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(57) ABSTRACT

The present invention relates to a viewing angle controllable
liquid crystal display device. The purpose of the present
invention is to provide a viewing angle controllable liquid
crystal display device applied with TN mode LCD panel in
which a narrow view angle mode is possible in bilateral
symmetry. In order to achieve above mentioned purposes, the
present invention comprises of: a first panel including a TN
mode liquid crystal material having a lowest liquid crystal
layer aligned to -45° direction from a lateral axis of the
device and a upper most liquid crystal layer aligned to +45°
direction from the lateral axis, and a upper polarizing plate
disposing on the TN mode liquid crystal material and having
a light transmission axis parallel to +45° direction from the
lateral axis; a half wave plate disposing above the first panel
and delaying a phase of light passing the first panel so that a
polarization axis determined by the first panel is changed to
perpendicular to the lateral axis; and a second panel disposing
above the half wave plate, including ECB liquid crystal mate-
rial and controlling a viewing angle in bilateral symmetry.
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VIEWING ANGLE CONTROLLABLE LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This invention claims the benefit of Korean Patent
Application No. 10-2006-136013 filed on Dec. 28, 2006,
which is hereby incorporated by in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the present invention relates to a
liquid crystal display device, and more particularly, to a liquid
crystal display (hereinafter, it is also called an “LCD”) in
which the viewing angle can be controlled.

[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display device displays
image by controlling optical transmittance of liquid crystal
materials. An LCD includes liquid crystal cells arrayed in
matrix, and an upper polarizing plate and a lower polarizing
plate attached at both outer sides of the liquid crystal cell
array in which the transmission axis of the two polarizing
plates are disposed in perpendicular or in parallel to each
other. A liquid crystal cell includes a liquid crystal material
having a dielectric anisotropy and optical anisotropy charac-
teristics. Further, the liquid crystal cell includes a pixel elec-
trode and a common electrode for generating an electric field
to drive the liquid crystal material. The pixel electrode is
connected to a switching device, such as a thin film transistor
(or “TFT”). The pixel and common electrodes can be dis-
posed vertically or horizontally so that they can generate an
electric field vertically or horizontally across the liquid crys-
tal material. To generate a vertical electric field, the pixel and
common electrodes are formed on different substrates that are
facing each other with the liquid crystal material between
them. To generate a horizontal electric field, the pixel and
common electrodes are formed on the same substrate.
[0006] The TN (Twisted Nematic) mode, which has more
merits in cost and manufacturing process, is typically used in
the LCD device. The FIGS. 1A and 1B illustrate the structure
ofthe TN mode LCD according to the related art. Referring to
FIGS. 1A and 1B, the TN mode LCD 10 has an upper sub-
strate having a common electrode 15 and an upper polarizing
plate 17, a lower substrate having a pixel electrode 13 and a
lower polarizing plate 11, and liquid crystal molecules 19
disposed in the cell gap between the upper substrate and the
lower substrate. At an initial aligned state, the liquid crystal
molecules 19 of the TN mode are stacked and arrayed with a
continuous twist of 90° from the lower substrate (having the
pixel electrode 13) to the upper substrate (having the common
electrode 15). The upper polarizing plate 17 and the lower
polarizing plate 11 are disposed such that their light transmis-
sion axes (‘a’ and ‘b’) are perpendicular each other.

[0007] Thelower polarizing plate 11 plays therole of polar-
izing the incident light linearly. The liquid crystal molecules
19 change in their aligned or arrayed condition in response to
the electric field generated between the common electrode 15
and the pixel electrode 13. As the aligned state of the liquid
crystal molecules 19 is controlled, the linearly polarized light
through the lower polarizing plate 11 can be controlled. The
upper polarizing plate 17 plays role of transmitting the light
linearly polarized in the same direction as the transmission
axis of the upper polarizing plate 17.

[0008] As shown in FIG. 1 A, when an electric field is not
generated between the pixel electrode 13 and the common
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electrode 15, the liquid crystal molecules 19 maintain their
initially aligned state. At this time, as the incident light 1
enters into LCD device 10 through the lower polarizing plate
11, the light components parallel to the transmission axis (a)
of the lower polarizing plate 11 are passing through the lower
polarizing plate 11 (linear polarization). And then, when the
light passes through twisted liquid crystal materials 19, the
phase is retarded so that the light linear polarization axis is
rotated 90° so that it is parallel to the transmission axis (b) of
the upper polarizing plate 15. Therefore, the light passing
through the liquid crystal material 19 can pass through the
upper polarizing plate 19 and light is presented on the screen
of the LCD panel.

[0009] As shownin FIG 1B, when a vertical electric field is
generated between the pixel electrode 13 and the common
electrode 15, the twisted structure of the liquid crystal mate-
rials 19 is broken by the dipole moment of the liquid crystal
materials due to the applied electric field. The liquid crystal
materials become aligned vertically in parallel with the elec-
tric field. At this time, an incident light 1, which is the light
components parallel to the light axis (a) of the lower polariz-
ing plate 11, is entering into the LCD. When the light com-
ponents encounter the vertically aligned liquid crystal mol-
ecules 19, the polarizing state of the light components is
maintained. Therefore, the light component encountering the
liquid crystal molecules 19 remain polarized perpendicular to
the light transmission axis (b) of the upper polarizing plate 17.
As a result, light can not passes the upper polarizing plate 17
and black image is presented on the screen of LCD panel.

