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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

[0001] This application is a divisional of parent application
Ser. No. 11/453,935 filed Jun. 16, 2006 which application
claims priority under 35 U.S.C. §119(a) on Patent Applica-
tion No. 10-2005-0096593 filed in Korea on Oct. 13, 2005,
the entire contents of each application being hereby incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device and driving method thereof. Particularly the
present invention relates to a liquid crystal display device in
which a Wide Viewing Angle mode and a Narrow Viewing
Angle mode can be easily selected by a user, and a driving
method thereof.

[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. This is done by injecting liquid crystal materials
between two substrates (one has common electrode and the
other has pixel electrode) and applying an electric field to the
liquid crystal through electrodes facing each other with the
liquid crystal therebetween.

[0006] A liquid crystal display device according to the
direction ofthe electric field applied to the liquid crystal layer,
can be categorized into a vertical electric field type and a
horizontal electric field type.

[0007] The vertical electric field type LCD device drives
the liquid crystal layer between a pixel electrode and a com-
mon electrode through a vertical electric field (vertical to an
LCD panel surface). The common electrode of the upper
substrate and the pixel electrode of the lower substrate are all
transparent electrodes. Thus, high aperture ratio can be easily
provided However, a disadvantage of this type LCD device is
that a viewing angle range is narrowed to about 90°. This
results from the movement of the liquid crystal which affects
the light passing through the substrate in an oblique direction
as the liquid crystal moves in the vertical direction to the
substrate due to vertical electric field.

[0008] The horizontal electric field type LCD device is
so-called In-Plane-Switching mode (IPS) LCD device. The
IPS LCD device is driven by a horizontal electric field (hori-
zontal direction to an LCD panel surface) between the pixel
electrode and the common electrode arrayed on the lower
substrate. In this mode, there is hardly a movement in the
vertical direction as the liquid crystal is driven in the horizon-
tal direction mainly. Therefore, the device has an advantage of
having a wide viewing angle range of about 160°. Therefore,
there is little effect on the light which passes through the
substrate in an oblique direction.

[0009] FIGS. 1A and 1B illustrate a simplified related art
IPS mode liquid crystal display device. In particular, it illus-
trates that the common electrode and the pixel electrode are
arrayed in the pixel area. FIGS. 1A and 1B show that the IPS
mode liquid crystal display device has the common electrode,
Fhe pixel electrode, upper and lower part substrates and polar-
izers.

[0010] According to FIGS. 1A and 1B, the IPS mode liquid
crystal display device comprises a thin film transistor sub-
strate (lower substrate) and a color filter substrate (upper
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substrate) which faces each other with a liquid crystal layer 10
therebetween and a spacer which maintains a cell gap
between the two substrates.

[0011] The thin film transistor substrate comprises a gate
line and a data line defining a pixel unit on a lower substrate
1, athin film transistor formed at the crossing point of the gate
line and the data line, a common electrode 5 and a pixel
electrode 7 forming a horizontal electric field, and an align-
ment layer deposited on the common electrode and a pixel
electrode for the initial alignment of the liquid crystal.
[0012] The color filter substrate comprises a color filter to
present colors on the upper substrate 11, a black matrix to
prevent light leakage between the neighboring color filters
and the alignment layer deposited on the color filter and the
black matrix for the initial alignment of the liquid crystal.
[0013] Alower polarizer 3 and an upper polarizer 13 polar-
izing incident light from a back light unit are adhered on the
outside of the upper and lower substrates 1, 11. As shown in
FIG. 1, the transmitting axes (polarizing axis of the polarizer)
of the lower polarizer 3 and the upper polarizer 13 are per-
pendicular to each other. The linearly polarized light polar-
ized by the lower polarizer 3 is transmitted into the liquid
crystal materials. If the power is off, then the liquid crystal
maintains its initial state. Therefore, the phase change due to
the liquid crystal does not occur, and the polarizing direction
does not change and transmits is the light. The direction of the
linearly polarized light is perpendicular to the polarization
axis of the upper polarizer 13. Therefore the linearly polar-
ized light cannot pass through the upper polarizer 13. In other
words, it shows the NB condition (Normally Black: dark
screen appears when the power is off).

[0014] When an electric field is applied between the upper
and lower substrates 1, 11, a liquid crystal 10 changes its
alignment state according to the supplied signal. The opera-
tion of dark and bright display modes of the liquid crystal at
the IPS mode would be described in detail hereinafter.
[0015] The display of dark screen is described with refer-
ence to FIG. 1A. The light polarized through the lower polar-
ization substrate 3 enters into liquid crystal molecules 10A.
The liquid crystal molecules are arrayed in parallel in an
initial alignment direction as the electric field is not formed. A
long axis of the liquid crystal molecules 10A is parallel to the
transmitting axis of the polarizer 3. In addition, the long axis
is initially aligned by the alignment layer to be in 90° as
shown in the FIG. 1A. As a result, the polarization status does
not change as the phase delay does not happen even if the
polarized light enters into the liquid crystal molecules 10A.
The light which enters into the liquid crystal molecules 10A
is blocked because it cannot pass through the upper polarizer
13 having a transmitting axis perpendicular to the polariza-
tion direction of the lower polarizer 3. Therefore the liquid
crystal display device shows a dark screen.

