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(57) ABSTRACT

A liquid crystal display (LCD) device is switchable between
a wide viewing angle display mode and a narrow viewing
angle display mode. The LCD device includes and LCD
panel having an array substrate, a color filter substrate, and
a liquid crystal layer disposed between the array substrate
and the color filter substrate and a viewing angle control cell
disposed adjacent to the LCD panel. The viewing angle
control cell has first and second substrates, first and second

(22)  Filed: Dec. 28, 2005 electrodes disposed between the first and second substrates,
(30) Foreign Application Priority Data an insulating layer disposed between the first and second
electrodes, and a sheet layer having pigments disposed
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LCD DEVICE FOR SWITCHING BETWEEN WIDE

VIEWING ANGLE DISPLAY MODE AND NARROW

VIEWING ANGLE DISPLAY MODE AND METHOD
FOR FABRICATING THE SAME

[0001] This application claims the benefit of Korean
Patent Application No. 58941/2005 filed in Korea on Jun.
30, 2005, which is hereby incorporated by reference.

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 fabricating the same,
and more particularly, to an LCD device for switching
between a wide viewing angle display mode and a narrow
viewing angle display mode and a method for fabricating the
same.

[0004] 2. Description of the Related Art

[0005] For a flat panel display device with a high picture
quality and low consumption power. liquid crystal display
(LCD) devices are being increasingly used. LCD devices
control an optical transmittance using a liquid crystal layer
interposed between two substrates and by controlling an
intensity of an electric field applied to an electrode formed
at the substrate. LCD devices are being widely used in
notebook computers, personal digital assistants (PDAs),
video telephones, televisions, and various portable elec-
tronic devices.

[0006] According to a user’s various demands, an LCD
device having a large screen, a fine pitch, and a wide viewing
angle is being developed. LCD devices having a wide
viewing angle include an LCD device using a horizontal
field driving method, and an LCD device having a compen-
sating film using a vertical alignment (VA) method.

[0007] In the LCD device using the horizontal field driv-
ing method, a pixel electrode and a common electrode are
formed on the same substrate such that an electric field
horizontal to the substrate is formed between the pixel
electrode and the common electrode when the pixel elec-
trode is turned on. Accordingly, a long axis of liquid crystal
molecules is operated in parallel with the substrate accord-
ing to the pixel electrode being switched on or off. As a
result, a refractive index of the liquid crystal observed by the
user’s eyes is small, thereby providing an excellent contrast
ratio and wide viewing angle.

[0008] By comparison, an LCD device using the vertical
alignment (VA) method implements a viewing angle by
attaching a compensation film at an inner side of a polarizing
plate. The LCD device using the vertical alignment (VA)
method comprises a pair of transparent substrates having a
transparent electrode at an inner surface thereof, a liquid
crystal material injected between the two substrates and
aligned to be perpendicular to the substrate, and a pair of
polarizing plates perpendicularly attached to an outer sur-
face of each transparent substrate for polarizing light.
Recently, a mode in which liquid crystal molecules are
divided by forming an opening pattern or a protrusion on a
transparent electrode without performing a rubbing has been
proposed.

[0009] A general LCD device for implementing a viewing
angle will be explained with reference to FIG. 1. FIG. 1 is
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a sectional view schematically showing a liquid crystal
display (LCD) device in accordance with the related art.

[0010] As shown, a general LCD device comprises a thin
film transistor (TFT) array substrate 11, a color filter sub-
strate 41 facing and attached to the TFT array substrate 11
with a uniform gap, and a liquid crystal layer 51 disposed
between the TFT array substrate 11 and the color filter
substrate 41. On the TFT array substrate 11, pixels are
arranged in a matrix form. A thin film transistor 20, a pixel
electrode 27, and a capacitor (not shown) are formed at each
unit pixel. The thin film transistor 20 comprises a gate
electrode 13 formed on the TFT array substrate 11, a gate
insulating layer 15 formed on the TFT array substrate 11
including the gate electrode 13, a semiconductor layer 17,
and source/drain electrodes 21 and 23 formed on the semi-
conductor layer 17 and spaced from each other with a certain
gap. The pixel electrode 27 is electrically connected to the
drain electrode 23 through a drain contact hole (not shown)
formed in a passivation layer 25 formed on an entire surface
of the TFT array substrate 11 having the source/drain
electrodes 21 and 23. On the color filter substrate 41, a
common electrode 47 for applying an electric field through
the liquid crystal layer 51 to the pixel electrode 27 of the
TFT array substrate 11, R, G, and B color filters 45 for
implementing color, and a black matrix 43 are formed. An
alignment layer (not shown) is formed at the inside surfaces
of the TFT array substrate 11 and the color filter substrate 41.
Also, liquid crystal is arranged on a surface of the alignment
layer (not shown) in a certain direction determined by a
rubbing direction of the alignment layer.