[0010] Inthe TN mode, the initial aligned state of the liquid
crystal molecules 19 is that the lowest layer of the liquid
crystal molecules 19 is parallel with the Y-axis of the plane of
the LCD panel (when the LCD plane is corresponding to the
X-Y plane of the rectangular coordinate system shown in
FIGS.1A and 1B), and the liquid crystal molecules in the next
subsequent layer are twisted a little, the next layer are twisted
a little more and so on with the rest of the layers of liquid
crystal molecules. Finally, the liquid crystal molecules 19 in
the upper most layers are parallel with the X-axis such that it
is twisted 90° with respect to the lowest layer of liquid crystal
molecules. In this case, the LCD device 10 has a gray inver-
sion problem in which the contrast in the up, down, left and
right viewing angles is inversed. To solve this problem in a
typical LCD panel using TN mode liquid crystal material, the
lowest liquid crystal molecules are aligned at a -45° direction
from respect to the Y-axis of the LCD panel 10. From the
lowest layer of liquid crystal molecules, the aligned direc-
tions of the liquid crystal molecules in the layers of liquid
crystal molecules are twisted continuously to 90° as the layers
go upward so that the aligned direction of the liquid crystal
molecules in the upper most layer is aligned at +45° with
respect to the Y-axis of the LCD panel 10. This is determined
by considering that the most users of LCD panel are seeing
the panel from the 6 o’clock direction of the panel. In accor-
dance with the alignment direction of the TN mode liquid
crystal molecules 19, the transmission axis of the upper polar-
izing plate 17 should be disposed at +45° with respect to the
Y-axis of the LCD panel 10. Here, the Y-axis is generally the
lateral direction (long axis) of the LCD panel 10.

[0011] Most LCD devices including TN mode LCD panel
10 are developed to have wide viewing angle so users can see
the normal display information of the screen from any view-
ing angle. However, some fields, such as banking or personal
information conveyance, the viewing angle should be narrow
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in range or controlled to be narrow in range. Therefore, hybrid
types viewing devices in which user can select the viewing
angle according to the using environment or purpose have
been developed.

[0012] Currently, a viewing angle controllable LCD device
includes an LCD panel (also called as ‘Screen Panel’) and a
viewing angle controllable LCD (also called as “View Angle
Panel’) attached thereon. The view angle panel controls the
viewing angle of the display information from the screen
panel. For example, when the view angle panel is not acti-
vated by an electric field, the viewing angle controllable LCD
operates in the wide viewing angle mode so that user can see
normal screen data in any direction of front of the LCD
device. However, when an electric field is applied to the view
angle panel, the viewing angle controllable LCD is operates
to narrow the viewing angle mode of the LCD panel so that
only the user right front of the LCD panel can see screen data.
[0013] The viewing angle controllable LCD device should
control the viewing angle in bilateral symmetry for the most
effective viewing control quality. However, as explained in
above, a TN mode LCD panel 10 typically has polarizing
plates with transmission axis that are at +45° and -45° to the
Y-axis, respectively. Therefore, the light past through from
the TN mode liquid crystal molecules is polarized to at +45°
direction to the Y-axis. As a result, the view angle panel can
not control the viewing angle of the polarized light by the TN
mode LCD panel with bilateral symmetry. In other words, for
an initial state of a TN mode LCD panel in which the trans-
mission axis of the polarizing plates are aligned at 0° and 90°
with respect to the Y-axis, it might be possible to make bilat-
eral symmetry viewing angle controllable LCD using TN
mode LCD. Ifit was, the gray inversion problem would not be
solved. For this reason, a viewing angle controllable LCD
device for a TN mode LCD, which does not have the gray
inversion problem, has not been developed.

SUMMARY OF THE INVENTION

[0014] Accordingly, embodiments of the invention are
directed to a viewing angle controllable liquid crystal display
device that substantially obviates one or more ofthe problems
due to limitations and disadvantages of the related art.
[0015] An object of embodiments of the invention is to
provide a viewing angle controllable liquid crystal display
device for a TN mode LCD panel that does not have gray
inversion at side viewing angles.

[0016] An object of embodiments of the invention is to
provide a viewing angle controllable LCD device for a TN
mode LCD panel in which the view angle can be controlled
with bilateral symmetry.

[0017] Additional features and advantages of embodiments
of the invention will be set forth in the description which
follows, and in part will be apparent from the description, or
may be learned by practice of embodiments of the invention.
The objectives and other advantages of the embodiments of
the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0018] To achieve these and other advantages and in accor-
dance with the purpose of embodiments of the invention, as
embodied and broadly described, a viewing angle control-
lable LCD device includes a first panel including a TN mode
liquid crystal material having a lowest liquid crystal layer
aligned to -45° direction from a lateral axis of the device and
a upper most liquid crystal layer aligned to +45° direction
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from the lateral axis, and a upper polarizing plate disposing
on the TN mode liquid crystal material and having a light
transmission axis parallel to +45° direction from the lateral
axis; a half wave plate disposing above the first panel and
delaying a phase of light passing the first panel so that a
polarization axis determined by the first panel is changed to
perpendicular to the lateral axis; and a second panel disposing
above the half wave plate, including ECB liquid crystal mate-
rial and controlling a viewing angle in bilateral symmetry.