[0016] The display of a bright screen is described with
reference to FIG. 1B. An electric field is formed between the
electrodes 5, 7 and the liquid crystal molecules are rotated by
the electric field. As a result, the liquid molecule is twisted. In
general the twisted liquid molecules 10B are twisted to be in
an angle of 45° to the transmitting axis of the lower polarizer
3 on average. The light polarized through the lower polarizer
3 has a phase delay as it passes through the twisted liquid
crystal molecules 10B. The phase of the light polarized by the
lower polarizer 3 is delayed by A/2 along with the twisted
liquid crystal 10B. Therefore, the light axis of the light inci-
dent from the lower polarizer 3 changes to 90°. The light axis
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of the light which has passed through the twisted liquid crys-
tal molecules 10B is parallel to the transmitting axis of the
upper polarizer 13 and therefore passes through the upper
polarizer 13. Accordingly, the liquid crystal display device
shows a bright screen.

[0017] The IPS mode liquid crystal display device has a
wide viewing angle compared to the vertical electric field
mode liquid crystal display device. The device having a wide
viewing angle has an advantage in that the viewer can see
images within a wide viewing angle range. However, in some
cases such as using computers for personal purpose or con-
ducting a security-required work at banks or insurance com-
panies, a narrow viewing angle LCD device is preferred.

SUMMARY OF THE INVENTION

[0018] The purpose of the present invention is to provide a
liquid crystal display device which can switch from the wide
viewing angle mode to the narrow viewing angle mode easily
according to the work environment of the users.

[0019] In order to achieve the above mentioned purpose, a
liquid crystal display device, as embodied, a first electrode
group to selectively apply a horizontal electric field; a first
panel including a first liquid crystal layer driven by the hori-
zontal electric field; a second electrode group below or above
the first panel to selectively apply a vertical electric field, and
a second panel including a second liquid crystal layer driven
by the vertical electric field.

[0020] Inanotheraspectofthe presentinvention, as embod-
ied, a method for driving a liquid crystal display device, the
method comprising: displaying a video image on a first panel
by selectively applying a horizontal electric field to a first
liquid crystal layer of the first panel of the liquid crystal
display device; and selectively applying a vertical electric
field to a second liquid crystal layer of the second panel of the
liquid crystal display device.

[0021] Inanotheraspect ofthe present invention, as embod-
ied, a liquid crystal display device comprising: a first liquid
crystal layer selectively driven by a first electric field ina first
direction; and a second liquid crystal layer selectively driven
a second electric field in a second direction, the second direc-
tion being different from the first direction.

[0022] Inanotheraspect ofthe present invention, as embod-
ied, a method for driving a liquid crystal display device, the
method comprising: selectively applying a first electric field
in a first direction on a first liquid crystal layer of the liquid
crystal display device; selectively applying a second electric
field in a second direction on a second liquid crystal layer of
the liquid crystal display device, the second direction being
different from the first direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIGS. 1A and 1B illustrate the operation of the
related art for In Plane Switching mode liquid crystal display
panel.

[0024] FIG. 2 illustrates the structure of a liquid crystal
display device according to an embodiment of the present
invention.

[0025] FIGS. 3A and 3B are perspective view and cross
sectional view illustrating operation of wide viewing angle
mode of the liquid crystal display device according to an
embodiment of the present invention when displaying a dark
image.
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[0026] FIGS. 4A and 4B are perspective view and cross
sectional view illustrating operation of narrow viewing angle
mode of the liquid crystal display device according to an
embodiment of the present invention when displaying a dark
image.

[0027] FIG. 5 is a graph indicating a transmission factor
with respect to the viewing angle when displaying a dark
image on the liquid crystal display device.

[0028] FIGS. 6A and 6B are perspective view and cross
sectional view illustrating the operation of a wide viewing
angle mode of the liquid crystal display device according to
an embodiment of the present invention when displaying a
bright image.

[0029] FIGS. 7A and 7B are perspective view and cross
sectional view illustrating operation of narrow viewing angle
mode of the liquid crystal display device according to an
embodiment of the present invention when displaying a
bright image.

[0030] FIG. 8 is a graph indicating a transmission factor
with respect to the viewing angle when displaying a bright
image on the liquid crystal display device.

[0031] FIG. 9 is a graph indicating a contrast ratio with
respect to the viewing angle at the wide and narrow viewing
angle modes of the liquid crystal display device according to
an embodiment of the present invention.

[0032] FIGS.10A and 10B are graphs indicating a contrast
ratio with respect to the left/right, top/bottom viewing angles
at the wide and narrow viewing angle modes of the liquid
crystal display device according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED 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.
The preferred embodiment of the present invention will be
described referring to FIG. 2 through 10A.

