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FIG.4B
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FIG.11A
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LIQUID CRYSTAL DISPLAY DEVICE TO
CONTROL VIEWING ANGLE

[0001] This application claims the benefit of Korean
Patent Application No. P2005-0096596 filed in Korea on
Oct. 13, 2005, which is hereby incorporated by reference.

FIELD

[0002] The present invention relates to liquid crystal dis-
play devices. More particularly, the present invention relates
to controlling a view angle which can be selectively driven
between a wide view angle mode and a narrow view angle
mode.

BACKGROUND

[0003] Liquid crystal display (LCD) device controls elec-
tric field applied to liquid crystal cells. Thus LCD device
displays pictures as incident light on a liquid crystal cell is
changed by the electric field. LCD element is differentiated
between a vertical electric field type and a horizontal electric
field type according to an electric field direction which
drives the liquid crystal.

[0004] In the vertical electric field type, a pixel electrode
and a common electrode are formed on an upper substrate
and a lower substrate which face each other vertically. The
common electrode and pixel electrode are also formed to
face each other in vertical direction thereon. The vertical
electric field type applies electric field in vertical direction to
a liquid crystal cell with a voltage applied to the electrodes.
Twisted Nematic Mode(TN mode) is the most widely used
LCD which is driven by the vertical electric field type.

[0005] 1In general, the development of the LCD focuses on
improving an aperture ratio and ensuring a wide view angle.
However, for works requiring security like using computers
for personal purposes and doing bank related works, LCD
with narrow view angle is needed. Therefore, it is an
important task to develop a view angle controlling LCD in
which the switching between the wide view angle mode and
narrow view angle mode can be done easily.

[0006] In TN mode, currently the most widely used type,
there are two ways of controlling the view angle: one way
of using a viewing angle characteristic and the other way of
using voltage-transmittance ratio characteristic according to
the viewing angle.

[0007] FIGS. 1a to 1c illustrate the view angle controlling
LCD using the voltage-transmittance ratio characteristic in
TN mode.

[0008] Referring to FIG. 1, general voltage-transmittance
ratio characteristic of the TN mode shows different curve
according to the view angle. The curve shows that the
voltage and transmittance are in inverse proportion when the
driving voltage is within the boundary of 1V-2V to the view
angle. However, the curve shows different voltage-transmit-
tance ratio characteristic according to the view angle beyond
the voltage boundary. In other words, when the driving
voltage is more than 2V, the curve shows two different
features. When the view angle is around 0°, certain trans-
mittance ratio is maintained according to voltage increase.
However, if the viewing angle is out of 0° range and
increases, the transmittance ratio is increased according to
the voltage increase. Using this voltage-transmittance ratio
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characteristic of the TN mode, the wide view angle mode
and narrow view angle mode are selectively operated. The
view angle controlling method of the TN mode using the
voltage-transmittance ratio characteristic is to control the
view angle by changing a driving circuit of the LCD so that
the two driving voltage range is selectively output.

[0009] To operate the wide viewing angle mode, use the
driving voltage range ‘A’ (about 1V~2.6V). If the TN mode
LCD is operated at the ‘A’ voltage range, decrease in the
contrast ratio is small even though the view angle increases.
Thus, left and right view angle and lower part view angle are
wide as illustrated in FIG. 1B.

[0010] To operate the narrow viewing angle mode, use the
driving voltage range ‘B’ (about 1V~4.6V). If the TN mode
LCD is operated at the ‘B’ voltage range, there is hardly a
change in the contrast ratio when the viewing angle is 0°
whereas decrease in the contrast ratio gets bigger according
to increase in the view angle. Thus, left and right view angle
and lower part view angle are narrow as illustrated in FIG.
1C.

[0011] In order to drive the view angle controlling LCD
illustrated in FIG. 1A or FIG. 1C, it is necessary to output
the liquid crystal operating voltage in two values at a DC/DC
converter and input the two values to gamma power part and
operate the LCD. However, the view angle controlling
principle which has to design the voltage range differently
has a very little effect as illustrated in FIGS. 1B and 1C.

SUMMARY

[0012] A view angle controlling LCD device comprises a
first panel part that has a first group of electrodes and a first
liquid crystal layer driven by a first vertical electric field.
The first group of electrodes includes a pixel electrode and
a common electrode to generate the first vertical electric
field. The view angle controlling LCD device further com-
prises a second panel part deposited on the first panel part
that has a second group of electrodes and a second liquid
crystal layer panel driven to have slope angle from the
horizontal alignment condition by a second vertical electric
field. The second group of electrodes includes a first elec-
trode and a second electrode to generate the second vertical
electric field

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIGS. 1A to 1C illustrate the view angle control-
ling LCD in related art which controls the view angle using
the voltage-transmittance ratio characteristic at TN mode.

