is configured to convert
the first elliptically polarized light into a second elliptically
polarized light, with its polarization direction consistent with
that of the first elliptically polarized light and its rotation
direction opposite to that of the first elliptically polarized
light.

Since the liquid crystal layer 603 without being applied
with voltage will not change the polarization direction of the
polarized light obtained from light incident into the first
polarizing layer 604 at an azimuth angle of 90 degree, the first
optical compensation film 606 with its slow axis perpendicu-
lar or parallel to the transmission axis of the first polarizing
layer 604 is disposed between the first polarizing layer 604
and the TFT substrate 601, in order that a polarized light
obtained from light non-normally incident into the first polar-
izing layer 604 is changed into a first elliptically polarized
light by means of such first optical compensation film 606,
wherein the polarization direction of the first elliptically
polarized light is the same as that of a polarized light obtained
from light incident into the first polarizing layer 604 at an
azimuth angle of 90 degree. In this case, the liquid crystal
layer 603 will not change the polarization direction of the first
elliptically polarized light. Also, by means of the phase retar-
dation function of the liquid crystal layer 603, the first ellip-
tically polarized light is converted into a second elliptically
polarized light with its polarization direction consistent with
that of the first elliptically polarized light and its rotation
direction opposite to that of the first elliptically polarized
light. Furthermore, since the transmission axis of the first
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polarizing layer 604 is parallel to the absorption axis of the
second polarizing layer 605, when the light is non-perpen-
dicularly incident into the first polarizing layer 604 and the
second polarizing layer 605, the transmission axis of the first
polarizing layer 604 deflects in an opposite direction and by
an identical magnitude with respect to the deflection of the
absorption axis of the second polarizing layer 605. Accord-
ingly, by the second optical compensation film 607 which has
arefractive index and a phase retardation as the same as those
of the first optical compensation film 606 respectively, the
second elliptically polarized light can be compensated into a
polarized light capable of being absorbed completely by the
second polarizing layer 605. As a result, the optical compen-
sation for the light leakage is achieved.

The polarization direction of the polarized light obtained
from light incident into the first polarizing layer 604 at a polar
angle of 0 degree is identical to that of the polarized light
obtained from light incident into the first polarizing layer 604
at an azimuth angle of 90 degree, thereby the first optical
compensation film 606 will not compensate the polarized
light. In addition, since the polarized light obtained from light
incident into the first polarizing layer 604 at a polar angle of
0 degree does not deflect, the light leakage will not occur, and
thus it is not necessary to compensate. As aresult, in the LCD
screen according to the embodiment of the invention, the light
leakage will be overcome by the optical compensation for the
polarized light obtained from light non-perpendicularly inci-
dent into the first polarized layer 604. Particularly, since the
serious deflection of the polarized light obtained from light
incident into the first polarizing layer 604 at a polar angle of
60 degree and an azimuth angle of 45 degree, the first optical
compensation film may be designed for such polarized light
so that the best compensation effect can be achieved.

The foregoing configurations for the first optical compen-
sation film 606, the second optical compensation film 607 and
the liquid crystal layer 603 can work in the compensation for
the light leakage in any of the O-mode, the E-mode, and the
multi domain-mode (which is a mixed mode formed by the
O-mode and the E-mode) LCD screens. Thus, in the LCD
screen according to the invention, the direction of the slow
axis of the liquid crystal layer 603 may consist with the
transmission axis of the first polarizing layer, or the direction
of the slow axis of the liquid crystal molecules in the liquid
crystal layer 603 may consist with the transmission axis of the
second polarizing layer; or the liquid crystal molecules are
mixed liquid crystal molecules formed by a type of liquid
crystal molecules with its direction of slow axis consistent
with the transmission axis of the first polarizing layer and a
type of liquid crystal molecules with its direction of slow axis
consistent with the transmission axis of the second polarizing
layer. That is to say, the liquid crystal layer 603 may be
formed by the O-mode liquid crystal material, the E-mode
liquid crystal material, or the multi domain-mode liquid crys-
tal material which is formed by the O-mode and the E-mode
liquid crystal materials.