[0034] FIG. 2 illustrates a simplified structure of the liquid
crystal display device according to an embodiment of the
present invention. In particular, FIG. 2 shows a common
electrode and pixel electrode arrayed in parallel on one pixel
area.

[0035] Referring to FIG. 2, the illustrated liquid crystal
device comprises a first panel part (A) which operates in an In
Plane Switching mode to provide a wide viewing angle mode
by driving the liquid crystal with a horizontal electric field,
and a second panel part (B) which operates in an Electrically
Controlled Birefringence (ECB) mode to change the viewing
angle range by driving the liquid crystal with a vertical elec-
tric field.

[0036] The first panel part (A) which is driven in the IPS
mode includes a first substrate 21 and a second substrate 31,
a spacer to maintain cell gap between the first and second
substrates 21, 31 and a first liquid crystal layer 50 filling the
cell gap.

[0037] A gatelineand adataline defining a pixel unit, a thin
film transistor which is formed on the crossing area of the gate
and data line, a common electrode 25 and a pixel electrode 27
which are parallel, and a first alignment layer 28 coated on the
common and pixel electrode for initial alignment of the first
liquid crystal layer 50 are formed on the upper part of the first
substrate 21. A lower polarizer 23 is formed at the lower part
of the first substrate 21. A second alignment layer 36 is
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formed at the lower part of the second substrate 31 for initial
alignment of the first liquid crystal layer 50.

[0038] The first and second alignment layers 28, 36 define
the initial alignment direction of the first liquid crystal layer
50. The first liquid crystal layer 50 is aligned such that the
long axis direction of the first liquid crystal is parallel to the
first and second alignment layers 28, 36.

[0039] Thecommon electrode 25 and the pixel electrode 27
which are arrayed in parallel to form a horizontal electric field
when a voltage is supplied to drive the first liquid crystal layer
50. The first liquid crystal layer 50 driven by the horizontal
electric field provides a wide viewing angle range.

[0040] The lower polarizer 23 selectively transmits the
component of the incident light from the back light unit,
which is parallel to the polarization direction of the lower
polarizer 23.

[0041] The second panel part (B) driven by ECB mode
includes a second substrate 31 and a third substrate 41, a
spacer maintaining the cell gap between the two substrates
and a second liquid crystal layer 60 filling the cell gap.
[0042] A first electrode 35 which corresponds to the lower
electrode and a third alignment layer 38 coated on the first
electrode to align the second liquid crystal layer 60 are
formed on the upper part of the second substrate 31. A second
electrode 45 which corresponds to the upper part electrode
and a forth alignment layer 48 coated under the second elec-
trode to align the second liquid crystal layer 60 are formed on
the lower part of the third substrate 41. An upper part polarizer
43 is formed on the upper part of the third substrate 41.
[0043] A color filter for presenting the colors and a black
matrix for preventing light leakage can be formed between
the lower part of the third substrate 41 and the second elec-
trode 45.

[0044] Thethird and the forth alignment layers 38, 48 set up
the initial alignment direction of the second liquid crystal
layer 60. The alignment direction of the third and forth align-
ment layers 38, 48 is identical to the alignment direction of
the first and second alignment layers wherein the second
liquid crystal layer 60 is aligned to have an identical direction
of the alignment direction of the first liquid crystal layer 50.
[0045] The first electrode 35 and the second electrode 45
formed at the upper/lower part of the second panel part (B)
generate a vertical electric field when a power is applied and
drive the second liquid crystal layer 60. The liquid crystal
layer 60 driven at the vertical electric field can switch between
the narrow viewing angle mode and the wide viewing angle
mode.

[0046] The upper polarizer 43 selectively transmits the
light from the first panel part (A) having the direction parallel
to the transmitting axis (Y) of the upper polarizer 43. The
transmitting axis (Y) of the upper polarizer 43 is perpendicu-
lar to the transmitting axis (X) of the lower polarizer 23. The
liquid crystal display device according to an embodiment of
the present invention may have a middle polarizer on the
upper or lower part of the second substrate 31. In case of
having the middle polarizer, the transmitting axis of the
middle polarizer and the transmitting axis of the lower polar-
izer 23 are perpendicular to each other. The transmitting axis
(X)) of the lower polarizer 23 and the transmitting axis of the
upper polarizer 43 are parallel. The detailed description will
be given referring to FIGS. 3-7.

[0047] As illustrated in FIG. 2, the liquid crystal display
device according to an embodiment of the present invention is
driven in the wide viewing angle mode and the narrow view-
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ing angle mode using the first panel part (A) and the second
panel part (B). The first panel part (A) has the characteristics
of the wide viewing angle and the second panel part (B) is
selectively driven by a vertical electric field to provide the
wide viewing angle mode and the narrow viewing angle mode
according to the on-off of the vertical electric field.

[0048] The detailed description of the wide viewing angle
mode and the narrow viewing angle mode will be given
referring to FIGS. 3-8.