[0014] FIG. 2 illustrates the view angle controlling LCD
according to the present invention.

[0015] FIGS. 3A and 3B illustrate the view angle control-
ling LCD shown in the FIG. 2 in detail.

[0016] FIGS. 4A and 4B illustrate the operation of the first
panel part of the view angle controlling LCD according to
the present invention.

[0017] FIGS. 5A and 5B illustrate the operation of the
second panel part of the view angle controlling LCD accord-
ing to the present invention.

[0018] FIG. 6 illustrates view angle-brightness character-
istic of the second panel part of the view angle controlling
LCD according to the present invention.
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[0019] FIGS. 7A and 7B illustrate light leakage phenom-
enon at the second panel part of the view angle controlling
LCD according to the present invention.

[0020] FIG. 8 illustrates alignment method of the first
liquid crystal layer of the view angle controlling LCD
according to the present invention.

[0021] FIGS. 9A and 9B illustrate alignment method of
the second liquid crystal layer of the view angle controlling
LCD according to the present invention.

[0022] FIGS. 10A and 10B illustrate view angle-bright-
ness characteristic of the view angle controlling LCD
according to the present invention.

[0023] FIGS. 11A and 11B illustrate a contrast ratio
according to the view angle modes of the view angle
controlling LCD according to the present invention.

DETAILED DESCRIPTION

[0024] Purposes and advantages of the present invention
other than those mentioned earlier will be described in detail
through the embodiments of the present invention referring
to Figures attached.

[0025] Referring to FIGS. 2 to 11, detailed description of
the embodiment of the present invention will be given
hereinafter.

[0026] Referring to FIG. 2, the view angle controlling
LCD according to the present invention comprises the first
panel part 100 which drives the first liquid crystal 10 of a
Twisted Nematic mode (TN mode) and the second panel part
300 which drives the second liquid crystal 30 of an Electrical
Controlled Birefringence mode (ECB mode).

[0027] The first panel part 100 displays white or black
image on a screen.

[0028] The second panel part 300 controls the view angle
by switching freely between a wide view angle and a narrow
view angle according to the application of voltage. The
second panel part 300 is allocated on the upper or lower part
of the first part 100 and controls the viewing angle.

[0029] The first panel part 100 and the second panel part
300 are described in detail referring to FIGS. 3A and 3B. A
part of a unit pixel area is illustrated in FIGS. 3A and 3B.

[0030] The first panel part 100 driven by TN mode
includes the first array substrate 51 and the second array
substrate 53 which is bonded to face each other, a spacer
which maintains a certain cell gap between the first array
substrate 51 and the second array substrate 53, and a first
liquid crystal layer 10 filled in the cell gap.

[0031] The first array substrate 51 includes the first sub-
strate 11, a gate line and a data line which are formed on the
upper part of the first substrate 11 and which define a unit
pixel, a thin film transistor formed at a crossing area of the
gate line and the data line, a pixel electrode 13, and the first
alignment layer 15 coated on the pixel electrode to align the
first liquid crystal layer 10.

[0032] The second array substrate 53 includes a common
electrode 19 formed on the lower part of the second substrate
21 and form an electric field with the pixel electrode 13 and
the second alignment layer 17 coated on the common
electrode 19 to align the first liquid crystal layer 10.

Jun. 21, 2007

[0033] The thin film transistor responds to a scan signal
supplied to the gate line so that a pixel signal supplied to the
data line is fully charged to the pixel electrode 13 and is
maintained.

[0034] The pixel electrode 13 makes an electric potential
difference with the common electrode 19 by the charge pixel
signal. Due to this electric potential difference, the first
liquid crystal layer 10 located between the first array sub-
strate 51 and the second array substrate 53 is driven by
dielectric anisotropy. The light incident from a light source
(not shown) passes through the pixel electrode 13 and
advances towards the second array substrate 53.

[0035] The first alignment layer 15 defines the initial
alignment condition of the first liquid crystal layer 10 close
to the first array substrate 51 according to the rubbing
direction of the alignment layer.