[0011] The liquid crystal is rotated by dielectric anisotropy
when an electric field is applied between the pixel electrode
27 formed at each pixel of the TFT array substrate 11 and the
commor electrode 47 formed at the front surface of the color
filter substrate 41. Accordingly, images are displayed by
passing light through each pixel or by preventing light from
being transmitted through each pixel.

[0012] The color filter substrate 41 and the TFT array
substrate 11 are respectively provided with a first polarizing
plate 61 and a second polarizing plate 63. The polarizing
plates 61 and 63 polarize natural light incident with vibra-
tion in several directions into one direction (that is, polar-
ization).

[0013] 1In the LCD device, light 71 from a backlight is
emitted to a front surface of an LCD panel, and the light
passes through several diffusion sheets (not shown) to obtain
a uniform brightness. As the light is incident on the front
surface of the LCD panel, an image can be displayed in a
wide viewing angle.

[0014] The general LCD device being developed gener-
ally has a wide viewing angle. However, in specific cases,
the LCD device is desired to have a narrow viewing angle.

[0015] The related art LCD device has a number of
problems. For example, even if an image can be displayed
in a wide viewing angle using light incident on the front
surface of the LCD panel, a narrow viewing angle and a
wide viewing angle cannot be actively controlled. Although
not shown, a viewing angle can be narrowed by applying a
film-type filter or an optical fiber to the LCD panel. How-
ever, a display mode cannot be switched between a wide
viewing angle and a narrow viewing angle, and a brightness
of the front surface of the LCD panel is drastically
decreased.
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SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention is directed to a
LCD device for switching between wide viewing angle
display mode and narrow viewing angle display mode and
method for fabricating the same that substantially obviates
one or more of the problems due to limitations and disad-
vantages of the related art.

[0017] An object of the present invention is to provide a
liquid crystal display (LCD) device for switching between a
wide viewing angle display mode and a narrow viewing
angle display mode.

[0018] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
(LCD) device for switching between a wide viewing angle
display mode and a narrow viewing angle display mode
comprises an LCD panel including an array substrate, a
color filter substrate, and a liquid crystal layer disposed
between the array substrate and the color filter substrate; and
a viewing angle control cell disposed adjacent to the LCD
panel, the viewing angle control cell including first and
second substrates, first and second electrodes disposed
between the first and second substrates, an insulating layer
disposed between the first and second electrodes, and a sheet
layer having pigments disposed between the first and second
substrates.

[0019] In another aspect, a method for fabricating a liquid
crystal display (LCD) device for switching between a wide
viewing angle display mode and a narrow viewing angle
display mode, comprises forming an LCD panel including
an array substrate, a color filter substrate, and a liquid crystal
layer between the array substrate and the color filter sub-
strate; and forming a viewing angle control cell disposed
adjacent to the LCD panel, the viewing angle control cell
including first and second substrates. first and second elec-
trodes disposed between the first and second substrates, an
insulating layer disposed between the first and second elec-
trodes, and a sheet layer having pigments disposed between
the first and second substrates.

[0020] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included
to provide a further understanding of the invention 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 the inven-
tion. In the drawings:

[0022] FIG. 1 is a sectional view schematically showing a
liquid crystal display (LCD) device in accordance with the
related art;

[0023] FIG. 2 is a sectional view showing an LCD device
for implementing a wide viewing angle when a signal is not
applied to a viewing angle control cell using white pigments
in an LCD device for switching between a wide viewing
angle display mode and a narrow viewing angle display
mode according to a first exemplary embodiment of the
present invention;
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[0024] FIG. 3 is a sectional view showing an LCD device
for implementing a narrow viewing angle when a signal is
applied to a viewing angle control cell using white pigments
in the LCD device for switching between a wide viewing
angle display mode and a narrow viewing angle display
mode according to the first exemplary embodiment of the
present invention;

[0025] FIG. 4 a sectional view showing an LCD device for
implementing a wide viewing angle when a signal is not
applied to a viewing angle control cell using black pigments
in an LCD device for switching between a wide viewing
angle display mode and a narrow viewing angle display
mode according to a second exemplary embodiment of the
present invention;

