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FIG. 2
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FIG. 3
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FIG. 5
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FIG. 6
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FIG. 8
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FIG. 9
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FIG. 12
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF CONTROLLING VIEWING ANGLE
THEREOF

[0001] This application claims the benefit of the Japanese
Patent Application No. 2005-239030, filed on Aug. 19,
2005, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device and a method for controlling a view-
ing angle thereof.

[0004] 2. Discussion of the Related Art

[0005] Recently, LCD devices are widely used for word
processors and personal computer displays in that the LCD
device can be driven by a low voltage. The LCD device
includes substrates treated with an alignment process, to
thereby obtain a uniform picture image. In this respect, the
LCD device has a directional variance, that is, the viewed
image varies in accordance with the viewing direction.

[0006] For example, in the case of TN and STN mode
LCD devices, the direction of light is controlled by using an
alignment direction of long and thin liquid crystal molecules
that has a problem of a narrow viewing angle.

[0007] To overcome this problem of directional variance
in the LCD device, various proposals have been disclosed.
For example, Japanese Laid Open Patent No. H9-19740
discloses an LCD device having a viewing angle control
structure in which collimated light is incident on two liquid
crystal display bonded to each other.

[0008] Hereinafter, a method for controlling a viewing
angle in an LCD device according to the related art will be
explained as follows.

[0009] FIGS. 1B and 1D are cross sectional views sche-
matically illustrating an LCD device having two liquid
crystal displays bonded to each other, on which collimated
light is incident.

[0010] First, collimated light is incident on a first LCD
panel 1. The first LCD panel 1 is identical in structure to a
related art LCD panel that displays images.

[0011] Then, light from the first LCD panel 1 is incident
on a second LCD panel 2, wherein the second LCD panel
controls transmission and dispersion of the light. The trans-
mission of light provides a narrow viewing angle mode, and
the dispersion of light provides a wide viewing angle mode.

[0012] In this example, the first LCD panel is formed of a
TN LCD panel, and the second LCD panel 2 is formed of
polymer dispersion LCD panel.

[0013] Meanwhile, when using the high molecular disper-
sion LCD panel of the second LCD panel 2, as shown in
FIG. 1D, liquid crystal molecules dispersed in a polymer are
arranged randomly. Thus, the incident light is dispersed (6,
6c) with the same luminance as that of surface transmitted
light (6a).

[0014] In this case, a graph showing a relation between
luminance and viewing angle is shown in FIG. 1C.
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[0015] Meanwhile, as shown in FIG. 1B, when applying a
voltage, the liquid crystal molecules dispersed in the poly-
mer are arranged along an electric field, whereby the light is
transmitted because the liquid crystal molecules are trans-
parent.

[0016] In a narrow viewing angle mode a voltage is
applied to the second LCD panel 2, and a graph for showing
the relationship between luminance and viewing angle is
shown in FIG. 1A. By controlling the luminance, it is
possible to control the viewing angle.

[0017] In the related art, it is necessary to provide ele-
ments for collimating the light output from a fluorescent
lamp and to perform additional processes for bonding the
polymer dispersion LCD panel, thereby increasing a fabri-
cation cost.

[0018] Next, Japanese Laid Open Patent No. 2004-325563
discloses an LCD device. In this case, in a vertical alignment
mode, the viewing angle is controlled by changing an
electrode structure. By dividing the electrode, an interval
between openings is formed in-between the electrode where
the liquid crystal is inclined. Also, luminance is controlled
by changing the shape of electric line, to thereby change the
viewing angle.

[0019] However, because the electrode structure is deter-
mined in the fabrication process, it is impossible to change
the electrode structure after forming the LCD panel. Thus,
several electrode shapes are compounded to thereby form
pixels. Then, the pixel having the pattern with optimal
viewing angle characteristics is selected, and the other pixels
are not displayed, whereby the light efficiency deteriorates.

[0020] Related with the efficiency of controlling the view-
ing angle, as disclosed above, any effects are not made
except that the maximum luminance is diverted in one
direction.

SUMMARY OF THE INVENTION

[0021] Accordingly, the present invention is directed to a
liquid crystal display (LCD) device and method of control-
ling viewing angle therefore that substantially obviates one
or more problems due to limitations and disadvantages of
the related art.