[0019] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included to
provide a further understanding of embodiments of the inven-
tion and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and
together with the description serve to explain the principles of
embodiments of the invention. In the drawings:

[0021] FIGS. 1A and 1B illustrate the structure of a TN
mode liquid crystal display device according to the related
art;

[0022] FIG. 2 illustrates a structure of a viewing angle
controllable liquid crystal display device according to first
and second embodiments of the present invention;

[0023] FIG. 3 illustrates the displaying principle of the
liquid crystal display device shown in FIG. 2;

[0024] FIGS. 4A and 4B illustrate the wide view angle
mode and the narrow view angle mode of a viewing angle
controllable liquid crystal display device according to the first
embodiment of the present invention,

[0025] FIGS. 5A and 5B illustrate the light transmissitive
characteristic graph in wide view angle mode and narrow
view angle mode of a viewing angle controllable liquid crys-
tal display device shown in the FIGS. 4A and 4B;

[0026] FIGS. 6A and 6B illustrate the wide view angle
mode and the narrow view angle mode of a viewing angle
controllable liquid crystal display device according to the
second embodiment of the present invention;

[0027] FIGS. 7A and 7B illustrate the light transmissitive
characteristic graph in wide view angle mode and narrow
view angle mode of a viewing angle controllable liquid crys-
tal display device shown in the FIGS. 6A and 6B;

[0028] FIG. 8illustrates a viewing angle controllable liquid
crystal display device according to the third embodiment of
the present invention;

[0029] FIG. 9 illustrates a first panel shown in FIG. 8;

[0030] FIGS. 10A and 10B illustrate the wide view angle
mode and the narrow view angle mode of a viewing angle
controllable liquid crystal display device according to the
third embodiment of the present invention;

[0031] FIGS. 11A and 11B illustrate the light transmissive
characteristic graph in wide view angle mode and narrow
view angle mode of a viewing angle controllable liquid crys-
tal display device shown in the FIGS. 10A and 10B; and
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[0032] FIG. 12 illustrates the light axis of the half wave
plate shown in FIGS. 4A to 10B.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] The purposes and advantages of the present inven-
tion will be described through the preferred embodiment of
the present invention with reference to the attached drawings
from FIG. 2 to FIG. 12. Embodiments of the present invention
include a half wave plate for rotating the linear polarizing
direction by 45° further from the lateral direction of the sub-
strate so that the polarizing direction is perpendicular to the
lateral direction of the substrate. This half wave plate can be
disposed between the TN mode liquid crystal material of the
Screen Panel and the ECB mode liquid crystal material of the
View Angle Panel. Referring to the relevant figures, the pre-
ferred embodiments according to the present invention will
be explained in detail.

[0034] FIG. 2 illustrates a structure of a viewing angle
controllable liquid crystal display device according to first
and second embodiments of the present invention. Referring
to FIG. 2, a viewing angle controllable LCD of embodiments
of the present invention device includes a first panel 20 having
a TN mode liquid crystal device and a second panel 40 selec-
tively controlling the view angle of the picture presented from
the first panel 20.

[0035] FIG. 3 illustrates the displaying principle of the
liquid crystal display device shown in FIG. 2. Referring to
FIG. 3, the first panel 20 includes an upper plate 24a having
a common electrode 25 and a upper polarizing plate 27a, a
lower plate 22 having a pixel electrode 23 and a lower polar-
izing plate 21, and liquid crystal molecules 29 positioned
between the upper plate 24a and the lower plate 22. At an
initial state, the liquid crystal molecules 29 of the first panel
20 are stacked as several layers such that the molecules of
layers are twisted continuously 90° from the lowest layer to
the upper most layer.