Further, the refractivities and the phase retardants of the
first optical compensation film 606 and the second optical
compensation film 607 and the phase retardant of the liquid
crystal layer 603 may be set so that the first optical compen-
sation film 606 can compensate the polarized light obtained
from light non-perpendicularly incident into the first polariz-
ing layer 604 to obtain the first elliptically polarized light, and
that the liquid crystal layer 603 can convert the first ellipti-
cally polarized light into the second elliptically polarized
light with its polarization direction consistent with that of the
firstelliptically polarized light and its rotation direction oppo-
site to that of the first elliptically polarized light.
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In practice, the refractivities and the phase retardants of the
first optical compensation film 606 and the second optical
compensation film 607 and the phase retardant of the liquid
crystal layer 603 may be determined based on empiric values,
as long as such first optical compensation film 606 can com-
pensate the polarized light obtained from light non-perpen-
dicularly incident into the first polarizing layer 604 to obtain
the first elliptically polarized light, and such liquid crystal
layer 603 can convert the first elliptically polarized light into
the second elliptically polarized light with its polarization
direction consistent with that of the first elliptically polarized
light and its rotation direction opposite to that of the first
elliptically polarized light.

For example, when the slow axis of the first optical com-
pensation film 606 is parallel to the transmission axis of the
first polarizing layer 604, it may be configured that the refrac-
tive index of the first optical compensation film 606 is larger
or equal to 0.25, the phase retardant of the first optical com-
pensation film 606 is 20 nm to 280 nm, and the phase retardant
of the liquid crystal layer 603 is 270 nm to 560 nm.

Next, the effect of such configurations on the light leakage
of the E-mode and the O-mode liquid crystal molecules will
be analyzed by using the Poincare sphere.

For the liquid crystal layer 603 in E-mode LCD screen, as
shown in FIG. 7, the point T represents the polarization direc-
tion of a polarized light obtained from light incident into the
first polarizing layer 604 at an azimuth angle of 45 degree, the
point A represents the polarization direction corresponding to
the absorption axis of the second polarizing layer 605 when
light is incident into the first polarizing layer 604 at an azi-
muth angle of 45 degree, and the point O represents the
polarization direction of a polarized light obtained from light
incident into the first polarizing layer 604 at an azimuth angle
of 90 degree. The distance on the equator between the points
A and O (hereinafter referred as “AO” in brief) and the dis-
tance on the equator between the points O and T (hereinafter
referred as “OT” in brief) are 1dentical to each other. After a
polarized light with its polarization state corresponding to the
point T transmits through the first optical compensation film
606, its polarization state deflects to the point B. The point B
represents an elliptically polarized light with a polarization
direction consistent with the polarization direction at the
point O. When the polarized light with its polarization state
corresponding to the point B transmits through the E-mode
liquid crystal layer 603, its polarization state varies to the
point C. The variation trace of its polarization state is shown
as the arc BC. The point C represents an elliptically polarized
light with a polarization direction identical to and a rotation
direction opposite to those at the point B. After the polarized
light corresponding to the point C transmits through the sec-
ond optical compensation film 607, its polarization state var-
ies to the point A. Thus, this polarized light can be absorbed
completely so that the light leakage will not occur.

For the liquid crystal layer 603 in O-mode LCD screen, as
shown in FIG. 8, the point T represents the polarization direc-
tion of a polarized light obtained from light incident into the
first polarizing layer 604 at an azimuth angle of 45 degree, the
point A represents the polarization direction corresponding to
the absorption axis of the second polarizing layer 605 when
light is non-perpendicularly incident into the first polarizing
layer 604, and the point O represents the polarization direc-
tion of a polarized light obtained from light incident into the
first polarizing layer 604 at an azimuth angle of 90 degree.
The distances AO and OT, both of which are on the equator,
are identical to each other. After a polarized light with its
polarization state corresponding to the point T transmits
through the first optical compensation film 606, its polariza-
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tion state deflects to the point B. The point B represents an
elliptically polarized light with a polarization direction con-
sistent with the polarization direction at the point O. Whenthe
polarized light with its polarization state being at the point B
transmits through the E-mode liquid crystal layer 603, its
polarization state varies to the point C. The variation trace of
its polarization state is shown as the arc BC. The point C
represents an elliptically polarized light with a polarization
direction identical to and a rotation direction opposite to those
at the point B. After the polarized light corresponding to the
point C transmits through the second optical compensation
film 607, its polarization state varies to the point A. Thus, this
polarized light can be absorbed completely so that the light
leakage will not occur.