[0026] FIG. 5 is a sectional view showing an LCD device
for implementing a narrow viewing angle when a signal is
applied to a viewing angle control cell using black pigments
in the LCD device for switching between a wide viewing
angle display mode and a narrow viewing angle display
mode according to the second embodiment of the present
invention;

[0027] FIG. 6 is a view showing a structure for narrowing
right and left inclined viewing angles using a longitudinal
straight-type electrode in an LCD device for switching
between a wide viewing angle display mode and a narrow
viewing angle display mode according to another exemplary
configuration of the present invention;

[0028] FIG. 7 is a view showing a structure for narrowing
upper and lower inclined viewing angles using a horizontal
straight-type electrode in the LCD device for switching
between a wide viewing angle display mode and a narrow
viewing angle display mode according to still another exem-
plary configuration of the present invention; and

[0029] FIG. 8 is a view showing a structure for narrowing
right, left, upper, and lower inclined viewing angles using a
lattice type electrode in the LCD device for switching
between a wide viewing angle display mode and a narrow
viewing angle display mode according to yet another exem-
plary configuration of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0030] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0031] Aliquid crystal display (LCD) device for switching
between a wide viewing angle display mode and a narrow
viewing angle display mode according to exemplary
embodiments of the present invention will be explained with
reference to FIGS. 2 to 8.

[0032] FIG. 2 is a sectional view showing an LCD device
for implementing a wide viewing angle when a signal is not
applied to a viewing angle control cell using white pigments
in an LCD device for switching between a wide viewing
angle display mode and a narrow viewing angle display
mode according to a first embodiment of the present inven-
tion. FIG. 3 is a sectional view showing an LCD device for
implementing a narrow viewing angle when a signal is
applied to a viewing angle control cell using white pigments
in the LCD device for switching between a wide viewing
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angle display mode and a narrow viewing angle display
mode according to the first embodiment of the present
invention.

[0033] As shown in FIG. 2, a liquid crystal display (LCD)
device for switching between a wide viewing angle display
mode and a narrow viewing angle display mode comprises
a backlight (not shown), a viewing angle control cell 200
disposed on the backlight, and an LCD panel 100 of a wide
viewing angle mode disposed on the viewing angle control
cell 200. Alternatively, the viewing angle control cell 200
can be disposed on the LCD panel 100.

[0034] The viewing angle control cell 200 comprises a
lower substrate 211, a first electrode 213 formed on sub-
stantially an entire surface of the lower substrate 211, an
insulating layer 215 formed on the first electrode 213, a
second electrode 217 formed on the insulating layer 215, an
upper substrate 241 spaced from the lower substrate 211
with a certain gap, and a sheet layer 221 having a plurality
of white pigments between the lower substrate 211 and the
upper substrate 241. The pigments of the viewing angle
control cell 200 are easily aligned in one direction according
to polarities of applied voltages, that is, negative voltages
and positive voltages. The pigments are not changed due to
a bi-stable characteristic thereof after they are moved when
a voltage is applied to the viewing angle control cell 200.
That is, the pigments are densely arranged at one electrode
until a next signal is applied to the viewing angle control cell
200.

[0035] The LCD panel of a wide viewing angle comprises
a thin film transistor (TFT) array substrate 111, a color filter
substrate 141 facing and attached to the TFT array substrate
111 with a uniform gap, and a liquid crystal layer 151 formed
between the TFT array substrate 111 and the color filter
substrate 141.

[0036] Onthe TFT array substrate 111, pixels are arranged
in a matrix form. A thin film transistor 130, a pixel electrode
125, and a capacitor (not shown) are formed at each unit
pixel. The thin film transistor 130 comprises a gate electrode
113 formed on the TFT array substrate 111, a gate insulating
layer 115 formed on the TFT array substrate 111 including
the gate electrode 113, a semiconductor layer 117, and
source/drain electrodes 119 and 121 formed on the semi-
conductor layer 117 and spaced from each other with a
certain gap. The pixel electrode 127 is electrically connected
to the drain electrode 123 through a drain contact hole (not
shown) formed in a passivation layer 123 formed on an
entire surface of the TFT array substrate 111 including the
source/drain electrodes 119 and 121. On the color filter
substrate 141, in one exemplary configuration, a common
electrode 147 (for applying an electric field through the
liquid crystal layer 151 to the pixel electrode 125), R, G, and
B color filters 145 (for implementing color), and a black
matrix 143 are formed.