[0036] The second alignment layer 17 defines the initial
alignment condition of the first liquid crystal layer 10 close
to the second array substrate 53 according to the rubbing
direction of the alignment layer.

[0037] The rubbing direction of the first alignment layer
15 and the second alignment layer 17 is formed to cross each
other. Thus the long axis array direction of the first liquid
crystal molecules 10 is twisted in 90° sequentially between
the first array substrate 51 and the second array substrate 53.

[0038] A lower polarizer 1 which selectively transmits the
incident light from the light source which is not illustrated
is formed on the lower part of the first array substrate 51.

[0039] A middle polarizer 7 can be formed on the upper or
lower part of the second array substrate 53.

[0040] Detailed description of the polarizer will be given
at the detailed description of FIG. 3B.

[0041] The second panel part 300 driven in the ECB mode
includes a spacer which maintains the certain cell gap
between the second array substrate 53 and the third array
substrate 55 bonded to face each other and the second liquid
crystal layer 30 filled in the cell gap.

[0042] The second array substrate 53 includes a second
substrate 21, the first electrode 33 formed on the upper part
of the second substrate 21 and a third alignment layer 35
coated on the first electrode 33 to align the second liquid
crystal layer 30.

[0043] The third array substrate 55 includes a third sub-
strate 31, the second electrode 39 which is formed on the
lower part of the third substrate 31 forming an electric field
with the first electrode 33, and the fourth alignment layer 37
coated on the second electrode 39 to align the second liquid
crystal layer 30.

[0044] A voltage is applied to the first electrode 33 and the
second electrode 39 and an electric potential difference is
formed in vertical direction. Due to the electrical potential
difference, the second liquid crystal layer 30 which is
located between the second array substrate 53 and the third
array substrate 55 is driven by the dielectric anisotropy. The
light incident through the first panel part 100 from a light
source (not shown) passes towards the third array substrate
55.
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[0045] The third alignment layer 35 and the fourth align-
ment layer 37 define the initial alignment condition of the
second liquid crystal layer 30 according to the rubbing
direction of the alignment layer.

[0046] An upper polarizer 3 which selectively transmits
the incident light from the second liquid crystal layer 30 is
formed on the upper part of the third array substrate 55.

[0047] A color filter for displaying color image and a black
matrix for preventing light leakage can be further formed
between the lower part of the third array substrate 55 and the
second electrode 39.

[0048] The pixel electrode 13, the common electrode 19,
the first electrode 33 and the second electrode 39 are formed
as a transparent electrode.

[0049] Referring to FIG. 3B, polarization direction of the
polarizer will be described in detail.

[0050] A transmitting axis Z of the upper polarizer 3 is
vertical to a transmitting axis X of the lower polarizer 1. A
transmitting axis Y of a middle polarizer 7 which can be
further formed is in one body with the transmitting axis Z of
the upper polarizer 3. A wide view angle compensation film
is adhered to the upper polarizer 1 and middle polarizer 7
and compensates the view angle of the first panel part 100
driven by TN mode. If the middle polarizer 7 is not formed
further, the wide view angle compensation film is located at
the area where the middle polarizer 7 should be formed.
Each polarizer 1, 3, 7 selectively transmits the linearly
polarized light which is parallel to the transmitting axis.

[0051] The view angle controlling LCD of the present
invention displays black and white by the voltage applied to
the first panel part and drives the wide view angle and the
narrow view angle by the voltage applied to the second panel
part.

[0052] The first panel part 100, in other words, black and
white image displaying method of the TN mode will be
described referring to FIGS. 4A and 4B.

[0053] The upper polarizer 3 is adhered to the light
radiated side of the third array substrate 55. Optionally, the
middle polarizer 7 can be further adhered to the light
incident side of the third array substrate 55. The lower
polarizer 1 which has the polarizing axis vertical to the
polarizing axis of the upper polarizer 3 is adhered to the light
incident side of the first array substrate 51. The TN mode
100 includes an alignment layer to set the initial tilt angle of
the liquid crystal and the transparent electrode at the lower
part of the first array substrate 51 and the second array
substrate 53. The operation of the TN mode first panel part
100 under Normally White mode is described hereinafter.