[0049] FIGS. 3 A and 3B are a perspective view and a cross
sectional view of the liquid crystal display device according
to an embodiment of the present invention to illustrate the
operation of the wide viewing angle mode when the screen
shows dark image.

[0050] Referringto the FIGS. 3A and 3B, the first panel part
(A) driven in IPS mode maintains the initial alignment direc-
tion so that the long axis direction of the first liquid crystal
layer 50 is substantially perpendicular (or parallel) to the
transmitting axis (X) of the lower polarizer 23. The LCD can
operate in an NB (normally Black) condition by arranging the
transmitting axis (X) of the lower polarizer 23 perpendicular
to the transmitting axis (Y) of the upper polarizer 43.

[0051] Theincident light from the back light unitis linearly
polarized to be parallel to the transmitting axis (x) of the
lower polarizer 23, if the horizontal electric field is not
applied to the first panel part A. This polarized light passes
through the first liquid crystal layer 50. However, the long
axis direction of the first liquid crystal layer 50 is 90° (or
parallel) and therefore there is no phase delay. The polarized
light maintains the polarization condition of the lower polar-
izer 23. Subsequently, the light passes through the transparent
second substrate 31. The light which passes through the sec-
ond substrate 31 then passes the second liquid crystal layer
60. Asthere is no electric field at the second panel part (B), the
second liquid crystal layer 60 maintains the initially align-
ment direction. Therefore, the light which passes the second
liquid crystal layer 60 does not have the phase delay and
maintains the polarization condition of the lower polarizer23.
The light maintaining the polarization condition of the lower
polarizer 23 is blocked by the upper polarizer 43 it is perpen-
dicular to the transmitting axis (Y) of the upper polarizer 43.
As a result, the liquid crystal display device shows a dark
image. As illustrated in FIG. 3B, the light is blocked regard-
less of the viewing directions (front direction: R, oblique
direction: S1, S2). Therefore a black color is shown evenly
throughout the wide viewing angle range.

[0052] As another embodiment of the present invention, a
middle polarizer can be further included in the upper or lower
part of the second substrate 31. In case of having the middle
polarizer, the transmitting axis of the lower polarizer 23 and
the transmitting axis of the middle polarizer are perpendicular
to each other and the transmitting axis of the lower polarizer
23 and the transmitting axis of the upper polarizer 43 are
parallel to each other. Furthermore, only the component of the
light incident from the back light unit parallel to the transmit-
ting axis of the lower polarizer 23 can pass through the lower
polarizer 23. The light which transmitted the lower polarizer
23 also passes through the first liquid crystal layer 50 which
has no phase delay. Therefore, the light maintains the polar-
ization condition of the lower polarizer 23. The light which
passes through the first liquid crystal layer 50 and thus main-
tains the polarization condition of the lower polarizer 23
cannot pass through the middle polarizer which is formed
vertical to the transmitting axis of the lower polarizer 23.
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Finally, a dark image is displayed out of the upper polarizer
43. The final display result of the liquid display device is
identical to FIGS. 3A and 3B even if the middle polarizer is
added.

[0053] FIGS. 4A and 4B are a perspective view and a cross
sectional view of the liquid crystal display device according
to an embodiment of the present invention to illustrate the
operation of the narrow viewing angle mode when the screen
shows a dark image. Referring to the FIGS. 4A and 4B, the
first panel part (A) driven in IPS mode maintains the initial
alignment direction so that the long axis direction of the first
liquid crystal layer 50 is substantially perpendicular (or par-
allel) to the transmitting axis (X) of the lower polarizer 23.

[0054] The LCD can operate in an NB (normally Black)
condition by arranging the transmitting axis (X) perpendicu-
lar to the transmitting axis of the upper polarizer (Y). The
incident light from the back light unit is linearly polarized to
be parallel to the transmitting axis (x) of the lower polarizer
23 if the horizontal electric field is not applied to the first
panel part (A). This polarized light passes through the first
liquid crystal layer 50. At that time, the long axis direction of
the first liquid crystal layer 50 is 90° (or parallel) and there-
fore there is no phase delay. The polarized light maintains the
polarization condition of the lower polarizer 23. After that,
the light passes through the transparent second substrate 31.
The light which passes through the second substrate 31 also
passes through the second panel part (B) in which the vertical
field is applied.

[0055] In particular, the liquid crystal molecules of the
second liquid crystal layer 60 is rotated to have a certain
oblique angle against the plane of the second substrate 31 as
the vertical electric field is applied to the second liquid crystal
layer 60. Accordingly, the light which passes through the first
liquid crystal layer 50 and the second substrate 31 and main-
tains the polarization condition of the lower polarizer 23
passes through the second liquid crystal layer 60. The condi-
tion of the light which passes through the second liquid crys-
tal layer 60 will be described referring to the FI1G. 4B.