Specifically, as the refractive index of'the first optical com-
pensation film 606 is set larger, the phase retardant of the first
optical compensation film 606 may be set smaller and the
phase retardant of the liquid crystal layer 603 may be set
smaller, so that a better compensation effect may be achieved.
When the refractive index of the first optical compensation
film 606 is set to 0.25, the phase retardant of the first optical
compensation film 606 may be set to 270 nm to 280 nm, and
the phase retardant of the liquid crystal layer 603 may be set
to 540 nm to 560 nm. When the refractive index of the first
optical compensation film 606 is set to 1, the phase retardant
of the first optical compensation film 606 may be set to 80 nm
to 110 nm, and the phase retardant of the liquid crystal layer
603 may be set to 340 nm to 370 nm. When the refractive
index of the first optical compensation film 606 is set to 3.5,
the phase retardant of the first optical compensation film 606
may be set to 35 nm to 60 nm, and the phase retardant of the
liquid crystal layer 603 may be set to 280 nm to 320 nm.

Of course, in the case that the slow axis of the first optical
compensation film 606 is parallel to the transmission axis of
the first polarizing layer 604, any other feasible settings for
the refractive index and the phase retardant of the first optical
compensation film 606 and the phase retardant of the liquid
crystal layer 603 may be conceivable by a skilled in the art,
and will not be repeated herein.

For example, when the slow axis of the first optical com-
pensation film 606 is perpendicular to the transmission axis of
the first polarizing layer 604, it may be configured that the
refractive index of the first optical compensation film 606 is
smaller or equal to 0.25, the phase retardant of the first optical
compensation film 606 is 20 nm to 280 nm, and the phase
retardant of the liquid crystal layer is 270 nm to 560 nm.

Next, the effect of such configurations on the light leakage
of the E-mode and the O-mode LCD screens will be analyzed
by using the Poincare sphere.

For the liquid crystal layer 603 in E-mode LCD screen, as
shown in FIG. 9, the point T represents the polarization direc-
tion of a polarized light obtained from light incident into the
first polarizing layer 604 at an azimuth angle of 45 degree, the
point A represents the polarization direction corresponding to
the absorption axis of the second polarizing layer 605 when
light is incident into the first polarizing layer 604 at an azi-
muth angle of 45 degree, and the point O represents the
polarization direction of a polarized light obtained from light
incident into the first polarizing layer 604 at an azimuth angle
of 90 degree. The distances AO and OT, both of which are on
the equator, are identical to each other. After a polarized light
with its polarization state corresponding to the point T trans-
mits through the first optical compensation film 606, its polar-
ization state deflects to the point B. The point B represents an
elliptically polarized light with a polarization direction con-
sistent with the polarization direction at the point O. When the
polarized light with its polarization state corresponding to the
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point B transmits through the E-mode liquid crystal layer 603,
its polarization state varies to the point C, and the variation
trace ofits polarization state is shown as the arc BC. The point
C represents an elliptically polarized light with a polarization
direction identical to and a rotation direction opposite to those
at the point B. After the polarized light corresponding to the
point C transmits through the second optical compensation
film 607, its polarization state vaties to the point A. Thus, this
polarized light can be absorbed completely so that the light
leakage will not occur.

For the liquid crystal layer 603 in O-mode LCD screen, as
shown in FIG. 10, the point T represents the polarization
direction of a polarized light obtained from light non-perpen-
dicularly incident into the first polarizing layer 604, the point
A represents the polarization direction corresponding to the
absorption axis of the second polarizing layer 605 when light
is incident into the first polarizing layer 604 at an azimuth
angle 0f45 degree, and the point O represents the polarization
direction of a polarized light obtained from light incident into
the first polarizing layer 604 at an azimuth angle of 90 degree.
The distances AO and OT, both of which are on the equator,
are identical to each other. After a polarized light with its
polarization state corresponding to the point T transmits
through the first optical compensation film 606, its polariza-
tion state deflects to the point B. The point B represents an
elliptically polarized light with a polarization direction con-
sistent with the polarization direction at the point O. When the
polarized light with its polarization state corresponding to the
point B transmits through the E-mode liquid crystal layer 603,
its polarization state varies to the point C, and the variation
trace ofits polarization stateis shown as the arc BC. The point
C represents an elliptically polarized light with a polarization
direction identical to and a rotation direction opposite to those
at the point B. After the polarized light corresponding to the
point C transmits through the second optical compensation
film 607, its polarization state varies to the point A. Thus, this
polarized light can be absorbed completely so that the light
leakage will not occur.

Specifically, as the refractive index of the first optical com-
pensation film 606 is set smaller, the phase retardant of the
first optical compensation film 606 may be set smaller and the
phase retardant of the liquid crystal layer 603 may be set
smaller, so that a better compensation effect may be achieved.
When the refractive index of the first optical compensation
film 606 is set to O, the phase retardant of the first optical
compensation film 606 may be set to 80 nm to 110 nm, and the
phase retardant of the liquid crystal layer 603 may be set to
340 nm to 370 nm. When the refractive index of the first
optical compensation film 606 is set to —2.85, the phase
retardant of the first optical compensation film 606 may be set
to 35 nmto 60 nm, and the phase retardant of the liquid crystal
layer 603 may be set to 280 nm to 320 nm.

