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(57) ABSTRACT

A liquid crystal display device includes a thin film transistor
substrate, a counter substrate, a liquid crystal layer sand-
wiched between the thin film transistor substrate and the
counter substrate. The thin film transistor substrate includes a
first electrode and a second electrode for applying an electric
field in a substrate in-plane direction, the first electrode
includes a plurality of strip portions which extend in a prede-
termined direction. A chiral dopant which imparts rotation in
a direction opposite to a rotational direction of liquid crystal
induced by an electric field applied between the strip portions
and the second electrode is added to the liquid crystal layer,
and the first electrode further includes bent portions which are
bent from the strip portions.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/296,258, filed Nov. 15, 2011, the contents of
which are incorporated herein by reference.

[0002] The present application claims priority from Japa-
nese application JP 2010-258276 filed on Nov. 18, 2010, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a liquid crystal dis-
play device.

[0005] 2. Description of the Related Art

[0006] As one of drive methods of a liquid crystal display

device, there has been known an In Plane Switching method
where liquid crystal molecules are rotated laterally by apply-
ing an electric field to a liquid crystal layer in an in-plane
direction of substrates which sandwich the liquid crystal layer
therebetween.

[0007] TP 2009-222829 A discloses a direction along which
liquid crystal molecules are rotated when an electric field is
generated between a strip portion and a second electrode in an
In-Plane-Switching liquid crystal display device. JP 2009-
222829 A also discloses thata chiral dopant which imparts the
rotation in the same direction as the rotation of the liquid
crystal molecules to the liquid crystal molecules is added to a
liquid crystal layer.

SUMMARY OF THE INVENTION

[0008] It is an object of the invention to provide a liquid
crystal display device adopting an In Plane Switching method
which can enhance transmissivity of pixels on the liquid
crystal panel at the time of performing a white display.
[0009] To overcome the above-mentioned drawbacks,
according to one aspect of the invention, there is provided a
liquid crystal display device including: a thin film transistor
substrate; a counter substrate which is arranged to face the
thin film transistor substrate in an opposed manner; and a
liquid crystal layer sandwiched between the thin film transis-
tor substrate and the counter substrate, wherein the thin film
transistor substrate includes a first electrode and a second
electrode for applying an electric field in a substrate in-plane
direction, the first electrode includes a plurality of strip por-
tions which extend in a predetermined direction, and a chiral
dopant which imparts the rotation in a direction opposite to a
rotational direction of liquid crystal induced by an electric
field applied between the strip portions and the second elec-
trode is added to the liquid crystal layer.

[0010] According to one mode of the liquid crystal display
device according to the invention, the first electrode may
further include bent portions which are bent from the strip
portions and extend in a direction different from the prede-
termined direction, a direction of initial alignment direction
of liquid crystal molecules in the liquid crystal layer may be
inclined by an angle 8 (0°<6<90°) with reference to the strip
portions, and a direction that the bent portions extend may be
inclined by an angle ¢ (0°<¢<90°) with reference to the strip
portions on the same side as a side where the initial alignment
direction is inclined.
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[0011] According to another mode of the liquid crystal
display device according to the invention, the angle ¢ that the
bent portions are inclined with reference to the strip portions
may be set larger than the angle 6 that the initial alignment
direction is inclined with reference to the strip portions.
[0012] According to another mode of the liquid crystal
display device according to the invention, the first electrode
may further include a trunk portion to which the plurality of
strip portions are connected respectively, and the bent por-
tions may be arranged between the strip portions and the trunk
portion.

[0013] According to another mode of the liquid crystal
display device according to the invention, the first electrode
may further include a trunk portion to which the plurality of
strip portions are connected respectively, and the bent por-
tions may be arranged on edge portions of the strip portions
on a side opposite to a side where the strip portions are
connected to the trunk portion.

[0014] According to another mode of the liquid crystal
display device according to the invention, a length that the
strip portions extend in the predetermined direction may be
set larger than a length that the bent portions extend in the
direction different from the predetermined direction.