[0054] Referring to FIG. 4A, if the voltage is not applied
to the transparent electrode of the first array substrate 51 and
to the transparent electrode of the lower part of the second
array substrate 53 (inactivated condition), it is maintained
that the long axis direction of the first liquid crystal mol-
ecules 10 is twisted 90° sequentially between the first array
substrate 51 and the second array substrate 53. Under the
inactivated condition, the incident light is polarized as it
transmits the lower polarizer 1. The polarization direction of
the polarization condition changes 90° as it passes the first
liquid crystal layer 10 which has the twisted structure. Thus
the incident light is identical to the polarization character-
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istic of the upper polarizer 3 or the middle polarizer 7 and
the upper polarizer 3 so that white image can be displayed.
On the contrary, referring to FIG. 4B, if the voltage is
applied to the transparent electrode of the lower part of the
second array substrate 53 and the transparent electrode of
the first array substrate 51 (activated condition) at the TN
mode first panel part 100, the long axis of the liquid crystal
distributed in the middle of the first liquid crystal layer 10
rises vertically to be parallel to the electric field due to the
voltage difference. Thus, the first liquid crystal layer 10 is
arranged vertically as twisted structure becomes disap-
peared. Under the activated condition, the incident light is
polarized as it passes through the lower polarizer 1. The
polarization characteristic of the light is maintained. There-
fore, the light is blocked and the screen displays black image
as the polarized light does not parallel with the polarization
direction of the upper polarizer 3 or the middle polarizer 7
and the upper polarizer 3.

[0055] The second panel part 300, in other words, the wide
view angle mode and narrow view angle mode driving
method of the ECB mode will be described referring to
FIGS. 5A and 5B.

[0056] The second liquid crystal layer 30 of the ECB
mode 300 which controls the view angle is aligned so that
the long axis of the second liquid crystal molecule 30 and
polarized incident light axis of the second array substrate 53
make 0° or 90°. As the long axis of the second liquid crystal
molecule 30 and polarized incident light axis of the second
array substrate 53 are aligned to be 0° or 90°, the phase delay
in left and right sides when operating the narrow view angle
mode is maximized. Thus effective narrow view angel mode
operation is possible. Detailed description of driving the
narrow view angle mode will be described with reference to
FIG. 5B in the following.

[0057] Referring to FIG. 5A, if the voltage is not applied
to the transparent electrode of the upper part of the second
array substrate 53 and to the transparent electrode of the
third array substrate 55 (inactivated condition), the long axis
of the second liquid crystal molecules 30 is arranged in
parallel between the second array substrate 53 and the third
array substrate 55. Under the inactivated condition, the
incident light which came through the second panel part 200
passes the second liquid crystal layer 30 without phase delay
as the long axis of the second liquid crystal molecules 30 is
arranged in parallel between the second array substrate 53
and the third array substrate 55 and as the liquid crystal is not
twisted. The light which passed the second liquid crystal
layer 30 maintains the polarization characteristic of the
polarized incident light which passed the middle polarizer 7
or the first liquid crystal layer. Thus normal wide view angle
mode is operated.

[0058] On the contrary, referring to FIG. 5B, if the voltage
is applied to the transparent electrode of the upper part of the
second array substrate 53 and to the transparent electrode of
the third array substrate 53 (activated condition), the long
axis of the second liquid crystal layer 30 slopes with a
certain angle (o) to the second array substrate 53 on con-
dition that it is parallel and plane due to the voltage
difference. Under the activated condition, the incident light
from the second panel part 300 passes the sloped second
liquid crystal layer 30. The light which passes the second
liquid crystal layer 30 sloped by the vertical electric field has
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difference in phase according to the side direction of the
view angle. The light seen from the front is not affected by
the liquid crystal operation even if the light passes the sloped
second liquid crystal layer 30. Therefore, the light maintains
the polarization characteristic of the polarized condition
which passed the middle polarizer 7 or the first liquid crystal
layer as there is no phase delay. On the contrary, the light
seen form the side direction is affected by the sloped liquid
crystal as it passes the second liquid crystal layer 30 which
is sloped by the vertical electric field. Thus light which has
different polarization characteristic from polarized condition
which passed the middle polarizer 7 or the first liquid crystal
layer occurs as there is phase delay. When observing the
black image displayed at the side view angle direction, light
is partially phase delayed and leakage occurs when the light
passes the upper polarizer 3. The narrow view angle mode
in which view angle area that can display image data which
has more than 10 contrast ratio is narrowed is operated due
to the light leakage phenomenon.

[0059] The light leakage phenomenon at black image
displaying condition is illustrated in FIG. 6. Referring to
FIG. 6, the light does not leak from front even if the voltage
is increased at the second panel part. However, the light
leaks from side direction. Seen from the front, the front
brightness and contrast ratios are possible to operate the
narrow view angle mode as the light leaks only from the side
out of the certain view angle.