Of course, in the case that the slow axis of the first optical
compensation film 606 is perpendicular to the transmission
axis of the first polarizing layer 604, any other feasible set-
tings for the refractive index and the phase retardant of the
first optical compensation film 606 and the phase retardant of
the liquid crystal layer 603 may be conceivable by a skilled in
the art, and will not be repeated herein.

An embodiment of the invention further provides a display
device which comprises any one of the above mentioned LCD
screens. Such display device may be any product or compo-
nent with display function, such as liquid crystal panel, elec-
tronic paper, OLED panel, mobile telephone, tablet PC, tele-
vision, display, laptop, digital album, navigator, and so on.

It is obviously for a skilled in the art that various modifi-
cations and variations may be made to the invention without
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departing from the spirit and scope of the invention. Thus, the
invention is intended to cover these modifications and varia-
tions provided that they fall into the scope of the attached
claims and its equivalent.

What is claimed is:

1. A liquid crystal display screen, comprising a thin film
transistor substrate, a color filter substrate, liquid crystal layer
disposed between the thin film transistor substrate and the
color filter substrate, a first polarizing layerat outer side of the
thin film transistor substrate, and a second polarizing layer at
outer side of the color filter substrate, wherein further com-
prising:

a first optical compensation film disposed between the first
polarizing layer and the thin film transistor substrate, a
slow axis of which is parallel or perpendicular to a
transmission axis of the first polarizing layer, the first
optical compensation film being configured to compen-
sate a polarized light obtained from light non-normally
incident into the first polarizing layer so that the polar-
ized light becomes a first elliptically polarized light,
polarization direction of the first elliptically polarized
light is the same as that ofa polarized light obtained from
light incident into the first polarizing layer at an azimuth
angle of 90 degree;

a second optical compensation film disposed between the
second polarizing layer and the color filter substrate, a
slow axis of which is perpendicular to that of the first
optical compensation film, arefractive index and a phase
retardation of the second optical compensation film are
the same as those of the first optical compensation film
respectively, and

wherein the liquid crystal layer is configured to convert the
first elliptically polarized light into a second elliptically
polarized light, with its polarization direction consistent
with that of the first elliptically polarized light and its
rotation direction opposite to that of the first elliptically
polarized light.

2. The liquid crystal display screen of claim 1, wherein

a direction of a slow axis of liquid crystal molecules in the
liquid crystal layer is consistent with the transmission
axis of the first polarizing layer; or

the direction of the slow axis of the liquid crystal molecules
is consistent with a transmission axis of the second
polarizing layer; or

the liquid crystal molecules is a mixed liquid crystal mol-
ecules formed by a type of liquid crystal molecules with
a direction of slow axis consistent with the transmission
axis of the first polarizing layer and a type of liquid
crystal molecules with a direction of slow axis consistent
with the transmission axis of the second polarizing layer.

3. The liquid crystal display screen of claim 1, wherein

when the slow axis of the first optical compensation film is
parallel to the transmission axis of the first polarizing
layer, the refractive index of the first optical compensa-
tion film is larger than or equal to 0.25, the phase retar-
dation of the first optical compensation film is 20
nm-280 nm, and a phase retardation of the liquid crystal
layer is 270 nm-560 nm.

4. The liquid crystal display screen of claim 3, wherein

the refractive index of the first optical compensation film is
0.25, the phase retardation of the first optical compen-
sation film is 270 nm-280 nm, and the phase retardation
of the liquid crystal layer is 540 nm-560 nm.

5. The liquid crystal display screen of claim 3, wherein

the refractive index of the first optical compensation film is
1, the phase retardation of the first optical compensation
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film is 80 nm-110 nm, and the phase retardation of the
liquid crystal layer is 340 nm-370 nm.

6. The liquid crystal display screen of claim 3, wherein

the refractive index of the first optical compensation film is
3.5, the phase retardation of the first optical compensa-
tion film is 35 nm-60nm, and the phase retardation of the
liquid crystal layer is 280 nm-320 nm.

7. The liquid crystal display screen of claim 1, wherein

when the slow axis of the first optical compensation film is
perpendicular to the transmission axis of the first polar-
izing layer, the refractive index of the first optical com-
pensation film is smaller than or equal to 0.25, the phase
retardation of the first optical compensation film is 20
nm-280 nm, and a phase retardation of the liquid crystal
layer is 270 nm-560 nm.