[0037] An alignment layer (not shown) is formed at inside
surfaces of each of the TFT array substrate 111 and the color
filter substrate 141. Also, liquid crystal is arranged on a
surface of the alignment layer (not shown) in a certain
direction determined by a rubbing direction. The liquid
crystal is rotated by dielectric anisotropy when an electric
field is applied between the pixel electrode 125 formed at
each pixel of the TFT array substrate 111 and the common
electrode 147 formed at the entire surface of the color filter
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substrate 141. Accordingly, images are displayed by trans-
mitted light through specific pixels or by preventing light
from being transmitted through other pixels.

[0038] The color filter substrate 141 and the TFT array
substrate 111 are respectively provided with a first polarizing
plate 161 and a second polarizing plate 163 at each rear
surface thereof. The polarizing plates 161 and 163 polarize
natural light incident with vibration in several directions into
one direction (that is, polarization).

[0039] As shown in FIG. 2, when a signal is not applied to
the viewing angle control cell 200, light is incident on a front
surface of the LCD panel since the white pigments 221 a are
entirely distributed at the sheet layer 221. Accordingly, a
wide viewing angle mode is implemented.

[0040] As shown in FIG. 3, when a signal is applied to the
viewing angle control cell 200, a voltage is applied to the
first electrode 213 and the second electrode 217, thereby
forming an electric field therebetween. Accordingly, the
white pigments 221 a are densely arranged near the elec-
trodes by an electrophoretic characteristic.

[0041] By a density difference between the pigments, a
refractive index of the pigment becomes different from a
peripheral refractive index. Accordingly, when the white
pigments 221a are used in the viewing angle control cell,
light incident with an inclined angle is reflected, thereby
enhancing a linear characteristic of light.

[0042] FIGS. 4 and 5 are sectional views showing an LCD
device for implementing a wide viewing angle when a signal
is not applied to a viewing angle control cell using black
pigments in an LCD device for switching between a wide
viewing angle display mode and a narrow viewing angle
display mode according to a second exemplary embodiment
of the present invention. As shown in FIG. 4, when a signal
is not applied to the viewing angle control cell 200, light is
incident to a front surface of the LCD panel since the black
pigments 223q are entirely distributed at a sheet layer 223.
Accordingly, a wide viewing angle mode is implemented. As
shown in FIG. 5, when a signal is applied to the viewing
angle control cell 200, a voltage is applied to the first
electrode 213 and the second electrode 217, thereby forming
an electric field therebetween. Accordingly, the black pig-
ments 223a are densely arranged near the electrodes by an
electrophoretic characteristic.

[0043] By a density difference between the black pig-
ments, a refractive index of the black pigment becomes
different from a peripheral refractive index, and light inci-
dent with an inclined angle is absorbed by the black pig-
ments 223a. Accordingly, an inclined component of the
incident light disappears to leave only a linear component of
the incident light, thereby implementing a narrow viewing
angle display mode.

[0044] FIG. 6 is a view showing a structure for narrowing
right and left inclined viewing angles using a longitudinal
straight-type electrode in an LCD device for switching
between a wide viewing angle display mode and a narrow
viewing angle display mode according to another exemplary
configuration of the present invention. That is, the second
electrode 217 is arranged above the first electrode 213 as a
longitudinal straight-type under a state that an insulating
layer 215 (of FIGS. 2-5) is disposed therebetween, and black
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pigments are densely arranged on the second electrode 217,
thereby narrowing right and left inclined angles.

[0045] FIG. 7 is a view showing a structure for narrowing
right and left inclined viewing angles using a horizontal
straight-type electrode in an LCD device for switching
between a wide viewing angle display mode and a narrow
viewing angle display mode according to still another exem-
plary configuration of the present invention. That is, the
second electrode 217 is arranged above the first electrode
213 as a horizontal straight-type under a state that an
insulating layer 215 (of FIGS. 2-5) is disposed therebe-
tween, and black pigments 223a are densely arranged on the
second electrode 217, thereby narrowing upper and lower
inclined angles.

[0046] FIG. 81is a view showing a structure for narrowing
right and left inclined viewing angles using a lattice type
electrode in an LCD device for switching between a wide
viewing angle display mode and a narrow viewing angle
display mode according to yet another exemplary configu-
ration of the present invention. That is, the second electrode
217 is arranged above the first electrode 213 as a lattice type
under a state that an insulating layer 215 (of FIGS. 2-5) is
disposed therebetween, and black pigments 223a are
densely arranged on the second electrode 217, thereby
narrowing right, left, upper, and lower inclined angles.