[0060] On the contrary, FIG. 7 illustrates light leakage at
the left and right side directions seen from the plane view
when the voltage is applied to the panel part of the ECB
mode like in FIG. 6. If the view angle of the TN mode panel
part is controlled by the ECB mode panel part which has
characteristics like in FIG. 7A, only the left and right
direction view angle is narrowed.

[0061] In general, the liquid crystal layer 10 of the TN
mode forms the rubbing direction of the first alignment layer
15 of the TN mode as shown in FIG. 8 to be -45° on the
plane polar coordinate system in order to minimize the Gray
Inversion in which the brightness and darkness are reversed
when the LCD is moved in upwards, downwards, left and
right direction. The rubbing direction of the second align-
ment layer 17 of the TN mode is formed to be -45°
according to the rubbing direction of the first alignment
layer so that the main view angle direction is 6 o’clock
direction. If the TN mode LCD used in real is applied to the
present invention, the view angle can only be narrowed in
one diagonal direction between C or D illustrated in FIG.
7B.

[0062] If the second liquid crystal layer is aligned in a
2-domain direction at every pixel area as shown in FIG. 7B,
the light leakage area increases as illustrated in E. Thus the
view angle is narrowed in up, down, left and right directions.
When the second liquid crystal layer is aligned in a 2-do-
main direction, more effective narrow view angle mode is
achieved than that of the 1-domain.

[0063] In FIGS. 9A and 9B, polarization direction of the
polarizer and alignment method of the ECB mode liquid
crystal will be described with the reflection of the content
shown in FIGS. 7 and 8. A part of the unit pixel area is
illustrated in the FIGS. 9A and 9B.

[0064] Referring to FIGS. 9A and 9B, the transmitting axis
of the lower polarizer 1 is formed to be -45° (or 135°). So
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the transmitting axis is parallel to the aligned axis of the TN
mode first liquid crystal layer of the lowest part. An incident
light from a back light unit is polarized to the transmitting
axis of the lower polarizer 1 and passes the first liquid crystal
layer. In order to achieve the effective narrow view angle
mode, the third alignment layer 35 and fourth alignment
layer 37 are formed as 2-domain including a first domain
area F and a second domain area G according to the unit
pixel area. One domain direction is formed so that the long
axis direction of the second liquid crystal layer parallel with
the long axis direction of the most upper part liquid crystal
molecule of the first liquid crystal layer. The other domain
direction is formed so that the long axis direction of the
second liquid crystal layer is vertical to the long axis
direction of the most upper part liquid crystal molecule of
the first liquid crystal layer. The rubbing direction of the
third alignment layer 35 and the fourth alignment layer 37 is
formed to be two kinds for each unit pixel to have 2-domain
of above mentioned condition. One rubbing direction is
formed to be 45° and the other rubbing direction is 135°. Or
one rubbing direction is formed to be -45° and the other
rubbing direction is —135°. The polarization direction of the
upper polarizer 3 is formed to be 45° (or 135°) so that it is
parallel to the long axis direction of the most upper part
liquid crystal molecule of the TN mode in the first liquid
crystal layer. The upper polarizer 3 only passes light in
which the light axis that passed the first and second panel
part is parallel with transmitting axis of the upper polarizer
3

[0065] The rubbing direction of FIG. 8 or FIG. 9B is
defined in the direction in which an observer watches the
screen after completing the LCD panel.

[0066] The view angle characteristic is illustrated in FIGS.
10 to 11B after simulating the conditions of FIGS. 9A and
9B. The cell gap of the second panel part is 4 um and the
driving voltage is 2V.

[0067] The lines illustrated in FIGS. 10A to 11B mean that
there is a large amount of light passing the LCD with the
conditions of FIGS. 9A and 9B if the lines are red. If the
lines are blue, it means that there is a small amount of light
passing the LCD with the conditions of FIGS. 9A and 9B.

[0068] FIG. 10A shows the view angle-brightness charac-
teristic of the black and white image at the wide view angle
mode. Referring to the white condition of FIG. 10A, the
brightness is the highest in front and it gets lower towards
the top, bottom, left and right view angle directions. Refer-
ring to the black condition of FIG. 10A, the brightness is the
highest in the top, bottom, left and right view angle direc-
tions and it is low in front.