[0056] Referring to the FIG. 4B, the light which passes
through the second liquid crystal layer 60 has a phase differ-
ence according to the transmitting direction of the light. The
light transmitted in the front direction (R) does not have the
phase delay even if the light is transmitted in the twisted
second liquid crystal layer 60 as shown in FIGS. 3A and 3B.
This is because the twisted condition of the liquid crystal
layer does not affect the light in the front direction (R). As a
result, the light maintains the polarization condition of the
lower polarizer 23. The light transmitted in the front direction
(R) does not have the same polarizing direction with the
transmitting axis (Y) of the upper polarizer 43. Therefore, it is
blocked by the upper polarizer 43 and the liquid crystal dis-
play device displays a dark image. However, when the light is
transmitted in the oblique directions (S1, S2), the phase delay
occurs due to the twisted condition of the second liquid crys-
tal layer 60. As a result, the polarized condition of the light
changes due to the phase delay to have the component parallel
to the transmitting axis (Y) of the upper polarizer 43 (e.g., the
light transmitted in oblique directions S1 and S2), which
causes light leakage. If the electric field is not formed at the
first panel part (A) but is formed at the second panel part (B),
the light leaks at the oblique directions (S1, S2). Since the
light leakage may be undesirable, when display a dark image,
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the vertical electric field can be disabled so that it will not be
applied to the second panel part (B) to prevent the light
leakage.

[0057] A middle polarizer can also be further included at
the upper or lower part of the second substrate 31 as men-
tioned in the previous embodiment. In case of having the
middle polarizer, the transmitting axis of the lower polarizer
23 and the transmitting axis of the middle polarizer are pet-
pendicular to each other, while the transmitting axis of the
lower polarizer 23 and the transmitting axis of the upper
polarizer 43 are parallel. Furthermore, only the component of
the light incident from the back light unit which is parallel to
the transmitting axis of the lower polarizer 23 will pass
through the lower polarizer 23. The light which passes
through the lower polarizer 23 also passes the first liquid
crystal layer 50 without phase delay. Therefore, the light
maintains the polarization condition of the lower polarizer 23.
The light which passes the firstliquid crystal layer 50 and thus
maintains the polarization condition of the lower polarizer 23
cannot pass through the middle polarizer which is perpen-
dicular to the transmitting axis of the lower polarizer 23.
Finally, a dark image is displayed out of the upper polarizer
43. The final display result of the liquid display device is
identical to FIGS. 4A and 4B even if the middle polarizer is
added.

[0058] FIG. 5 shows the transmitting ratio of the liquid
crystal display device with respect to the viewing angle when
displaying a dark image illustrated in FIG. 3A to 4B. As
shown in FIG. 5, the second panel part (B) which is ECB
mode has a transmitting ratio illustrated as the c.-curve when
the vertical electric field is off (wide viewing anglemode) and
has a transmitting ratio illustrated as the [3-curve when the
vertical electric field is on (narrow viewing angle mode).
[0059] The a-curve shows that a normal dark image can be
displayed on a wide viewing angle range as the light is
blocked regardless of the transmitting direction when the
vertical electric field applied to the second panel part (B) is off
(wide viewing angle mode). The f-curve shows that the light
passes through the upper polarizer and leaks. The reason for
the leakage is because the light which passes in the oblique
directions changes in its polarization characteristic due to the
twisted second liquid crystal layer 60, when the vertical elec-
tric field applied to the second panel part (B) is on (narrow
viewing angle mode). The normal dark image can only be
displayed between the viewing angle of +20° ~20° (viewing
angle below 40°) as the transmitting ratio is below 0.05%.
[0060] FIGS. 6A and 6B are a perspective view and a cross
sectional view of the liquid crystal display device according
to an embodiment of the present invention to illustrate the
operation of the wide viewing angle mode when the screen
shows a bright image. Referring to FIGS. 6A and 6B, the first
panel part (A) which is driven in [PS mode applies a horizon-
tal electric field to the first liquid crystal layer 50 when dis-
playing a bright image. When the horizontal electric field is
applied to the first panel part (A), the first liquid crystal layer
50 rotates due to the horizontal electric field between a com-
mon electrode and a pixel electrode. Therefore, the first liquid
crystal layer 50 is twisted. The twist angle of the liquid crystal
cell 50 is 45° on average to the polarization direction of the
lower polarizer 23.

[0061] The component of the light incident from the back
light unit parallel to the transmitting axis (X) of the lower
polarizer 23 passes through the lower polarizer 23 and the first
liquid crystal layer 50 when the horizontal electric field is
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applied to the first panel part (A). The light passes the first
liquid crystal layer 50 which is 45° on average to the trans-
mitting axis (X) of the lower polarizer 23 and the phase of
polarization of the light is delayed by A/2. Thus the polariza-
tion of the light (polarization to X axis direction) is changed
to 90°. The polarized light then passes through the transparent
second substrate 31. The light which passes the second sub-
strate 31 maintains the changed polarization direction as there
is no electric field applied at the second panel part (B). In
other words, the light passing through the second liquid crys-
tal layer 60 does not have the phase delay and maintains the
polarization condition which has changed in 90° from the
polarization condition after passing through the lower polar-
izer 23. The light maintaining the above mentioned condition
passes through the upper polarizer 43 as the light polarized
direction and the transmitting axis (Y) of the upper polarizer
43 are parallel. Therefore, the liquid crystal display device
displays a bright image. As shown in FIG. 6B, the light passes
regardless of the transmitting direction (front direction: R,
oblique directions: S1, S2) so that a bright image is displayed
in the wide viewing angle mode.