[0022] An advantage of the present invention is to provide
an LCD device that can display a wide viewing angle and
also can narrow the viewing angle by lowering contrast with
leakage of light in a direction not viewed.

[0023] Additional features and advantages of the inven-
tion will be set forth in the description which follows and in
part will become apparent from the description, or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0024] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, an LCD device
including: an LCD panel having at least one pixel that
includes a first colored sub pixel and a second white sub
pixel, wherein liquid crystal molecules of the second white
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sub pixel are aligned differently from liquid crystal mol-
ecules of the first colored sub pixel.

[0025] In another aspect of the present invention, an LCD
device includes an LCD device includes: an LCD panel
having at least one pixel that includes a first colored sub
pixel and a white second sub pixel; and a liquid crystal
alignment control means to control contrast in the LCD
panel, wherein liquid crystal molecules of the second white
sub pixel are aligned between 0° and 6° with respect to an
absorption axis of at least one polarizing sheet by the liquid
crystal alignment control means.

[0026] In another aspect of the present invention, a
method for controlling a viewing angle in an LCD device
including: arranging a first sub colored pixel of a displaying
element and a second white sub pixel within at least one
pixel, wherein liquid crystal molecules of the second white
sub pixel are aligned differently from liquid crystal mol-
ecules of the first sub pixel; and controlling the viewing
angle by setting an electric field on/off state in the first sub
pixel and the second sub pixel.

[0027] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion.

[0029] In the drawings:

[0030] FIG. 1 illustrates a state of the viewing angle using
a polymer dispersion LCD panel according to the related art;

[0031] FIG. 2 illustrates a state of the viewing angle in an
LCD device according to the present invention;

[0032]
pixels;

[0033] FIG. 4 illustrates a cross sectional view of the
operation of liquid crystal molecules in a VA mode LCD
device;

[0034] FIG. 5 illustrates a schematic top view wherein
liquid crystal molecules in the RGB pixels are operated at a
direction different from liquid crystal molecules of the W
pixel in a VA mode LCD device;

[0035] FIG. 6 illustrates the contrast characteristics for a
viewing angle when RGB pixels are in an on-state and the
W pixel is in an off-state;

[0036] FIG. 7 illustrates the contrast characteristics for a
viewing angle when a voltage applied to the RGB pixels is
3.3V and to the W pixel is 3.3V;

[0037] FIG. 8 illustrates the frontal contrast characteristics
for an angle formed by a polarizing axis and liquid crystal
molecule in a W pixel when the W pixel is in an on-state;

FIG. 3 illustrates an arrangement of RGB and W
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[0038] FIG. 9 illustrates a schematic top view showing a
RGB pixel and a W pixel having different operation direc-
tions in a TN mode LCD device;

[0039] FIG. 10 illustrates the contrast characteristics for a
viewing angle when the RGB pixel is in the electric field
off-state and the W pixel is in an on-state;

[0040] FIG. 11 illustrates the contrast characteristics for a
viewing angle when the RGB pixel is in the off-state, and the
W pixel is in the electric field off-state;

[0041] FIG. 12 illustrates the frontal contrast characteris-
tics for an angle formed by polarizing axis and liquid crystal
molecules in the W pixel having liquid crystal molecules
aligned homogeneously; and

[0042] FIG. 13 illustrates a schematic view for explaining
a division alignment technology of a related art LCD device.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0043] Reference will now be made in detail to the
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

[0044] Hereinafter, an LCD device and a method for
controlling a viewing angle thereof according to the present
invention will be explained with reference to the accompa-
nying drawings.

[0045] FIG. 2Aillustrates a graph showing contrast versus
viewing angle on a narrow viewing angle display mode, and
FIG. 2B illustrates an LCD panel 10 wherein a viewing
angle becomes smaller due to light from a W pixel.

[0046] FIG. 2A corresponds to FIG. 2B. In this case, a
contrast peak of FIG. 2A corresponds to a central portion of
the LCD panel for the light from RGB pixels in FIG. 2B. In
FIG. 2B, an arrow 11 indicates incident light, and an arrow
13 indicates light passing through a W pixel. Due to the light
passing through W pixel, the contrast at both sides of the
LCD panel is lower than that in the central portion corre-
sponding to the RGB pixels.

[0047] Inthe present invention, it is possible to control the
viewing angle by controlling the contrast for viewing.