[0015] According to another mode of the liquid crystal
display device according to theinvention, the plurality of strip
portions may be a plurality of first strip portions, the first
electrode may include a plurality of second strip portions
which extends in a predetermined direction different from the
first strip portions, and a trunk portion which is connected to
the respective first strip portions and the respective second
strip portions, and a direction of an initial alignment direction
of liquid erystal molecules in the liquid crystal layer may be
inclined by an angle 6 (0°<6<90°) with reference to the first
strip portions, a direction that the second strip portions extend
may be inclined toward a side opposite to a side that the first
strip portions are inclined with reference to the initial align-
ment direction, and a region to which an electric field is
applied by the plurality of first strip portions and the second
electrode may be set larger than a region to which an electric
fieldis applied by the plurality of second strip portions and the
second electrode.

[0016] According to another mode of the liquid crystal
display device according to the invention, the first electrode
may further include first bent portions which are bent from the
first strip portions and extend in a direction different from the
predetermined direction, and a direction that the first bent
portions extend may be inclined by an angle ¢ (0°<¢<90°)
with reference to the first strip portions on the same side as a
side where the initial alignment direction is inclined.

[0017] According to the invention, transmissivity of pixels
on the liquid crystal panel at the time of performing a white
display is enhanced in the In-Plane-Switching liquid crystal
display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 isa view showing the schematic constitution
of a liquid crystal display device according to a first embodi-
ment of the invention;

[0019] FIG. 2 is a circuit diagram showing an equivalent
circuit on a thin film transistor substrate of the liquid crystal
display device according to the first embodiment;

[0020] FIG. 3A is an enlarged plan view showing a pixel
region of the thin film transistor substrate according to the
first embodiment;
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[0021] FIG. 3B is a view for explaining rotation of liquid
crystal molecules in the pixel region shown in FIG. 3A;
[0022] FIG. 3C is a view for explaining rotation of liquid
crystal molecules in the pixel region shown in FIG. 3A;
[0023] FIG. 3D is a view for explaining rotation of liquid
crystal molecules in the pixel region shown in FIG. 3A;
[0024] FIG.4is aview for explaining a state where a group
of liquid crystal molecules is rotated by a lateral electric field,
[0025] FIG. 5 is a graph showing change in transmissivity
at the time of performing a white display on a liquid crystal
panel when a chiral dopant which imparts right twisting and
left twisting to liquid crystal molecules is added to a liquid
crystal layer in a liquid crystal display device where each
pixel includes strip portions shown in FIG. 3A;

[0026] FIG. 6 is a graph for explaining the relationship
between a chiral pitch and pushed domain generation voltage;
[0027] FIG. 7 is an enlarged plan view of a pixel region of
a thin film transistor substrate according to a second embodi-
ment;

[0028] FIG. 8 is an enlarged plan view of a pixel region of
a thin film transistor substrate according to a third embodi-
ment;

[0029] FIG. 9A is an enlarged plan view of a pixel region of
a thin film transistor substrate according to a fourth embodi-
ment;

[0030] FIG. 9B is a view for explaining rotation of liquid
crystal molecules in a pixel region shown in FIG. 9A;
[0031] FIG. 9C is a view for explaining rotation of the
liquid crystal molecules in the pixel region shown FIG. 9A;
and

[0032] FIG. 9D is a view for explaining rotation of the
liquid crystal molecules in the pixel region shown in FIG. 9A.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Liquid crystal display devices according to embodi-
ments of the invention are explained in conjunction with
drawings hereinafter.

First Embodiment

[0034] FIG.1is a view showing the schematic constitution
of the liquid crystal display device according to the first
embodiment of the invention. The liquid crystal display
device according to this embodiment is an In-Plane-Switch-
ing liquid crystal display device, and includes a liquid crystal
panel LP and a backlight BL as constitutional parts.

[0035] The liquid crystal panel LP includes a thin film
transistor substrate B1, a counter substrate B2, and a liquid
crystal layer LC sandwiched between these substrates. The
thin film transistor substrate B1 and the counter substrate B2
are provided with a lower polarizer PL.1 and an upper polar-
izer PL2 respectively on a side thereof opposite to a side
where the liquid crystal layer LC is arranged. The lower
polarizer PL.1 and the upper polarizer PL2 are arranged such
that a transmission axis of the lower polarizer PL1 and a
transmission axis of the upper polarizer PL.2 become orthogo-
nal to each other, and light irradiated from the backlight BL is
incident on the liquid crystal layer LC through the lower
polarizer PLL1.