[0036] In the first and second embodiments of the present
invention, the upper polarizing plate 274 and the lower polar-
izing plate 21 are arranged such that the light transmission
axes (‘a’and ‘b”) are perpendicular each other. To prevent the
gray inversion problem, the lowest layer of the liquid crystal
material 29 of the first panel 20 is aligned at —45° with respect
to the Y-axis. The other layers of the liquid crystal molecules
29 are stacked with a continuous or helical twist. The upper
most layers of the liquid crystal molecules 29 are aligned at a
+45° direction with respect to the Y-axis. The Y-axis is parallel
with the lateral direction of the Viewing Angle Panel. There-
fore, the lower polarizing plate 21 is disposed so that its light
transmission axis is parallel with the alignment direction of
the lowest layer of the liquid crystal molecules 29. That is, the
light transmission axis (a)is disposed at a —45° withrespect to
the Y-axis. In addition, the upper polarizing plate 27q is
disposed so that its light transmission axis is parallel with the
alignment direction of the upper most layer of the liquid
crystal material 29. That is, the light transmission axis (b) is
disposed at a +45° direction with respect to the Y-axis.
[0037] When an electric field is not applied between the
pixel electrode 23 and the common electrode 25, the liquid
crystal molecules 29 maintain their initial alignment state.
During this condition, the light 12 incident to the first panel 20
at the lower polarizing plate 21 is linearly polarized because
the light component parallel to the light transmission axis (a)
can pass through the lower polarizing plate 21. As the linearly
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polarized light is passing through the twisted layers of liquid
crystal molecules 29, the polarizing direction is changed by
90°. The polarizing direction of the light that has past through
the liquid crystal molecules 29 changes to be parallel with the
light transmission axis (b) of the upper polarizing plate 27a.
As aresult, the linearly polarized light of the lower polarizing
plate 21 can pass through the upper polarizing plate 27a. The
polarizing direction of the light passing through the upper
polarizing plate 27a is parallel to the +45° direction with
respect to the Y-axis or lateral axis.

[0038] The linearly polarized light at +45° with respect to
the Y-axis passes through the first panel 20 and then enters
into the second panel 40. The lower plate 22 of the first panel
20 can also include an optical film 31 between the pixel
electrode 23 and the lower polarizing plate 21 to enhance
optical properties of the light passing through the lower plate
22. The upper plate 24q of the first panel 20 can also include
an optical film 33 between the common electrode 25 and the
upper polarizing plate 274 for enhancing optical properties of
the light passing through the upper plate 24a.

[0039] The second panel 40 includes an upper plate 43, a
lower plate 41 and ECB (Electrically Controlled Birefrin-
gence) liquid crystal molecules 45 positioned between the
upper plate 43 and the lower plate 41. The ECB liquid crystal
molecules 45 phase retards the light in an effective directions.
However, these effective directions are not parallel or perpen-
dicular to the major axis of the liquid crystal material.
Accordingly, the second panel 40 controls the viewing angle
using this property of the ECB liquid crystal molecules 45.
[0040] Controlling the viewing angle determines whether
or not a person who is located at a side angle of the monitor
sees the data shown on the monitor. In the wide viewing angle
mode, people sitting at viewing angle of the monitor can see
the data on the monitor. In the narrow viewing angle mode,
only a person sitting right in front of the monitor can see the
data and any other people viewing from a side viewing angel
can not see the data on the monitor, Therefore, to control the
view angle effectively with the ECB liquid crystal molecules
45, the viewing angle control should be performed with bilat-
eral symmetry. To do so, the light incident to the ECB liquid
crystal material should be polarized vertically, that is perpen-
dicular to the Y-axis or lateral direction of the display panel. In
embodiments ofthe present invention, the light linearly polar-
ized at 45° with respect to the Y-axis after passing through the
first panel 20 should be reoriented to be polarized at 90° with
respect to the Y-axis before entering into the ECB liquid
crystal material of the second panel 40. To do so, the present
invention includes a half-wave plate 51a.

[0041] The half-wave plate changes the polarizing direc-
tion of incident light by 45° with respect to its initial polar-
izing direction. Therefore, light polarized at +45° with
respect to the Y-axis passes through the first panel 20 so as to
become polarized to a 90° with respect to the Y-axis by
passing the lower plate of the second panel 40. After that, the
light polarized at a 90° direction with respect to the Y-axis can
be controlled with bilateral symmetry. Referring to FIGS. 4A,
4B, 6A, 6B, 10A and 10B, the structure of the lower panel of
the second panel 40 will be explained for different embodi-
ments.

[0042] FIGS. 4A and 4B illustrate the wide viewing angle
mode and the narrow viewing angle mode in the viewing
angle controllable LCD device according to the first embodi-
ment of the present invention. Referring to FIGS. 4A and AB,
the second panel 40 according to the first embodiment
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includes an upper plate 43 having an upper polarizing plate 59
and a first electrode 57, a lower plate 41a having a lower
polarizing plate 51a and a second electrode 55, and ECB
liquid crystal molecules 45 positioned between the upper
plate 43 and the lower plate 41a. The upper polarizing plate
59 is disposed such that its light transmission axis (d) is
parallel with the major axis of the ECB liquid crystal mol-
ecules 45 in an initial state to pass the light passing through
the ECB liquid crystal molecules 45. Further, the lower plate
41a of the second panel 40 includes a half wave plate 53a on
the lower polarizing plate 51a. In the first embodiment, the
light transmission axis (c) of the lower polarizing plate 51a is
parallel with the light transmission axis (b) of the upper
polarizing plate 27a of the first panel 20 for the light past the
first panel 20 to be incident onto the half wave plate 53a. That
is, the light passing through the lower polarizing plate 51a of
the second panel 40 is at +45° with respect to the Y-axis. This
linearly polarized light passing the half wave plate 53a
changes its polarization direction by rotating 45° more. As a
result, the resultant light is at 90° with respect to the Y-axis
such that the resultant light is parallel to the X-axis, as shown
in FIGS. 4A and 4B. The resultant linearly polarized light
parallel with the X-axis enters into the ECB liquid crystal
molecules 45. Initially, the ECB liquid crystal molecules 45 is
aligned with the polarizing axis of resultant linearly polarized
light from the half wave plate 53a. That is, the major axis of
the ECB liquid crystal molecules 45 is aligned at 90° with
respect to the Y-axis or lateral axis. The initial alignment state
of the ECB liquid crystal molecules 45 is changed when an
electric field is applied between the first electrode 57 and the
second electrode 55. In the first embodiment, the second
panel 40 includes the lower polarizing plate 51a. However,
the lower polarizing plate 51a only ensures the linear polar-
ization direction of the incident light on the half wave plate
53a. Therefore, the lower polarizing plate 51a is not neces-
sarily required for the main function of the second panel 40.