[0047] As aforementioned, in accordance with the present
invention, the viewing angle control cell having pigments is
arranged at an upper surface or a lower surface of the LCD
device, and an electrode has a structure for forming an
electric field so that the pigments can move to the electrode
direction at the time of converting a display mode into a
narrow viewing angle mode. Although FIGS. 6-8 show the
exemplary configurations using black pigments, white pig-
ments can also be used without departing from the scope of
the invention. Accordingly, the present invention can be
applied to all kinds of modes of an LCD device. Further-
more, since a panel capable of controlling a wide viewing
angle and a narrow viewing angle is provided in the present
invention, the present invention can be applied to a middle
size or small size LCD device.

[0048] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
LCD device for switching between wide viewing angle
display mode and narrow viewing angle display mode and
method for fabricating the same of the present invention
without departing from the spirit or scope of the invention.
Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A liquid crystal display (LCD) device for switching
between a wide viewing angle display mode and a narrow
viewing angle display mode, comprising:

an LCD panel including an array substrate, a color filter
substrate, and a liquid crystal layer disposed between
the array substrate and the color filter substrate; and

a viewing angle control cell disposed adjacent to the LCD
panel, the viewing angle control cell including first and
second substrates, first and second electrodes disposed
between the first and second substrates, an insulating
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layer disposed between the first and second electrodes,
and a sheet layer having pigments disposed between the
first and second substrates.

2. The device of claim 1, wherein a distribution of the
pigments in the sheet layer is changeable according to an
electric field applied between the first and second substrates.

3. The device of claim 1, wherein the sheet layer having
the pigments is disposed proximate to the second substrate.

4. The device of claim 1, whetrein the first electrode is
disposed on the first substrate, the insulating layer is dis-
posed on the first electrode, the second electrode is disposed
on the insulating layer, and wherein the sheet layer is
disposed on the second substrate such that the sheet layer
and the second electrode face each other with a gap ther-
ebetween.

5. The device of claim 1, wherein the second substrate
contacts the LCD panel.

6. The device of claim 1, wherein a thin film transistor and
a pixel electrode are formed on the array substrate.

7. The device of claim 1, wherein a polarizing plate is
formed at each rear surface of the array substrate and the
color filter substrate.

8. The device of claim 1, wherein the viewing angle
control cell is disposed at one of an upper surface and a
lower surface of the LCD panel.

9. The device of claim 1, wherein, when the viewing angle
control cell is driven, a narrow viewing angle mode is
implemented.

10. The device of claim 9, wherein, when the narrow
viewing angle mode is implemented, the pigments are
densely distributed proximate to the second electrode.

11. The device of claim 1, wherein the pigments are one
of white pigments and black pigments.

12. The device of claim 1, wherein the second electrode
includes one of a longitudinal straight electrode, a horizontal
straight electrode, and a lattice shaped electrode.

13. A method for fabricating a liquid crystal display
(LCD) device for switching between a wide viewing angle
display mode and a narrow viewing angle display mode,
comprising:

forming an LCD panel including an array substrate, a
color filter substrate, and a liquid crystal layer between
the array substrate and the color filter substrate; and

forming a viewing angle control cell disposed adjacent to
the LCD panel, the viewing angle control cell including
first and second substrates, first and second electrodes
disposed between the first and second substrates, an
insulating layer disposed between the first and second
electrodes, and a sheet layer having pigments disposed
between the first and second substrates.
14. The method of claim 13, further comprising forming
a thin film transistor and a pixel electrode on the array
substrate.
15. The method of claim 13, further comprising forming
a polarizing plate at each rear surface of the array substrate
and the color filter substrate.
16. The method of claim 13, wherein the viewing angle
control cell is disposed at one of an upper surface and a
lower surface of the LCD panel.
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17. The method of claim 13, wherein the pigments are
white pigments or black pigments.

18. The method of claim 13, wherein the second electrode
includes one of a longitudinal straight electrode, a horizontal
straight electrode, and a lattice shaped electrode.

19. The method of claim 13, wherein a distribution of the
pigments in the sheet layer is changeable according to an
electric field applied between the first and second substrates.
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20. The method of claim 13, wherein the first electrode is
formed on the first substrate, the insulating layer is formed
on the first electrode, the second electrode is formed on the
insulating layer, and wherein the sheet layer is formed on the
second substrate such that the sheet layer and the second
electrode face each other with a gap therebetween with the
second substrate contacting the LCD panel.

* #* * #* #®
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