[0036] Next, FIG. 2 is an equivalent circuit diagram of the
thin film transistor substrate B1 of the liquid crystal display
device according to this embodiment.

[0037] As shown in FIG. 2, on the thin film transistor sub-
strate B1, a large number of scanning signal lines GL extend
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in the lateral direction in the drawing at equal intervals
respectively, and a large number of video signal lines DL
extend in the longitudinal direction in the drawing at equal
intervals respectively. Pixel regions which are arranged in a
matrix array are respectively defined by these scanning signal
lines GL and the video signal lines DL. Common signal lines
CL extend in the lateral direction in the drawing parallel to the
respective scanning signal lines GL.

[0038] A thin film transistor having the MIS (Metal-Insu-
lator-Semiconductor) structure is formed at a corner of the
pixel region defined by the scanning signal line GL. and the
video signal line DL, a gate electrode of the thin film transis-
tor is connected to the scanning signal line GL, and a drain
electrode of the thin film transistor is connected to the video
signalline DL. A first electrode PX and a second electrode CT
are formed in each pixel region. In this embodiment, the first
electrode PX is a pixel electrode connected to a source elec-
trode ST of the thin film transistor TFT, and the second
electrode CT is a common electrode connected to the com-
mon signal line CL.

[0039] In the above-mentioned circuit constitution, a pixel
row is selected when a gate voltage is applied to the scanning
signal line GL, and a video signal is supplied to the respective
video signal lines DL at such selection timing. A reference
voltage is applied to the second electrode CT of each pixel
through the common signal line CL. By applying a voltage of
the video signal to the first electrode PX, a lateral electric field
having intensity corresponding to the potential difference is
generated between the first electrode PX and the second elec-
trode CT.

[0040] FIG. 3A is an enlarged plan view of one pixel region
of the thin film transistor substrate B1 according to this
embodiment, and is also a view of the thin film transistor
substrate B1 as viewed from a side where the liquid crystal
layer L.C is arranged. FIG. 3B to FIG. 3D are views for
specifically explaining the rotation of a liquid crystal mol-
ecule LM in a state shown in FIG. 3A which is the enlarged
plan view of the pixel region.

[0041] In this embodiment, the first electrode PX has a
plurality of strip portions PB which extend in a predetermined
direction in a strip shape and, further, includes bent portions
PN1, PN2 which extend from the respective strip portions PB
in a bent shape, and a trunk portion PS. In this embodiment,
the plurality of strip portions PB are formed into an approxi-
mately straight-line shape such that the strip portions PB pass
an intermediate location between two scanning signal lines
GL arranged adjacent to each other, and the plurality of strip
portions PB extend in a direction parallel to the video signal
lines DL. The second electrode CT has a planar shape and is
arranged on a side below the first electrode PX (on a side
where the backlight BL is arranged).

[0042] An alignment film not shown in the drawing is
formed on an interface between the thin film transistor sub-
strate B1 and the liquid crystal layer LC and on an interface
between the counter substrate B2 and the liquid crystal layer
LC, and an initial alignment direction of liquid crystal mol-
ecules LM of the liquid crystal layer L.C is defined by these
alignment films. An initial alignment direction la extends, as
shown in FIG. 3A and FIG. 3B, in a direction inclined by an
angle 6 (0°<6<90°) with respect to a direction PBa along
which the strip portions PB extend. To be more specific, the
initial alignment direction Ia is inclined in the clockwise
direction as viewed from a counter substrate B2 side with
reference to the strip portions PB, and the initial alignment
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direction la makes an acute angle in the clockwise direction
with reference to the strip portions PB. The alignment film on
a thin film transistor substrate B1 side and an alignment film
on a counter substrate B2 side are subjected to alignment
treatment in the same direction as viewed in a plan view.
These alignment films may be formed of an alignment film to
which alignment treatment is applied by rubbing or may be
formed of a light alignment film. Further, in the liquid crystal
display device according to this embodiment, a transmission
axis of the lower polarizer PL1 extends in a direction which
substantially follows the direction of the initial alignment
direction Ia thus providing a normally-black-type liquid crys-
tal display device which performs a black display when a
voltage is not applied to the liquid crystal layer LC.