[0069] FIG. 10B illustrates view angle-brightness charac-
teristic in black and white condition of the narrow view
angle mode. Referring to the white condition of FIG. 10B,
the brightness is the highest from the front. Referring to the
black condition of FIG. 10B, the brightness is high from the
view angle area outside the front as the light leaks and the
brightness is low from the front.

[0070] FIG. 11A illustrates the contrast ratio according to
the view angle of the wide view angle mode through FIG.
10A. An area with clear brightness and darkness contrast is
widely distributed in front, top, bottom, left and right view
angle directions, wherein the area has more than 10 contrast
ratio, in other words, the white and black conditions of FIG.
10A are more clear.



US 2007/0139584 Al

[0071] FIG. 1B illustrates the contrast ratio according to
the narrow view angle mode through FIG. 10B. An area with
clear brightness and darkness contrast is narrowly distrib-
uted in left and right view angle direction with the standard
of front direction in which the viewing angle is 0°, wherein
the area has more than 10 contrast ratio, in other words, the
white and black conditions of FIG. 10A are more clear.

[0072] The view angle controlling LCD according to the
present invention presents a view angle controlling LCD in
which switching between the wide view angle mode and the
narrow view angle mode is easy by using and controlling the
panel part of the ECB mode. In particular, the narrow view
angle mode is operated as the light passes the second liquid
crystal layer which is arranged in slope to the second array
substrate when the voltage is applied to the second panel
part. This mode uses the light leakage effect in which the
light passing the second liquid crystal layer arranged in
slope to the second array substrate at the left and right view
angle direction leaks. In addition, the panel part of the ECB
mode is formed in 2-domain to acquire the narrow view
angle mode effectively compared to the narrow view angle
mode of the related art.

[0073] An OCB (Optical Controlled Birefringence) mode
panel can be applied to the second panel which controls the
view angle instead of the ECB mode panel. However, the
OCB mode panel requires high power consumption and
expensive manufacturing cost as an optical compensation
film should be further comprised and a specific voltage
should be applied so that the liquid crystal arrangement at
the initial liquid crystal alignment stage faces each other in
the middle of the liquid layer. Therefore the preferred
embodiment of the present invention is to apply the ECB
mode panel as the second panel part which controls the view
angle.

[0074] Designing condition of the second panel part is that
the tilt angle (o) of the second liquid crystal layer is 10° to
80° when the voltage is applied to the second panel part. It
is difficult to acquire effective narrow view angle mode
when the tilt angle of the second liquid crystal layer is lower
than 10° as the light leakage effect is low. It is also difficult
to acquire effective narrow view angle mode when the tilt
angle of the second liquid crystal layer is above 80° for the
same reason.

[0075] The condition for the tilt angle () range of the
second liquid crystal layer to be 10° or 80° is to make the
driving voltage range (AV) of the second panel part to be
1V<AV<4V. If the narrow view angle mode is driven at this
driving voltage range, the phase delay range of the light
transmitting the second liquid crystal layer is 15 nm~140 nm
when the cell gap of the second panel part is 4 pm. Under
the same voltage driving range, the phase delay range of the
light transmitting the second liquid crystal layer is 14
nm~120 nm when the cell gap of the second panel part is 3.4
um. Thus it is possible to acquire the narrow view angle
mode as illustrated in FIG. 11B.

[0076] The view angle controlling LCD according to the
present invention allows easy switching between the wide
view angle mode and the narrow view angle mode by
comprising the first panel part which decides the display
condition of black and white image and the second panel
part of the ECB mode which makes switching between the
wide and narrow view angle modes at the upper part or the
lower part of the first panel part.
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[0077] In particular, the narrow view angle mode of the
view angle controlling LCD according to the present inven-
tion uses the leakage effect in which the light passing the
second liquid crystal layer arranged in slope leaks at the
right and left side direction of the view angle due to the
voltage applied to the second panel part. If the voltage
applied to the second panel part is increased, the light does
not leak in front. However, the light leaks at the direction in
which the right and left view angle are sloped. Accordingly,
it is possible to acquire the narrow view angle mode without
losing the contrast ratio and front brightness.

[0078] The LCD according to the present invention
ensures the wide view angle using the polarizer including
the wide view angle compensation film. In addition, the
LCD according to the present invention uses the ECB mode
which has 2-domain alignment condition and controls the
view angle of the top, bottom, right and left directions. Thus
narrow view angle mode LCD is acquired compared to the
related art.