[0048] FIG. 2C is a graph showing the contrast and
viewing angle in a wide viewing angle display mode.

[0049] FIG. 2D illustrates incident and output light of the
LCD panel 10.
[0050] FIG. 2C corresponds to FIG. 2D. In this case, the

light 12 output from the RGB pixel of the panel results in the
wide viewing angle without forming the contrast peak of
FIG. 2A.

[0051] In the present invention, a unit pixel includes at
least four sub pixels, that is, a RGB pixel coated with
three-color resist, and a W pixel (white or colored) having no
resist.

[0052] For example, as shown in FIG. 3, the RGB and W
pixels are arranged 2x2. However, it is not limited to this.
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First Embodiment

[0053] FIGS. 4A and 4B are cross sectional views show-
ing operation of liquid crystal molecules in a vertical align-
ment (VA) mode.

[0054] In the first embodiment of the VA mode, as shown
in FIG. 4A, the liquid crystal molecules 20 are vertical to a
plane surface of a substrate because there is no electric field
on a voltage off-state.

[0055] In this case, because a polarizing sheet 22 is
adhered using crossed nicol, the polarized light passes
through without retardation, to thereby produce a black
state. Then, if applying the electric field (E) in the on-state,
the liquid crystal molecules are horizontal (0°) to the plane
surface of the substrate, as shown in FIG. 4B because the
liquid crystal molecules have negative dielectric anisotropy,
and the liquid crystal molecules of negative dielectric anisot-
ropy are parallel to an electric field.

[0056] In the present invention, the liquid crystal mol-
ecules of the RGB pixel is different in alignment direction
from liquid crystal molecules of the W pixel when the
voltage is in the on-state, which will be explained as follows.

[0057] When the voltage is turned offfon in the RGB and
W pixels, the alignment of liquid crystal molecules is shown
in FIGS. 5A to 5D which illustrates one pixel.

[0058] FIGS. 5A and 5B illustrate the liquid crystal mol-
ecules in the RGB pixels, and FIGS. 5C and 5D illustrate the
liquid crystal molecules in the W pixel. At this time, the
arrow of the solid line and the arrow of the dotted line show
the absorption axis of the polarizing sheet.

[0059] The RGB pixel will be explained with reference to
FIGS. 5A and 5B. When the voltage is in the off-state (FIG.
5A), the liquid crystal molecules are shown with a shape of
O’ because it is in the VA mode. However, if the voltage is
in the on-state (FIG. 5B), a structure or a slit is provided at
45° with regard to a polarizing axis of the polarizing sheet,
to thereby align the liquid crystal molecules. Thus, the
alignment of the liquid crystal molecules is arranged at a
predetermined angle to the absorption axis of the polarizing
sheet, whereby the incident polarized light is retarded, and
the light leaks from the facing polarizing sheets, to thereby
produce an image with a wide viewing angle.

[0060] The W pixel is explained with reference to FIGS.
5C and 5D. If the voltage is in the off-state (FIG. 5C), the
liquid crystal molecules are shown with a shape of ‘O’
because it is in the VA mode. However, if the voltage is the
on-state (FIG. 5D), the liquid crystal molecules are arranged
in a vertical or horizontal direction relative to the absorption
axis of the polarizing sheet. In a wide-viewing angle mode,
if the W pixel is in the off-state, it is possible to produce the
viewing angle characteristics corresponding to the related art
VA mode panel using the RGB pixel.

[0061] In anarrow-viewing angle mode, the liquid crystal
molecules are aligned in a horizontal or vertical direction
relative to the absorption axis of the polarizing sheet by
applying the electric field. For example, as shown in FIG.
5D, the light does not leak because the retardation is not
generated in the polarized light incident along the arrow
direction of dotted line. When viewing the panel in another
direction (especially, the arrow direction of solid line), the
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retardation is generated in the incident polarized light,
whereby the light leaks from the W pixel, thereby lowering
the contrast.

[0062] If generating a problem in any direction, for
example, in case of the voltage on-state, the liquid crystal
molecules of the adjacent W pixel are aligned in parallel to
the arrow direction of full line, or in vertical to the arrow
direction of dotted line, to thereby remove the predeter-
mined direction having no retardation (wherein the light is
not leaked) in each of the two pixels. Accordingly, the light
is leaked from all directions, so that it is possible to control
the viewing angle. In case of the frontal side, the retardation
is not generated in the W pixel of all directions, whereby the
light is not leaked, thereby maintaining the contrast.