[0043] The liquid crystal layer LC has homogeneously-
arranged liquid crystal molecules LM, and liquid crystal mol-
ecules LM are nematic liquid crystal having positive dielec-
tric anisotropy. The strip portions PB and the second electrode
CT induce a lateral electric field in a direction PBe perpen-
dicular to an extending direction PBa of the strip portions PB.
The liquid crystal molecules LM are rotated from the initial
alignment state to correspond to intensity of the lateral elec-
tric field. FIG. 3A schematically shows a state of the liquid
crystal molecules LM when a voltage is not applied to the
liquid crystal layer LC, wherein a long axis of a molecule of
the liquid crystal molecules LM exists along the initial align-
ment direction Ia. When a lateral electric field is induced
between the strip portions PB and the second electrode CT, as
shown in FIG. 3B, the liquid crystal molecules LM are rotated
in the clockwise direction as viewed from a counter substrate
B2 side (hereinafter also referred to as the right twisting
direction in this specification).

[0044] In this embodiment, particularly, a chiral dopant
which imparts a rotation opposite to the rotation of the liquid
crystal molecules LM induced by a lateral electric field
applied between the strip portions PB and the second elec-
trode CT to the liquid crystal molecules LM is added to the
liquid crystal layer LC. That is, in the case of this embodi-
ment, the initial alignment direction la is inclined in the
clockwise direction with reference to the extending direction
PBa of the strip portions PB so that the liquid crystal mol-
ecules LM are rotated in the right twisting direction due to a
lateral electric field from the strip portions PB and hence, a
chiral dopant which imparts the rotation in the counterclock-
wise direction (hereinafter also referred to as left twisting
direction in this specification) as viewed from the counter
substrate B2 side is added to the liquid crystal layer L.C.

[0045] FIG. 4 shows a state where a group of liquid crystal
molecules LM is rotated in the right twisting direction due to
a lateral electric field applied between the strip portions PB
and the second electrode CT. As shown in the drawing, when
a right twisting spiral is generated in a normal alignment
portion away from the alignment film, a left twisting spiral is
generated in the vicinity of the alignment film on a thin film
transistor substrate B1 side. It is considered that when a chiral
dopant which imparts the left twisting rotation is added to the
liquid crystal layer LC as in the case of this embodiment, left
twisting stress generated in the vicinity of the alignment film
on a thin film transistor substrate B1 side is alleviated.
Accordingly, it is considered that the rotation of the group of
liquid crystal molecules LM in the normal alignment portion
when a lateral electric field is induced from the strip portions
PB can be increased thus enhancing transmissivity at the time
of performing a white display.
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[0046] FIG.5isa graph showing a change in transmissivity
at the time of performing a white display on the liquid crystal
panel when a chiral dopant which imparts right twisting or left
twisting is added to the liquid crystal layer LC in the liquid
crystal display device which has the plurality of strip portions
PB shown in FIG. 3A in each pixel. In FIG. 5, a chiral pitch
(um) which is one cycle of twisting ofa group ofliquid crystal
molecules LM is taken on an axis of abscissas, and a positive
side is defined as right twisting and a negative side is defined
as left twisting. On the other hand, a change amount of trans-
missivity at the time of performing a white display is taken on
an axis of ordinates in FIG. 5. The change amount of trans-
missivity when a chiral dopant is added to the liquid crystal
layer LC is expressed by percentage with reference to trans-
missivity when the chiral dopant is not added to the liquid
crystal layer LC. When an addition amount of the chiral
dopant becomes zero on the axis of abscissas in FIG. 5, no
twisting exists and hence, this case corresponds to a case
where a chiral pitch is infinite. Accordingly, the chiral pitch
approaches zero along with the increase of an addition
amount of the chiral dopant.