[0079] The LCD according to the present invention also
makes specific alignment direction of the alignment layer
and polarization axis angle of the polarizer to acquire narrow
view angle mode LCD compared to the related art.

[0080] Therefore, effective control of the view angle is
possible as wide view angle is ensured and narrow view
angle is acquired with the viewing angle controlling LCD of
the present invention.

[0081] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion 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 view angle controlling liquid crystal display device,
comprising;

a first panel part that has a first group of electrodes that
includes a pixel electrode and a common electrode to
generate a first vertical electric field, and a first liquid
crystal layer driven by the first vertical electric field;
and

a second panel part deposited on the first panel part that
has a second group of electrodes that includes a first
electrode and a second electrode to generate a second
vertical electric field, and a second liquid crystal layer
driven to have slope angle from the horizontal align-
ment condition by the second vertical electric field.

2. The view angle controlling liquid crystal display device

according to claim 1, wherein the second panel part includes
an ECB mode panel.

3. The view angle controlling liquid crystal display device

according to claim 1, wherein the first panel part includes:

a first substrate;

a first alignment layer formed to cover the pixel electrode
formed on the first substrate;

a second substrate arranged to face the first substrate that
places the first liquid crystal layer in between; and
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a second alignment layer that covers the common elec-
trode formed on a lower part of the second substrate
and that is formed to have 90° rubbing direction against
a rubbing direction of the first alignment layer.

4. The view angle controlling liquid crystal display device
according to claim 3, wherein the rubbing direction of the
first alignment layer is -45° and the rubbing direction of the
second alignment layer is 45°.

5. The view angle controlling liquid crystal display device
according to claim 3, wherein the second panel part
includes:

the second substrate;
the first electrode formed on the second substrate;
a third alignment layer that covers the first electrode;

a third substrate arranged to face the second substrate that
places the second liquid crystal layer in between:

the second electrode formed on a lower part of the third
substrate; and

a fourth alignment layer that covers the second electrode.
6. The view angle controlling liquid crystal display device
according to claim 5, further comprising:

a lower polarizer formed to have a transmitting axis in
parallel to the rubbing direction of the first alignment
layer and formed at the lower part of the first panel part;
and

an upper polarizer formed to have a transmitting axis in
vertical to the transmitting axis of the lower polarizer
and formed at the upper part of the second panel part.
7. The view angle controlling liquid crystal display device
according to claim 6, wherein a long axis of the second
liquid crystal layer is vertical or parallel to the transmitting
axis of the lower polarizer.
8. The view angle controlling liquid crystal display device
according to claim 6, further comprising:

a middle polarizer formed to have a transmitting axis in
parallel with the transmitting axis of the upper polarizer
and formed on the upper or lower part of the second
substrate; and

a wide viewing angle compensation film.

9. The view angle controlling liquid crystal display device
according to claim 6, wherein the third alignment layer and
the forth alignment layer are formed to have at least 2
domains that include a first domain area and a second
domain area per pixel unit.

10. The view angle controlling liquid crystal display
device according to claim 9, wherein a first rubbing direction
of the first domain area and the second domain area is 45°
and a second rubbing direction of the first domain area and
the second domain area is 135°.

11. The view angle controlling liquid crystal display
device according to claim 9, wherein a first rubbing direction
of the first domain area and the second domain area is -45°
and a second rubbing direction of the first domain area and
the second domain area is —-135°.

12. The view angle controlling liquid crystal display
device according to claim 6, wherein the lower polarizer and
the middle polarizer include a wide viewing angle compen-
sation film.
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13. The view angle controlling liquid crystal display
device according to claim 1, wherein a tilt angle of the
second liquid layer is from 10° to 80°.

14. The view angle controlling liquid crystal display
device according to claim 1, wherein a driving voltage
applied to the second panel part is formed to be from 1V to
4V.

15. The view angle controlling liquid crystal display
device according to claim 1, wherein a cell gap of the second
panel part is formed to be 4 um in order that a phase delay
range of a light passing the second liquid crystal layer is 15
nm or 140 nm.

16. The view angle controlling liquid crystal display
device according to claim 1, wherein a cell gap of the second
panel part is formed to be 3.4 um in order that a phase delay
range of a light passing the second liquid crystal layer is 14
nm or 120 nm.

17. The view angle controlling liquid crystal display
device according to claim 1, wherein the second panel part
includes an OCB mode panel.

18. The view angle controlling liquid crystal display
device according to claim 1, wherein the first panel part
includes a TN mode panel.