[0063] According to the present invention, it is unneces-
sary to provide new components or processes when bonding
two LCD panels together, thereby decreasing the fabrication
cost.

[0064] In addition, the alignment direction of the liquid
crystal molecules of the W pixel is controllable based on the
voltage. In this respect, it is possible to control the viewing
angle by setting the size of the W pixel and the number of
pixels W. Thus, the above control method may be adjustable
by a user or panel designer.

[0065] Hereinafter, results from a simulation for control-
ling the viewing characteristics of the present invention will
be explained as follows.

[0066] In the above simulation, each of lower and upper
substrates is formed of a glass substrate having a thickness
of 0.7 mm, an optical design corresponds to A=0.56, a liquid
crystal that has a negative dielectric anisotropy (Ae=-4.1),
and the polarizing axis of the polarizing sheet is defined with
45° and 135°.

[0067] The contrast is measured when applying a voltage
of 3.3V. If applying the voltage, the RGB pixel include the
liquid crystal molecules which are tilted at 90°, and the W
pixel includes liquid crystal molecules that are tilted parallel
to the polarizing axis of the lower and upper polarizing
sheets (two directions of 45° and 135°).

[0068] FIG. 6 illustrates the contrast characteristics versus
the viewing angle when RGB=3.3V and W=0V, that is, the
RGB pixels are in the on-state and the W pixel is in the
off-state.

[0069] FIG. 7 illustrates the contrast characteristics versus
the viewing angle when RGB=3.3V and W=3.3V, that is, the
RGB and W pixels are in the on-state. In FIG. 7, the contrast
characteristic is shown on the vertical axis, and the viewing
angle is shown on the horizontal axis. Each curve of the
graph shows the result for various polar angles of 0°, 10°,
20°, 30°, 40°, 50°, and 60°.

[0070] From the above result, a decrease in the frontal
contrast is minimized by changing the on/off state of the W
pixel, whereby the contrast versus the viewing angle of the
direction of polar angle is largely decreased.

[0071] The present invention is advantageous in that con-
trolling the optimal viewing angle may be precisely adjusted
by optimizing the area of the W pixel when designing the
LCD panel, and by controlling the voltage applied to the W
pixel.
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[0072] FIG. 8 illustrates the frontal contrast characteristic
versus the angle formed by the polarizing axis and the liquid
crystal molecule in the W pixel when applying 3.3V to the
W pixel. In FIG. 8, the contrast ratio is shown on the vertical
axis, and the angle of liquid crystal molecule versus the
polarizing axis is shown on the horizontal axis. If the angle
is 0° between the polarizing axis and the alignment direction
of liquid crystal molecules, that is, the liquid crystal mol-
ecules are parallel to the polarizing axis, the contrast is 1.
Meanwhile, as the angle varies between 1° and 7°, the
contrast decreases.

[0073] In the present invention, when applying the voltage
to the W pixel, it is possible to improve the efficiency of the
process where the alignment direction of liquid crystal
molecules is parallel to the polarizing axis. However, as
shown in FIG. 8, when the angle is greater than 0°, it tends
to lower the frontal contrast.

[0074] Referring to FIG. 7, because the frontal contrast is
800, when the polar angle is 10° the contrast is between 100
and 200, preferably, the angle between the polarizing axis
and the tilted direction of liquid crystal molecules is about
3°, to thereby maintain the contrast of 100.

[0075] Further, it is more preferable to maintain the angle
between the polarizing axis and the alignment direction of
liquid crystal molecules in the W pixel within the range of
about 0° to 3°.

[0076] The above display device according to the present
invention uses the RGB pixel. However, it is not limited to
this. The display device of the present invention may use
other-colored pixels as display elements.

[0077] The display device according to the preferred
embodiment of the present invention is formed of a TN
mode. In case of the TN mode, liquid crystal molecules of
the RGB pixel are aligned differently versus the liquid
crystal molecules of the W pixel, which will be explained as
follows.

[0078] When the voltage is turned offfon in the RGB and
W pixels, the alignment of liquid crystal molecules is shown
in FIGS. 9A to 9D which illustrates one pixel.