[0062] A middle polarizer can also be further included at
the upper or lower part of the second substrate 31 as men-
tioned in the previous embodiments. In case of having the
middle polarizer, the transmitting axis of the lower polarizer
23 and the transmitting axis of the second polarizer are pet-
pendicular to each other while the transmitting axis of the
lower polarizer 23 and the transmitting axis of the upper
polarizer 43 are parallel. Furthermore, only the component of
the light incident from the back light unit which is parallel to
the transmitting axis of the lower polarizer 23 will pass
through the lower polarizer 23. The light passes through the
first liquid crystal layer 50 which is 45° on average to the
transmitting axis (X) of the lower polarizer 23 and its phase is
delayed by A/2. Therefore, the polarization of the light (polar-
ization to X axis direction) is changed to 90°. The light
changed to 90° at the initial incident polarization direction
passes through the transparent second substrate 31. The light
which passes through the second substrate 31 maintains the
changed polarization direction as there is no electric field
applied at the second panel part (B). In other words, the light
passing through the second liquid crystal layer 60 does not
have the phase delay and maintains the polarization condition
which has changed in 90° from the polarization condition
after passing the lower polarizer 23. The light maintaining the
above mentioned condition passes through the upper polar-
izer 43 as the light axis and the transmitting axis (Y) of the
upper polarizer 43 are parallel. Therefore, the liquid crystal
display device displays a bright image. The final display
result of the liquid display device is identical to FIGS. 6A and
6B even if the middle polarizer is added.

[0063] FIGS.7A and 7B are a perspective view and a cross
sectional view of the liquid crystal display device according
to an embodiment of the present invention to illustrate the
operation of the narrow viewing angle mode when the screen
shows a bright image. Referring to FIGS. 7A and 7B, the first
panel part (A) which is driven in IPS mode applies the hori-
zontal electric field to the first liquid crystal layer 50 when
displaying a bright image. When the horizontal electric field
is applied to the first panel part (A), the first liquid crystal
layer 50 rotates due to the horizontal electric field between a
common electrode and a pixel electrode. Therefore, the first
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liquid crystal layer 50 is twisted. The twist angle of the liquid
crystal cell 50 is 45° on average to the polarization direction
of the lower polarizer 23.

[0064] The component of the light incident from the back
light unit parallel to the transmitting axis (X) of the lower
polarizer 23 passes through the lower polarizer 23 and the first
liquid crystal layer 50 when the horizontal electric field is
applied to the first panel part (A). The light transmits the first
liquid crystal layer 50 which is 45° on average to the trans-
mitting axis (X) of the lower polarizer 23 and its phase is
delayed by A/2. Therefore, the polarization of the light (polar-
ization to X axis direction) is changed to 90°. The light
changed to 90° from the initial incident polarization direction
passes through the transparent second substrate 31. The light
which passes through the second substrate 31 then passes
through the second panel part (B) applied by a vertical electric
field so it can operates in the narrow viewing angle mode.
[0065] In particular. the second liquid crystal layer 60 is
rotated to have a certain oblique angle against the second
substrate 31 as the vertical electric field is applied to the
second liquid crystal layer 60. The light which passes through
the first liquid crystal layer 50 and the second substrate 31 and
which maintains the polarization condition ofthe lower polar-
izer 23 passes the second liquid crystal layer 60. The condi-
tion of the light which passes the second liquid crystal layer
60 will be described referring to the FIG. 7B.

[0066] Referring to the FIG. 7B, the light which passes the
second liquid crystal layer 60 has a phase difference accord-
ing to the transmitting direction of the light. The light trans-
mitted in the front direction (R) does not have the phase delay
even if the light passes the twisted second liquid crystal layer
60. This is because the twisted condition of the liquid crystal
layer does not affect the light transmitted in the front direction
(R). As a result, the light maintains the polarization condition
by the lower polarizer 23. The light transmitted in the front
direction (R) has the same direction with the transmitting axis
(Y) of the upper polarizer 43 so it passes through the upper
polarizer 43. Therefore, the liquid crystal display device dis-
plays a bright image. However, when the light is transmitted
in oblique directions (S1, S2), the phase delay occurs due to
the twisted condition of the second liquid crystal layer 60 by
the vertical electric field. As a result, the polarized condition
changes due to the phase delay. Therefore, the component of
the light perpendicular to the transmitting axis (Y) of the
upper polarizer 43 (e.g., the light transmitted in oblique direc-
tions S1 and S2) will be blocked by the upper polarizer 43. If
the horizontal electric field is formed at the first panel part (A)
and the vertical electric field formed at the second panel part
(B), the light is blocked at the oblique directions (S1, S2).
Thus the viewing angle showing the normal image is nar-
rowed.