8. The liquid crystal display screen of claim 7, wherein

the refractive index of the first optical compensation film is
0, the phase retardation of the first optical compensation
film is 80 nm-110 nm, and the phase retardation of the
liquid crystal layer is 340 nm-370 nm.

9. The liquid crystal display screen of claim 7, wherein

the refractive index of the first optical compensation film is
-2.85, the phase retardation of the first optical compen-
sation film is 35 nm-60 nm, and the phase retardation of
the liquid crystal layer is 280 nm-320 nm.

10. A display device, comprising a liquid crystal display
screen comprising a thin film transistor substrate, a color filter
substrate, liquid crystal layer disposed between the thin film
transistor substrate and the color filter substrate, a first polar-
izing layer at outer side of the thin film transistor substrate,
and a second polarizing layer at outer side of the color filter
substrate, wherein further comptrising:

a first optical compensation film disposed between the first
polarizing layer and the thin film transistor substrate, a
slow axis of which is parallel or perpendicular to a
transmission axis of the first polarizing layer, the first
optical compensation film being configured to compen-
sate a polarized light obtained from light non-normally
incident into the first polarizing layer so that the polar-
ized light becomes a first elliptically polarized light,
polarization direction of the first elliptically polarized
light is the same as that of a polarized light obtained from
light incident into the first polarizing layer at an azimuth
angle of 90 degree;

a second optical compensation film disposed between the
second polarizing layer and the color filter substrate, a
slow axis of which is perpendicular to that of the first
optical compensation film, arefractive index and aphase
retardation of the second optical compensation film are
the same as those of the first optical compensation film
respectively, and

wherein the liquid crystal layer is configured to convert the
first elliptically polarized light into a second elliptically
polarized light, with its polarization direction consistent
with that of the first elliptically polarized light and its
rotation direction opposite to that of the first elliptically
polarized light.

15

20

25

40

45

12

11. The display device of claim 10, wherein

a direction of a slow axis of liquid crystal molecules in the
liquid crystal layer is consistent with the transmission
axis of the first polarizing layer; or

the direction ofthe slow axis of the liquid crystal molecules
is consistent with a transmission axis of the second
polarizing layer; or

the liquid crystal molecules is a mixed liquid crystal mol-
ecules formed by a type of liquid crystal molecules with
a direction of slow axis consistent with the transmission
axis of the first polarizing layer and a type of liquid
crystal molecules with a direction of slow axis consistent
with the transmission axis of the second polarizing layer.

12. The display device of claim 10, wherein

when the slow axis of the first optical compensation film is
parallel to the transmission axis of the first polarizing
layer, the refractive index of the first optical compensa-
tion film is larger than or equal to 0.25, the phase retar-
dation of the first optical compensation film is 20
nm-280 nm, and a phase retardation of the liquid crystal
layer is 270 nm-560 nm.

13. The display device of claim 12, wherein

the refractive index of the first optical compensation film is
0.25, the phase retardation of the first optical compen-
sation film is 270 nm-280 nm, and the phase retardation
of the liquid crystal layer is 540 nm-560 nm.

14. The display device of claim 12, wherein

the refractive index of the first optical compensation film is
1, the phase retardation of the first optical compensation
film is 80 nm-110 nm, and the phase retardation of the
liquid crystal layer 1s 340 nm-370 nm.

15. The display device of claim 12, wherein

the refractive index of the first optical compensation film is
3.5, the phase retardation of the first optical compensa-
tion filmis 35 nm-60nm, and the phase retardation of the
liquid crystal layer is 280 nm-320 nm.

16. The display device of claim 10, wherein

when the slow axis of the first optical compensation film is
perpendicular to the transmission axis of the first polar-
izing layer, the refractive index of the first optical com-
pensation film is smaller than or equal to 0.25, the phase
retardation of the first optical compensation film is 20
nm-280 nm, and a phase retardation of the liquid crystal
layer is 270 nm-560 nm.

17. The display device of claim 16, wherein

the refractive index of the first optical compensation film is
0, the phase retardation of the first optical compensation
film is 80 nm-110 nm, and the phase retardation of the
liquid crystal layer is 340 nm-370 nm.

18. The display device of claim 16, wherein

the refractive index of the first optical compensation film is
-2.85, the phase retardation of the first optical compen-
sation film is 35 nm-60 nm, and the phase retardation of
the liquid crystal layer is 280 nm-320 nm.
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