[0079] FIGS. 9A and 9B illustrate the liquid crystal mol-
ecules in the RGB pixel, and FIGS. 9C and 9D illustrate the
liquid crystal molecules in the W pixel. FIGS. 9A to 9D
illustrate the alignment direction of liquid crystal molecules
when the electric field (E) is in the on/off state. At this time,
the arrow of the solid line and the arrow of dotted line show
the direction of the absorption axis of the polarizing sheet.

[0080] The RGB pixel will be explained with reference to
FIGS. 9A and 9B. When the voltage is in the on-state (FIG.
9A), the liquid crystal molecules are shown in a shape of
‘O’. However, if the voltage is in the off-state (FIG. 9B), the
liquid crystal molecules are aligned according to the absorp-
tion axis (rubbing direction) of the polarizing sheet. As
shown in FIG. 9B, when the electric field is in the off-state,
the liquid crystal molecules in the RGB pixel of the TN
mode are twisted by 90°, to thereby obtain a normally white
state. If the electric field is in the on-state, as shown in FIG.
9A, the liquid crystal molecules in the RGB pixel are aligned
based on the direction of the electric field.

[0081] FIGS. 9C and 9D illustrate the alignment direction
of the liquid crystal molecules in the W pixel. If the electric
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field is in the off-state, the liquid crystal molecules are not
twisted because the rubbing direction is homogeneously
aligned in parallel. If the electric field is in the on-state, the
liquid crystal molecules are aligned based on the direction of
electric field (FIG. 9C).

[0082] When the W pixel is off in a general mode, it is
possible to obtain the viewing angle characteristics that
corresponds to that of a related art TN mode LCD panel due
to the RGB pixel.

[0083] Ina narrow-viewing angle mode, the liquid crystal
molecules are aligned along the electric field of the W pixel
in the on-state. For example, as shown in FIG. 9, when the
viewing angle is along the direction of the dotted line, the
incident polarized light is not retarded, whereby the light is
not leaked. For other viewing angles (especially, the direc-
tion of the solid line), the incident polarized light is retarded,
whereby the light leaks from the W pixel, thereby lowering
the contrast.

[0084] If generating a problem in any direction, for
example, when the electric field is in the off-state, the liquid
crystal molecules of the adjacent W pixel are aligned in
parallel to the solid line or vertical to the dotted line, to
thereby minimize the predetermined portion having no retar-
dation (wherein the light is not leaked) in each of the two
pixels. Thus, the light leaks in all directions, so that it is
possible to control the viewing angle. Directly in front of the
panel, the retardation is not generated in the W pixel in all
directions, whereby the light does not leak, thereby main-
taining the contrast.

[0085] A method for fabricating an LCD panel of the
present invention may use a related art method. In the TN
mode discussed in the embodiment of the present invention
above, the liquid crystal molecules of the RGB pixel are
twisted by 90° (FIG. 9B), and the liquid crystal molecules of
the W pixel are twisted by 0° (homogeneous, FIG. 9D).

[0086] The rubbing direction in the RGB and W pixels on
any one of color filter and TFT substrates is changed by 90°
(the solid line in FIGS. 9E and 9F).

[0087] As shown in FIG. 9E, the rubbing process for the
RGB pixel is performed in a crossed direction on the color
filter and TFT substrates. Meanwhile, as shown in FIG. 9F,
the rubbing process for the W pixel is performed in a parallel
direction on the color filter and TFT substrates.

[0088] By using the rubbing technology currently and
generally available, the alignment direction is identical in
each pixel. Accordingly, it is necessary to identify the
technology for obtaining the different alignment directions
in the RGB pixel and the W pixel. For example, the Japanese
Laid Open Patent No. 2001-166309 discloses such align-
ment technology, which will be explained as follows.

[0089] FIG. 13 illustrates a schematic view which shows
a method for fabricating an LCD device using the above
alignment technology. In FIG. 13, a reference number 31
corresponds to an alignment layer on which liquid crystal
molecules are aligned; a reference number 32 corresponds to
a transparent substrate; a reference number 33 corresponds
to a mask; a reference number 34 corresponds to a first
alignment portion on which light is not applied; a reference
number 35 corresponds to a second alignment portion on
which light is applied; and a reference number 36 corre-
sponds to a light source.
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[0090] Hereinafter, the alignment division technology will
be described with reference to FIG. 13.