[0067] A middle polarizer can also be further included at
the upper or lower part of the second substrate 31 as men-
tioned in the previous preferred embodiments. In case of
having the middle polarizer, the transmitting axis of the lower
polarizer 23 and the transmitting axis of the middle polarizer
are perpendicular to each other while the transmitting axis of
the lower polarizer 23 and the transmitting axis of the upper
polarizer 43 are parallel. Furthermore, Only the component of
the light incident from the back light unit parallel to the
transmitting axis (X) of the lower polarizer 23 passes through
the lower polarizer 23 and the first liquid crystal layer 50
when the horizontal electric field is applied to the first panel
part (A). The light passes through the first liquid crystal layer
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50 which is 45° on average to the transmitting axis (X) of the
lower polarizer 23 and its phase is delayed by A/2. Therefore,
the polarization of the light (polarization to X axis direction)
is changed to 90°. The light changed to 90° at the initial
incident polarization direction passes through the transparent
second substrate 31. The light which passes the first liquid
crystal layer 50 also passes through the middle polarizer
which is perpendicular to the transmitting axis of the lower
polarizer 23. Then the light enters into the second liquid
crystal layer 60 to which the vertical direction is applied. The
light passes through the second liquid crystal layer 50 in the
front direction (R) which is 45° to the transmitting axis (Y) of
the middle polarizer and its phase is delayed by /2. There-
fore, the polarization of the light transmitted in the front
direction (R) is changed to 90° from the transmitting axis (Y)
of the middle polarizer. The light transmitted in the front
direction (R) has the same direction with the transmitting axis
(Y) of the upper polarizer 43 so that it passes through the
upper polarizer 43. Therefore, the liquid crystal display
device displays a bright image. However, when the light is
transmitted in oblique directions (S1, S2), the phase delay
occurs due to the twisted condition of the second liquid crys-
tal layer 60 by the vertical electric field. As a result, the
polarized condition changes due to the phase delay. There-
fore, the component of the light perpendicular to the trans-
mitting axis of the upper polarizer 43 (e.g., the light transmit-
ted in oblique directions S1 and S2) will be blocked by the
upper polarizer 43. Therefore, the final display condition of
the liquid display device is identical to FIGS. 7A and 7B even
if the second polarization substrate is added.

[0068] FIG. 8 shows a transmitting ratio of the liquid crys-
tal display device with respect to the viewing angle when
displaying a bright image illustrated in FIGS. 6-7. As show in
FIG. 8, the second panel part (B) which is ECB mode has a
transmitting ratio illustrated as the y-curve when the vertical
electric field is off (wide viewing angle mode) and has a
transmitting ratio illustrated as the d-curve when vertical
electric field is on (narrow viewing angle mode).

[0069] Referring to the y-curve, when the vertical electric
field is off (wide viewing angle mode) when displaying a
brightimage, the light passes normally regardless of the view-
ing direction. The d-curve illustrates that the light is blocked
as it 1s phase delayed at the oblique directions against the
second substrate due to the twisted second liquid crystal layer
when the vertical electric field is off (narrow viewing angle)
when displaying a bright image.

[0070] FIG.9 shows the contrast ratio curve at the wide and
narrow viewing angle modes. Referring to FIG. 9, the
W-curve shows the contrast ratio of the wide viewing angle
mode through the a.-curve of FIG. 5 showing the wide view-
ing angle transmitting ratio when displaying adark image and
the y-curve of FIG. 8 showing the wide viewing angle trans-
mitting ratio when displaying a bright image. In addition, the
N-curve shows the contrast ratio of the narrow viewing angle
mode through the f-curve of FIG. 5 showing the narrow
viewing angle transmitting ratio when displaying a dark
image and the d-curve of F1G. 8 showing the narrow viewing
angle transmitting ratio when displaying a bright image is
obtained. With reference to the W-curve, the contrast ratio at
the wide viewing angle mode does not show a big decline at
the rightor left oblique direction. Therefore, the wide viewing
angle mode is obtained. On the other hand, referring to the
N-curve, the contrast ratio at the narrow viewing angle mode
shows a big decline at the right and left oblique directions and
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a clear contrast ratio can only be seen in the front direction.
Thus, the narrow viewing angle mode is obtained.

[0071] FIGS. 10A and 10B show the contrast ratio at the
right/left and top/bottom oblique directions of the wide and
narrow viewing angle modes. Referring to FIG. 10A, it shows
that the range of viewing angle which has the contrast ratio of
10:1 is wide, although the brightness at the oblique direction
is somewhat lower than that of the front direction. FIG. 10B
shows the range of viewing angle which has the contrast ratio
of 10:1 is narrowed.