19. A method of fabricating a view angle controlling
liquid crystal display device, comprising:

forming a first panel part that has a first group of elec-
trodes that includes a pixel electrode and a common
electrode to generate a first vertical electric field, and a
first liquid crystal layer driven by the first vertical
electric field; and

forming a second panel part deposited on the first panel
part that has a second group of electrodes that includes
a first electrode and a second electrode to generate a
second vertical electric field, and a second liquid crys-
tal layer driven to have slope angle from the horizontal
alignment condition by the second vertical electric
field.

20. The method of fabricating a view angle controlling
liquid crystal display device according to claim 19, wherein
the second panel part includes an ECB mode panel.

21. The method of fabricating a view angle controlling
liquid crystal display device according to claim 19, wherein
the step of forming the first panel part includes:

forming a first substrate;

forming a first alignment layer to cover the pixel electrode
formed on the first substrate;

forming a second substrate arranged to face the first
substrate that places the first liquid crystal layer in
between; and

forming a second alignment layer to cover the common
electrode formed on a lower part of the second sub-
strate and that has 90° rubbing direction against a
rubbing direction of the first alignment layer.

22. The method of fabricating a view angle controlling
liquid crystal display device according to claim 21, wherein
the rubbing direction of the first alignment layer is -45° and
the rubbing direction of the second alignment layer is 45°.

23. The method of fabricating a view angle controlling
liquid crystal display device according to claim 21, wherein
the step of forming the second panel part includes:



US 2007/0139584 Al

providing the second substrate and the first electrode
formed on the second substrate;

forming a third alignment layer that covers the first
electrode;

forming a third substrate arranged to face the second
substrate that places the second liquid crystal layer in
between;

providing the second electrode formed on a lower part of
the third substrate; and

forming a fourth alignment layer that covers the second
electrode.
24. The method of fabricating a view angle controlling
liquid crystal display device according to claim 23, further
comprising:

forming a lower polarizer at the lower part of the first
panel part to have a transmitting axis in parallel to the
rubbing direction of the first alignment layer; and

forming an upper polarizer at the upper part of the second
panel part to have a transmitting axis in vertical to the
transmitting axis of the lower polarizer.

25. The method of fabricating a view angle controlling
liquid crystal display device according to claim 24, wherein
a long axis of the second liquid crystal layer is vertical or
parallel to the transmitting axis of the lower polarizer.

26. The method of fabricating a view angle controlling
liquid crystal display device according to claim 24, further
comprising:

forming a middle polarizer on the upper or lower part of
the second substrate to have a transmitting axis in
parallel with the transmitting axis of the upper polar-
izer; and

forming a wide viewing angle compensation film.
27. The method of fabricating a view angle controlling
liquid crystal display device according to claim 24, wherein
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the third alignment layer and the forth alignment layer are
formed to have at least 2 domains that include a first domain
area and a second domain area per pixel unit.

28. The method of fabricating a view angle controlling
liquid crystal display device according to claim 27, wherein
a first rubbing direction of the first domain area and the
second domain area is 45° and a second rubbing direction of
the first domain area and the second domain area is 135°.

29. The method of fabricating a view angle controlling
liquid crystal display device according to claim 27, wherein
a first rubbing direction of the first domain area and the
second domain area is -45° and a second rubbing direction
of the first domain area and the second domain area is -135°.

30. The method of fabricating a view angle controlling
liquid crystal display device according to claim 24, wherein
the lower polarizer and the middle polarizer include a wide
viewing angle compensation film.

31. The method of fabricating a view angle controlling
liquid crystal display device according to claim 19, wherein
a tilt angle of the second liquid layer is from 10° to 80°.

32. The method of fabricating a view angle controlling
liquid crystal display device according to claim 19, wherein
a cell gap of the second panel part is formed to be 4 um in
order that a phase delay range of a light passing the second
liquid crystal layer is 15 nm or 140 nm.

33. The method of fabricating a view angle controlling
liquid crystal display device according to claim 19, wherein
a cell gap of the second panel part is formed to be 3.4 pm
in order that a phase delay range of a light passing the second
liquid crystal layer is 14 nm or 120 nm.

34. The method of fabricating a view angle controlling
liquid crystal display device according to claim 19, wherein
the second panel part includes an OCB mode panel.

35. The method of fabricating a view angle controlling
liquid crystal display device according to claim 19, wherein
the first panel part includes a TN mode panel.
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