[0091] As shown in FIG. 13A, a first rubbing process is
performed to the alignment layer 31 formed on the trans-
parent substrate 32. Then, as shown in FIG. 13B, the light
source 36 such as Deep-UV, UV or He—Ne laser is applied
to the alignment layer 31 through the mask 33, to thereby
form the first alignment portion 34 on which light is not
applied, and the second alignment portion 35 on which light
is applied.

[0092] At this time, the first alignment portion 34 main-
tains a pretilt angle of the first rubbing process since the light
is not applied to the first alignment portion 34. However, for
the second alignment portion 35 on which light is applied,
a pretilt angle is changed due to disjointing, polymerization,
or isomerization in molecular chains of the alignment layer
31

[0093] As shown in FIG. 13C, a second rubbing process,
which has a slightly weaker intensity than the first rubbing
process, is performed to the alignment layer 31, wherein the
second rubbing process is different in rubbing direction from
the first rubbing process. When performing the second
rubbing process, which has different rubbing conditions
from the first rubbing process, to the first and second
alignment portions 34 and 35 having the different pritilt
angles, the first alignment portion 34 has a different pretilt
angle from the pretilt angle in the second alignment portion
35, to thereby result in different alignments in the two
sections.

[0094] The simulation result for the control of viewing
characteristics in the above embodiment of the present
invention is shown as follows. These simulation conditions
are identical those of the first embodiment of the present
invention except that the liquid crystal has a positive dielec-
tric anisotropy.

[0095] FIG. 10 illustrates the contrast characteristics ver-
sus the viewing angle when the electric field is applied only
to the RGB pixel.

[0096] FIG. 11 illustrates the contrast characteristics ver-
sus the viewing angle which divides the two W pixels having
no retardation (light does not leak) when applying the
electric field to the RGB and W pixels.

[0097] As a result, the contrast at a the polar angle of 0°
is maintained, however, the contrast sharply decreases
within the range of polar angle between 10° and 30°. That
is, the frontal light does not leak in the W pixel. However,
if the polar angle is out of the above range, the light leaks,
whereby the contrast is lowered.

[0098] Accordingly, by changing the on/off state in the W
pixel, it is possible to minimize the decrease in frontal
contrast. In this case, the contrast versus the viewing angle
in the direction of the polar angle largely decreases.

[0099] As explained above, the viewing angle control
technology of the present invention has advantageous char-
acteristics. Especially, it is unnecessary to provide new
components or to bond the LCD panel, thereby decreasing
a fabrication cost.

[0100] Further, when designing the LCD panel, it is pos-
sible to optimize the size of W pixel and to electrically adjust
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the intensity for controlling the viewing angle because the W
pixel controls the alignment of liquid crystal molecules in
accordance with the voltage. Thus, the present invention is
advantageous in that the viewing angle is controllable by a
user or panel designer.

[0101] FIG. 12 illustrates the frontal contrast characteristic
versus the angle formed by the polarizing axis and the liquid
crystal molecule in the W pixel aligned homogeneously. In
FIG. 12, the contrast ratio is shown on the vertical axis, and
the angle of liquid crystal molecule for the polarizing axis is
shown on the horizontal axis. If the angle is 0° between the
polarizing axis and the alignment direction of liquid crystal
molecules, that is, the liquid crystal molecules are parallel to
the polarizing axis, the contrast is 1. Meanwhile, as the angle
varies between 1° and 7° the contrast characteristics
decrease.

[0102] If the W pixel is in the off-voltage state, it is
possible to improve the efficiency of the process where the
tilt direction of liquid crystal molecules is parallel to the
polarizing axis. However, as shown in FIG. 12, if the angle
is greater than 0° (parallel), it tends to lower the frontal
contrast. According to this Figure, to reduce the contrast
from 700to 100 (*4=0.015), it is necessary to make the angle
between the polarizing axis and the tilted direction of liquid
crystal molecules in the W pixel below 6°. Further, it is
desirable to maintain the angle between the polarizing axis
and the tilt direction of liquid crystal molecules in the W
pixel within the range of 0° to 6°.

[0103] In the preferred embodiment of the present inven-
tion, both the RGB and W pixels use a TN mode. However,
the RGB pixel may use the TN mode, and the W pixel may
use the VA mode. Also, the RGB pixel may use a the VA
mode, and the W pixel may use the TN mode.

[0104] The display device of the present invention uses the
RGB pixel. However, the display device of the present
invention may use other-colored pixels instead of the RGB
pixel.