[0072] Theillustrated liquid crystal display device includes
the first panel part (A) of the IPS mode which decides the
darkness/brightness of the image and the second panel part
(B) of the ECB mode which allows switching between the
wide viewing angle mode and narrow viewing angle mode.
[0073] The dimension of the second panel part (B) of the
ECB mode which operates the narrow viewing angle mode is
as follows. When the cell gap of the second panel part (B) is
4 um, the phase delay range is about 14~120 nm according to
the tilt angle of the second liquid crystal layer 60 at the
application of the vertical electric field to the second panel
part (B). When the cell gap of the second liquid panel (B) is
3.4 um, the phase delay range is about 14~120 nm according
to the tilt angle of the second liquid crystal layer 60 at the
application of the vertical electric field to the second panel
part (B). The tilt angle range of the second liquid crystal layer
60 is between about 10° to 80° when the vertical electric field
is applied to the second panel part (B). The reason to set the
tilt angle of the second liquid is between about 10° to 80° is
because it is difficult to have an effective narrow viewing
angle as the light leakage may be too much if the tilt angle of
the second liquid crystal layer 60 is below 10°. It is also
difficult to have an effective narrow viewing angle at the range
over 80° as the light leakage may be too much. In order to
have the tilt angle range of the second liquid crystal layer 60
to be between about 10° to 80°, the operation voltage range (A
v) of the second panel part (B) to generate the vertical electric
field should be about 1V<Av=4V.

[0074] The ECB mode panel is applied as the second panel
part which controls the viewing angle of the liquid crystal
display device. Instead of applying the ECB mode panel as
the second panel part, the OCB (Optical Controlled Birefrin-
gence) mode panel may be applied. The OCB mode panel
includes at least one optical compensation film and has a
higher manufacturing cost. It also requires large power con-
sumption as a certain power needs to be applied to make the
liquid crystal layer face each other in the middle of the liquid
crystal layer at the initial stage of the liquid crystal alignment.
In addition, the second panel part controlling the viewing
angle can be formed at the upper or the lower side of the first
panel part.

[0075] As described above, the illustrated liquid crystal
display device allows switching between the wide viewing
angle mode and the narrow viewing angle mode as it com-
prises the first panel part of the IPS mode which decides the
darkness/brightness, and the second panel part of the ECB
mode at the upper or lower part of the first panel part to allow
switching between the wide and the narrow viewing angle
modes.

[0076] The illustrated liquid crystal display device uses the
IPS mode to provide a wide viewing angle range and uses the
ECB mode to change the viewing angle range of the liquid
crystal display device. Therefore, the manufacturing steps of
the LCD are simplified.
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[0077] It should be understood that the invention is not
limited to the embodiments. Various changes or modifica-
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 method for driving a liquid crystal display device, the
method comprising:

displaying a video image on a first panel by selectively

applying a horizontal electric field to a first liquid crystal
layer of the first panel of the liquid crystal display
device; and

selectively applying a vertical electric field to a second

liquid crystal layer of the second panel of the liquid
crystal display device.

2. The method of claim 1, wherein the step of selectively
applying the horizontal electric field includes applying a volt-
age between a pixel electrode and a common electrode of an
in plane switching liquid crystal display panel.

3. The method of claim 1, wherein the step of selectively
applying the vertical electric field includes applying a voltage
between a first electrode and a second electrode of an electri-
cally controlled birefringence liquid crystal display panel.

4. The method of claim 1, further comprising setting an
initial alignment direction of the first liquid crystal layer to be
parallel to an initial alignment direction of the second liquid
crystal layer.

5. A method for driving a liquid crystal display device, the
method comprising:

selectively applying a first electric field in a first direction

on a first liquid crystal layer of the liquid crystal display
device; and
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selectively applying a second electric field in a second
direction on a second liquid crystal layer of the liquid
crystal display device, the second direction being differ-
ent from the first direction.

6. The method of claim 5, wherein the first electric field is
selectively applied on the first liquid crystal layer based on
image data to be displayed on the liquid crystal display
device.

7. The method of claim 5, wherein the second electric field
is selectively applied on the second liquid crystal layer to
change a viewing angle range of the liquid crystal display
device.

8. The method of claim 5, wherein the second direction is
substantially perpendicular to the first direction.

9. The method of claim 5, wherein the first direction is a
horizontal direction and the second direction is a vertical
direction.

10. The method of claim 9, wherein the step of applying the
first electric field includes applying a voltage between a pixel
electrode and a common electrode of an in plane switching
liquid crystal display panel.

11. The method of claim 9, wherein the step of applying the
second electric field includes applying a voltage between a
first electrode and a second electrode of an electrically con-
trolled birefringence liquid crystal display panel, wherein the
first electrode and the second electrode face each other in the
vertical direction.

12. The method of claim 5, further comprising setting an
initial alignment direction of the first liquid crystal layer to be
parallel to an initial alignment direction of the second liquid
crystal layer.
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