[0043] When an electric field is not applied between the
first electrode 57 and the second electrode 55, the ECB liquid
crystal molecules 45 maintain its initial alignment state, as
shown in FIG. 4A. Inthe initial state, the polarizing axis of the
light from the half wave plate 53a is parallel with the aligned
direction of the major axis of the ECB liquid crystal mol-
ecules 45. The light 42a traveling to the right front direction
(Z-axis) of the viewing angle controllable display device has
a polarized direction parallel with the major axis of the ECB
liquid crystal molecules 45. Therefore, the light 42a can
transmit the light transmission axis (d) of the upper polarizing
plate 59 so as to be shown to an observer (A) in the front of the
display device. In addition, the light 425 or 42¢ traveling to
side viewing angles also has a polarized direction parallel
with the major axis of the ECB liquid crystal molecules 45.
Therefore, the light 425 or 43¢ can transmit through the light
transmission axis (d) of the upper polarizing plate 59 and is
shown to observers at the sides (B or C). As a result, all lights
42 through the half wave plate 53a are shown for all viewing
angles. Accordingly, when the second panel 40 is turned off,
the ECB liquid crystal molecules 45 maintain the initial align-
ment condition. The viewing angle controllable liquid crystal
display device is operated in the wide view angle mode.

[0044] On the contrary, when an electric field is applied
between the first electrode 57 and the second electrode 55 of
the second panel 40, the ECB liquid crystal molecules 45 is
rearranged along with the electric field direction so that the
major axis is vertically raised up, as shown in FIG. 4B. Then,
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only the light 42a traveling right to the front direction (Z-axis)
of the viewing angle controllable display device has the polar-
ized direction perpendicular to the major axis of the ECB
liquid crystal molecules 45. Therefore, the polarized light 424
is not affected by the ECB liquid crystal molecules 45. In that
case, the light 42a can transmit through the light transmission
axis (d) of the upper polarizing plate 59 and be shown to an
observer (A) at the front viewing angle. However, the light
42b or 42¢ traveling to side viewing angles has polarized
directions that are not parallel or vertical to the major axis of
the ECB liquid crystal molecules 45. Therefore, the phase of
the lights 425 or 43¢ is retarded by the ECB liquid crystal
molecules 45 so that the polarizing direction is changed. As a
result, the lights 425 or 43¢ can not transmit through the light
transmission axis (d) of the upper polarizing plate 59 and thus
are not shown to observers (B or C) at side angles. That s,
when the second panel 40 is turned on, the ECB liquid crystal
molecules 45 is aligned vertical to the surface of the panel 40.
The viewing angle controllable liquid crystal display device
is operated in a narrow view angle mode.

[0045] FIGS. 5A and 5B are contour maps illustrating the
trasmissitive characteristics of the wide viewing angle mode
and the narrow viewing angle mode in the viewing angle
controllable liquid crystal display device of FIGS. 4A and 4B,
respectively. The second panel according to the first embodi-
ment controls the viewing angle of the polarized light at 90°
with respect to the Y-axis by the half wave plate included in
the second panel. Therefore, it is possible to control the view-
ing angle with bilateral symmetry. The viewing angle con-
trollable device according to the first embodiment can pro-
vide a narrow viewing angle mode with bilateral symmetry.

[0046] Next, the second embodiment will be explained.
The basic concept of the second embodiment is somewhat
similar to that of the first embodiment. The second embodi-
ment considers the manufacturing process in which the first
panel and the second panel are provided as modules, and they
are jointed with a half wave plate between them.