[0105] In the present invention, it is possible to lower the
contrast by controlling the light in the W pixel, and to
control the viewing angle by displaying other images that
are different from original images or information.

[0106] As mentioned above, the present invention has the
following advantages.

[0107] In the present invention, it is unnecessary to pro-
vide collimated light, and to provide two bonded LCD
panels. That is, the present invention may be provided with
one LCD panel and may be operated with a related art
backlight, to thereby decrease the fabrication cost, and to
improve the yield.

[0108] In addition, the intensity to precisely adjust the
optional viewing angle may be controlled with the voltage
applied to the pixel in accordance with the desire of user.

[0109] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.
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What is claimed is:
1. An LCD device comprising:

an LCD panel having at least one pixel that includes a first
colored sub pixel and a second white sub pixel,

wherein liquid crystal molecules of the second white sub
pixel are aligned differently from liquid crystal mol-
ecules of the first colored sub pixel.

2. The LCD device of claim 1, wherein the LCD device
is formed in a VA mode.

3. The LCD device of claim 1, wherein the LCD device
is formed in a TN mode.

4. The LCD device of claim 2, wherein the second white
sub pixel is one of a homogeneous alignment type and a
vertical alignment type.

5. The LCD device of claim 3, wherein the second white
sub pixel is one of a homogeneous alignment type and a
vertical alignment type.

6. The LCD device of claim 2, wherein the first colored
sub pixel has liquid crystal molecules vertically aligned in
the voltage off-state and aligned in other directions except a
direction substantially parallel to an absorption axis of at
least one polarizing sheet in the voltage on-state, and

the second white sub pixel has liquid crystal molecules
vertical in the voltage off-state and aligned between
about 0° and 3° with respect to the absorption axis of
the polarizing sheet in the voltage on-state.

7. The LCD device of claim 3, wherein the first colored
sub pixel has liquid crystal molecules aligned in accordance
with an electric field in the voltage on-state and twisted
according to a polarizing sheet in the voltage off-state, and

the second white sub pixel has liquid crystal molecules
aligned in accordance with the electric field and aligned
between 0° and 6° with respect to the absorption axis
of the polarizing sheet in the voltage on-state and
homogeneously aligned in the voltage off-state.

8. The LCD device of claim 1, wherein the first colored
sub pixel is formed of each of RGB pixels or other-colored
pixels.

9. The LCD device of claim 1, wherein a remaining
portion of the first sub pixel are formed of white or colored
sub pixels.

10. An LCD device comprising:

an LCD panel having at least one pixel that includes a first
colored sub pixel and a white second sub pixel; and

a liquid crystal alignment control means to control con-
trast in the LCD panel,

wherein liquid crystal molecules of the second white sub
pixel are aligned between 0° and 6° with respect to an
absorption axis of at least one polarizing sheet by the
liquid crystal alignment control means.

11. The LCD device of claim 10, wherein the LCD device
is formed in a VA mode.

12. The LCD device of claim 10, wherein the LCD device
is formed in a TN mode.

13. The LCD device of claim 11, wherein the second
white sub pixel is one of a homogeneous alignment type and
a vertical alignment type.

14. The LCD device of claim 12, wherein the second
white sub pixel is one of a homogeneous alignment type and
a vertical alignment type.
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15. The LCD device of claim 10, wherein liquid crystal
molecules of the second white sub pixel are aligned differ-
ently from liquid crystal molecules of the first colored sub
pixel.

16. The LCD device of claim 11, wherein the first colored
sub pixel has the liquid crystal molecules vertically aligned
in the voltage off-state, and aligned to the other directions
except a direction substantially parallel to an absorption axis
of at least one polarizing sheet in the voltage on-state, and

the second white sub pixel has the liquid crystal mol-
ecules vertically in the voltage off-state and aligned
between about 0° and 3° with respect to the absorption

axis of the polarizing sheet in the voltage on-state.
17. The LCD device of claim 12, wherein the first colored
sub pixel has liquid crystal molecules aligned in accordance
with an electric field in the voltage on-state and twisted
according to a polarizing sheet in the voltage off-state, and

the second white sub pixel has the liquid crystal mol-
ecules aligned in accordance with the electric field and
aligned between 0° and 6° with respect to the absorp-
tion axis of the polarizing sheet in the voltage on-state,
and being homogeneously aligned in the voltage off-
state.

18. The LCD device of claim 10, wherein the first colored
sub pixel is formed of each of RGB pixels or other-colored
pixels.

19. The LCD device of claim 10, wherein liquid crystal
molecules of the second white sub pixel are aligned between
0° and 3° with respect to an absorption axis of at least one
polarizing sheet by the liquid crystal alignment control
means.

20. A method for controlling a viewing angle in an LCD
device comprising:

arranging a first sub colored pixel of a displaying element
and a second white sub pixel within at least one pixel,
wherein liquid crystal molecules of the second white
sub pixel are aligned differently from liquid crystal
molecules of the first sub pixel; and

controlling the viewing angle by setting an electric field
on/off state in the first sub pixel and the second sub
pixel.

21. The method of claim 20, wherein the LCD device is
formed in a VA mode.

22. The method of claim 20, wherein the LCD device is
formed in a TN mode.

23. The method of claim 21, wherein the second white sub
pixel is one of a homogeneous alignment type and a vertical
alignment type.

24. The method of claim 22, wherein the second white sub
pixel is one of a homogeneous alignment type and a vertical
alignment type.

25. The method of claim 21, wherein the first colored sub
pixel has liquid crystal molecules vertically aligned in the
voltage off-state and aligned in other directions except a
direction substantially parallel to an absorption axis of at
least one polarizing sheet in the voltage on-state, and

the second white sub pixel has the liquid crystal mol-
ecules vertical in the voltage off-state and aligned
between 0° and 3° with respect to the absorption axis

of the polarizing sheet in the voltage on-state.
26. The method of claim 22, wherein the first colored sub
pixel has the liquid crystal molecules aligned in accordance



US 2007/0040975 Al

with an electric field in the voltage on-state and twisted
according to a polarizing sheet in the voltage off-state, and

the second sub pixel has the liquid crystal molecules
aligned in accordance with the electric field and aligned
between 0° and 6° with respect to the absorption axis
of the polarizing sheet in the voltage on-state and
homogeneously aligned in the voltage off-state.

27. The method of claim 20, wherein the first colored sub
pixel is formed of each of RGB pixels or other-colored
pixels.

28. The method of claim 20, wherein remaining portions
of the first sub pixel are formed of the same color as that of
the first sub pixel.

29. The method of claim 20, wherein remaining portions
of the first sub pixel are formed of white or colored sub
pixels.

30. The method of claim 20, wherein the second white sub
pixel further includes a color.

31. The LCD device of claim 1, wherein a remaining
portion of the first sub pixel is formed of the same color as
that of the first sub pixel.

32. The LCD device of ¢laim 1, wherein the second white
sub pixel further includes a color.

33. The LCD device of claim 2, wherein liquid crystal
molecules of'the first colored sub pixel are aligned about 45°
with the respect to an absorption axis of at least one
polarizing sheet in a voltage on-state.

34. The LCD device of claim 2, wherein liquid crystal
molecules of the second white sub pixel are aligned sub-
stantially parallel or perpendicular with the respect to an
absorption axis of at least one polarizing sheet in the voltage
on-state.
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35. The LCD device of claim 10, wherein a remaining
portion of the first sub pixel is formed of white or colored
sub pixels.

36. The LCD device of claim 10, wherein a remaining
portion of the first sub pixel is formed of the same color as
that of the first sub pixel.

37. The LCD device of claim 10, wherein the second
white sub pixel further includes a color.

38. The LCD device of claim 11, wherein liquid crystal
molecules of the first colored sub pixel are aligned about 45°
with the respect to an absorption axis of at least one
polarizing sheet in a voltage on-state.

39. The LCD device of claim 11, wherein liquid crystal
molecules of the second white sub pixel are aligned sub-
stantially parallel or perpendicular with the respect to an
absorption axis of at least one polarizing sheet in the voltage
on-state.

40. The method of claim 21, wherein liquid crystal
molecules of the first colored sub pixel are aligned about 45°
with the respect to an absorption axis of at least one
polarizing sheet in a voltage on-state.

41. The LCD device of claim 21, wherein liquid crystal
molecules of the second white sub pixel are aligned sub-
stantially parallel or perpendicular with the respect to an
absorption axis of at least one polarizing sheet in the voltage
on-state.
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