[0047] FIGS. 6A and 6B illustrate the wide viewing angle
mode and the narrow viewing angle mode of the viewing
angle controllable liquid crystal display device according to
the second embodiment. Referring to FIGS. 6A and 6B, the
second panel 40" includes an upper plate 43 having an upper
polarizing plate 59 and a first electrode 57, a lower plate 415
having alower polarizing plate 515 and a second electrode 55,
and an ECB liquid crystal molecules 45 positioned between
the upper plate 43 and the lower plate 415. The light trans-
mission axis (d) of the upper polarizing plate 59 is parallel
with the major axis of the ECB liquid crystal molecules 45 to
pass the light from the ECB liquid crystal molecules 45. The
second panel 40' is joined with the first panel 20 in the first
embodiment. Here, a half wave panel 53 is inserted between
the first panel 20 and the second panel 40'. The half wave plate
53 changes the linear polarizing direction of the light at +45°
with respect to the Y-axis from the first panel 20 to 90° with
respect to the Y-axis. Therefore, the lower polarizing plate
5154 of the second panel 40" should be disposed to have the
light transmission axis parallel to the light axis linearly polar-
ized by the half wave plate 53. However, the lower polarizing
plate 515 is not necessarily required. The light transmission
axis (¢') of the lower polarizing plate 515 is aligned by con-
sidering the polarizing condition of the light after passing the
half-wave plate 53b. For example, when the light is linearly
polarized at +45° with respect to the Y-axis after passing
through the first panel 20 and then passes through the half-
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wave plate 53, the polarizing direction is rotated 45° more so
that the light becomes linearly polarized at 90° with respect to
the Y-axis, as shown in FIGS. 6A and 6B. Therefore, the light
transmission axis (c') of the lower polarizing plate 515 is set
to be perpendicular to the Y-axis or lateral axis. Subsequently,
the light passes through the lower polarizing plate 515 and
then enters into the ECB liquid crystal molecules 45. Using
the ECB liquid crystal molecules 45, the light can be con-
trolled to be in a narrow viewing angle mode or in a wide
viewing angle mode. The detail methods for the narrow and
wide viewing angle modes are the same as described in FIGS.
4A and 4B so it will not be described again.

[0048] FIGS. 7A and 7B are the contour maps illustrating
the trasmissitive characteristics of the wide viewing angle
mode and the narrow viewing angle mode in the viewing
angle controllable liquid crystal display device of FIGS. 5A
and 5B, respectively. The second panel according to the sec-
ond embodiment of the present invention controls the view-
ing angle of the light linearly polarized at 90° with respect to
the Y-axis by the half-wave plate, so that it can be controlled
with bilateral symmetry. The viewing angle controllable LCD
device according to the second embodiment can accomplish
the narrow viewing angle mode with bilateral symmetry, as
shown in FIG. 7B. In the second embodiment, the lower
polarizing plate 515 of the second panel 40' can be removed
for the same reason as in the first embodiment.

[0049] The concept of the third embodiment is somewhat
similar to the first and second embodiments. The difference is
that the half wave plate is included when the first panel is
manufactured.

[0050] FIG. 8 illustrates the brief structure of the viewing
angle controllable liquid crystal display device according to
the third embodiment of the present invention. Referring to
FIG. 8, the viewing angle controllable liquid crystal display
device includes a first panel 90 having a TN mode liquid
crystal material for representing the video data, and a second
panel 95 attaching to the first panel 90 for controlling the
viewing angle of the video data selectively.

[0051] FIG. 9 illustrates a first panel shown in FIG. 8.
Referring to FIG. 9, the first panel 90 includes a upper plate
24bhaving a common electrode 25, a half wave plate 53¢ and
a upper polarizing plate 275 on the half wave plate 53¢, a
lower plate 22 having a pixel electrode 23 and a lower polar-
izing plate 21, and liquid crystal materials 29 positioned
between the upper plate 245 and the lower plate 22. In an
initial alignment state, the liquid crystal material 29 in the first
panel 90 has a continuously twisted 90° stacking structure
between the common electrode 25 and the pixel electrode 23.
Unlike in the first and second embodiments, the light trans-
mission axes (a and b') of the lower polarizing plate 21 and the
upper polarizing plate 276 are not disposed perpendicular
with respect to each other.

[0052] Here, the light transmission axes (a and b') of the
lower polarizing plate 21 and the upper polarizing plate 275
wouldbe described in detail. The light transmission axis (a) of
the lower polarizing plate 21 is set to —45° direction from the
Y-axis because that the lowest liquid crystal layer 29 is
aligned to the -45° direction from the Y-axis for improving
the gray inversion problem. The light transmission axis (b") of
the upper polarizing plate 275 is set to parallel with the
polarizing direction of the light passing the half wave plate
53c¢. The polarized direction of the light after passing through
the half wave panel 53¢ is determined by the polarized direc-
tion of the light entering into the half wave plate 53¢. In the
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third embodiment of the present invention, the light entering
into the half wave plate 53¢ has passed through the liquid
crystal material 29 of the first panel 90. The light path through
the first panel 90 will be described in detail.

[0053] When an electric filed is not applied between the
pixel electrode 23 and the common electrode 25, the liquid
crystal material 29 maintains an initially aligned state. During
the initially aligned state, the light entering into the first panel
90 transmits through the lower polarizing plate 21 at first.
Then, it is linearly polarized so that the light parallel with the
light transmission axis (a) of the lower polarizing plate 21
passes through. The linearly polarized light then passes
through the continuously or helically twisted liquid crystal
materials 29 so that the phase of the light will be retarded.
Therefore, the light passing through the liquid crystal mate-
rial 29 of the first panel 90 is linearly polarized at +45° with
respect to the Y-axis. The light then enters into the half wave
plate 53¢. The half wave plate 53¢ rotates the linearly polar-
ized direction of the light by 45° more. As a result, the light
from the half wave plate 53¢ is linearly polarized at 90° with
respect to the Y-axis. Therefore, the light transmission axis
(b") of the upper polarizing plate 27 included in the first panel
90 should be set be at 90° with respect to the Y-axis.

[0054] Here, the first upper plate 245 and the lower plate 22
of the first panel 90 can further include viewing angle com-
pensation films 31 or 33 for enhancing the view angle in the
wide view angle mode. The light linearly polarized to 90°
direction from the Y-axis enters into the second panel 95.

[0055] The second panel 95 of the third embodiment for the
present invention includes an upper plate and lower plate
joining each other with a cell gap, and an ECB liquid crystal
material between them. The ECB liquid crystal material can
control the light linearly polarized at 90° with respect to the
Y-axis after passing the first panel in bilateral symmetry,
especially in narrow view angle mode. The structure of the
second panel 95 will be described with referring to the FIGS.
10A and 10B.

[0056] The FIGS. 10A and 10B illustrate the wide viewing
angle mode and the narrow viewing angle mode of the view-
ing angle controllable liquid crystal display device according
to the third embodiment. The second panel 95 according to
the third embodiment of the present invention includes an
upper plate 43 having an upper polarizing plate 59 and a first
electrode 57, a lower plate 41¢ having a lower polarizing plate
51c¢ and a second electrode 55, and ECB liquid crystal mate-
rials 45 positioned between the upper plate 43 and the lower
plate 41¢. The light transmission axis (d) of the upper polar-
izing plate 59 is disposed to parallel with the major axis of the
ECB liquid crystal molecules 45 at initial alignment to trans-
mit the light past the ECB liquid crystal molecules 45. The
light transmission axis (¢") of the lower polarizing plate 51¢
in the lower plate 41¢ of the second panel 95 is parallel to the
linearly polarized direction of the light past the first panel 90.
As the light passing the first panel 90 according to the third
embodiment is linearly polarized to 90° direction from the
Y-axis, the light transmission axis (c") of the lower polarizing
plate 51c should be set to 90° direction from the Y-axis.
Therefore, the light maintains its polarized condition after
passing through the lower polarizing plate 51c. After that, the
light enters into the ECB liquid crystal molecules 45. The
methods for obtaining the narrow and wide viewing angle
modes are the same as described with regard to FIGS. 4A and
4B so it will not be described again.
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[0057] TheFIGS. 11A and 11B are the contour maps illus-
trating the transmission characteristics of the wide view angle
mode and the narrow viewing angle mode in the viewing
angle controllable liquid crystal display device of FIGS. 10A
and 10B, respectively. In the third embodiment of the present
invention, the second panel can control the viewing angle of
the light linearly polarized at 90° with respect to the Y-axis
using the half wave plate 53¢ included in the first panel 90
with bilateral symmetry. The viewing angle controllable
device according to the third embodiment can narrow the
viewing angle mode with bilateral symmetry. In the third
embodiment, the lower polarizing plate 51¢ of the second
panel 95 can be removed for the same reason as in the first
embodiment.

[0058] FIG. 12 illustrates the light transmission axis (e) of
the halfwave plates 53a, 536, and 53¢ shown in FIGS. 4A, 6 A
and 9, respectively. As described above, the half wave plates
53a, 53b, and 53¢ rotate the polarized direction of linearly
polarized light. The finally rotated polarized direction is
determined by the angle difference between the direction of
the light transmission axis (e) of the half wave plates 534, 535,
and 53¢ and the polarized direction of the incident light.
Therefore, the light transmission axis (e) of the half wave
plates 53a, 535, and 53¢ should be oriented by considering the
polarizing direction of the light linearly polarized at +45°
with respect to the Y-axis or lateral axis. To change the light
from being linearly polarized at +45° to 90° with respect to
the Y-axis, the light transmission axis (e) of the half wave
plates 53a, 535, and 53¢ is set to be plus or minus 5°~35° to
an axis at +45° with respect to the Y-axis. In other words, the
light transmission axis (e) of the half wave plates 53a, 536,
and 53¢ can be set within the ranges of 50°~80° with respect
to the Y-axis and or 10°~40° with respect to the Y-axis so as to
change the light from being linearly polarized at +45° with
respect to the Y-axis to being linearly polarized at 90° with
respect to the Y-axis. To keep light loss ata minimum, the light
transmission axis (e) of the half wave plates 53a, 535, and 53¢
should be setin 45°+22,5° from the Y-axis. In other words, the
light transmission axis (e) of the half wave plates 53a, 536,
and 53¢ would be preferably set in 22.5° or 67.5° with respect
to the Y-axis.

[0059] The half wave plates 534, 535, and 53¢ change the
polarizing direction of the visible light within the wave-
lengths of 400 nm~700 nm. To change the polarizing direc-
tion of the light in wider range of wavelengths, the half wave
plate 53a or 51a would have to be a wide band half wave plate.
The wide band half wave plate has the structure of two or
more half wave plates overlapped such that the material for
retarding phase can affect to a wider band of light wave-
lengths.

[0060] As described in the above mentioned embodiments,
the viewing angle controllable LCD device according to
embodiments of the present invention includes a TN mode
panel for representing video data, a ECB mode panel for
controlling the viewing angle of the video data and a half
wave plate for controlling the viewing angle in bilateral sym-
metry. In addition, the viewing angle controllable LCD
device according to embodiments of the present invention can
accomplish the bilateral symmetry viewing angle control just
by applying a viewing angle controlling panel having a half
wave plate or by attaching a half wave plate on the TN mode
panel, without changing the conventional TN mode panel.
[0061] It should be understood that the invention is not
limited to the embodiments. Various changes or modifica-
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tions can be made under the condition that those changes or
modifications do not depart from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and its equivalents.

What is claimed is:

1. A viewing angle controllable liquid crystal display
device, comprising:

a first type of liquid crystal molecules oriented to transmit
polarized light at an off-angle from a lateral axis of the
device to prevent a gray inversion at side viewing angles;

a half wave plate structure for delaying a phase of the
polarized light from the first type of liquid molecules so
that the polarized light is reoriented to be perpendicular
to the lateral axis of the display device; and

a second type of liquid crystal molecules for selectively
switching between narrow and wide viewing angles with
a bilateral symmetry.

2. The viewing angle controllable liquid crystal display
device according to claim 1, wherein the first type of liquid
crystal molecules are twisted nematic and the second type of
liquid crystal molecules are electrically controlled birefrin-
gence.

3. The viewing angle controllable liquid crystal display
device according to claim 1, wherein the first type of liquid
crystal molecules are positioned between a common elec-
trode and a pixel electrode of a first panel.

4. The viewing angle controllable liquid crystal display
device according to claim 3, wherein the first panel includes
an upper polarizer.

5. The viewing angle controllable liquid crystal display
device according to claim 4, wherein the first panel includes
an optical film between the upper polarizer and the pixel
electrode.

6. The viewing angle controllable liquid crystal display
device according to claim 4, wherein the first panel includes
the half wave plate structure between the upper polarizer and
the pixel electrode.

7. The viewing angle controllable liquid crystal display
device according to claim 1, wherein the second type of liquid
crystal molecules are positioned between a first electrode and
a second electrode of a second panel.

8. The viewing angle controllable liquid crystal display
device according to claim 7, wherein the second panel
includes a lower polarizing plate for receiving the polarized
light at an off-angle from the lateral axis.

9. The viewing angle controllable liquid crystal display
device according to claim 8, wherein the second panel
includes the half wave plate structure between the second
electrode and the lower polarizing plate.

10. The viewing angle controllable liquid crystal display
device according to claim 1, wherein the first type of liquid
crystal molecules are positioned within a first panel and the
second type of liquid crystal molecules are positioned within
a second panel.

11. The viewing angle controllable liquid crystal display
device according to claim 10, wherein the half wave plate
structure is between the first and second panels.

12. The viewing angle controllable liquid crystal display
device according to claim 1, wherein the half wave plate
structure has at least two half wave plates overlapped.

13. A viewing angle controllable liquid crystal display
device according to claim 1,
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twisted nematic liquid crystal molecules positioned
between an upper polarizer and a pixel electrode of a first
panel;
ahalf' wave plate structure for delaying a phase of the light
from the twisted nematic liquid crystal molecules; and

electrically controlled birefringence liquid crystal mol-
ecules are positioned between an upper polarizing plate
and a lower polarizing plate,

wherein the upper polarizer has first transmission axial

direction different than a second transmission axial
direction of the upper polarizing plate.

14. The viewing angle controllable liquid crystal display
device according to claim 13, wherein the first transmission
axial direction is parallel to the lateral axis of the display
device.

15. The viewing angle controllable liquid crystal display
device according to claim 13, wherein the second transmis-
sion axial direction is at 45° with respect to the lateral axis of
the device.

16. The viewing angle controllable liquid crystal display
device according to claim 13, wherein the half wave plate
structure is between the first and second panels.

17. The viewing angle controllable liquid crystal display
device according to claim 13, wherein the half wave plate
structure is between the electrically controlled birefringence
liquid crystal molecules and the lower polarizing plate.
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18. The viewing angle controllable liquid crystal display
device according to claim 13, wherein the half wave plate
structure is between the upper polarizer and the twisted nem-
atic liquid crystal molecules.

19. A viewing angle controllable liquid crystal display
device, comprising:

twisted nematic liquid crystal molecules positioned
between an upper polarizer and a pixel electrode of a first
panel for delaying a phase of light to change polarization
direction of the light by 90°;

a half wave plate structure for delaying a phase of the light
from the twisted nematic liquid crystal molecules to
further change polarization direction by 45°; and

electrically controlled birefringence liquid crystal mol-
ecules positioned between an upper polarizing plate and
a lower polarizing plate,

wherein the upper polarizer has first transmission axial
direction having a 45° difference with a second trans-
mission axial direction of the upper polarizing plate.

20. The viewing angle controllable liquid crystal display
device according to claim 19, wherein the lower polarizing
plate has a third transmission axial direction parallel to the a
second transmission axial direction of the upper polarizing
plate.
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