[0047] As described in graph shown in FIG. 5, by adding a
left twisting chiral dopant to the liquid crystal layer LC,
transmissivity at the time of performing a white display on the
liquid crystal panel LP is enhanced. Accordingly, by adding a
chiral dopant which imparts the rotation in the direction
opposite to the direction of the rotation of liquid crystal mol-
ecules LM induced by an electric field applied between the
strip portions PB and the second electrode CT, transmissivity
at the time of performing a white display of pixels on the
liquid crystal panel LP can be enhanced. The principle which
is considered to be the reason that transmissivity at the time of
performing a white display is enhanced with the addition ofa
chiral dopant which imparts left twisting is explained in con-
junction with FIG. 4. However, it is needless to say that even
if the enhancement of transmissivity at the time of performing
a white display is derived from the different principle, the
technique is within the scope of the invention.

[0048] In this embodiment, transmissivity at the time of
performing a white display is enhanced by adding a chiral
dopant which imparts left twisting to the liquid crystal layer
LC as described above. However, when such a chiral dopant
is added to the liquid crystal layer LC, a voltage generated in
a pushed domain is lowered. Here, “pushed domain™ means
disturbance of alignment which occurs when the liquid crys-
tal panel LP is pushed by a finger or the like and is a state
where the disturbance of alignment is maintained for a while
even when an electric field is applied to a liquid crystal layer.

[0049] FIG. 6 is a graph for explaining the relationship
between a chiral pitch and a pushed domain generation volt-
age, wherein respective voltages at which a pushed domain is
liable to be generated are plotted. In the graph shown in FIG.
6, the inverse number of the chiral pitch is taken on an axis of
abscissas, and voltage is taken on an axis of ordinates. When
a chiral dopant is not added to a liquid crystal layer, the chiral
pitch becomes infinite and the value on the axis of abscissas
becomes zero. On the other hand, when an addition amount of
a chiral dopant which imparts right twisting (or left twisting)
is increased, the value of 1/chiral pitch in the positive direc-
tion (or in the negative direction) is increased. As described in
the graph shown in FIG. 6, when a chiral dopant which
imparts left twisting is added to aliquid crystal layer, a pushed
domain is liable to be generated at a lower voltage compared
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to acase where a chiral dopant which imparts right twisting is
added to the liquid crystal layer.

[0050] Inview of the above, according to this embodiment,
as shown in FIG. 3 A, the first electrode PX further includes
the bent portions PN1, PN2 which extend from the strip
portions PB in abent shape. As shown in the drawing, the bent
portions PN1 are arranged between the respective strip por-
tions PB and the trunk portion PS, while the bent portions
PN2 are arranged one end portions of the respective strip
portions PB on a side where the respective strip portions PB
are not connected with the trunk portion PS. Further, as shown
in FIG. 3C, a direction PNa along which the bent portions
PN1, PN2 extend is the direction inclined by an angle ¢
(0°<¢<90°) with reference to the strip portions PB on the
same side as a side where the initial alignment direction la is
inclined, and extends in the direction different from the direc-
tion of the strip portions PB.

[0051] FIG. 3D shows the direction PNa along which the
bent portions PN1, PN2 extend, a direction PNe of a lateral
electric field applied by the bent portions PN1, PN2 and the
second electrode CT, and the initial alignment direction Ia. In
this embodiment, a chiral dopant which induces the left twist-
ing rotation is added to the liquid crystal layer LC and, further,
as shown in FIG. 3C and FIG. 3D, the bent portions PN1, PN2
are inclined such that the direction PNe of the lateral electric
field makes an acute angle in the left twisting direction with
respect to the initial alignment direction la. Accordingly, the
left twisting rotation is liable to be induced in the group of
liquid crystal molecules LM in the periphery of the bent
portions PN1, PN2. That is, in the bent portions PN1 and PN2,
the rotation in the direction opposite to the rotational direc-
tion generated in the strip portions PB is induced. While the
rotational direction of liquid crystal molecules LM generated
in the strip portions PB is the clockwise direction, the rota-
tional direction induced by the bent portions PN1 is the coun-
terclockwise direction.

[0052] Itis considered that the pushed domain is generated
by the fact that the disturbance of alignment generated in the
trunk portion PS or the like which is a portion where a lateral
electric field in the direction perpendicular to a lateral electric
field which the strip portions PB generate is generated is
maintained so that the disturbance of alignment grows toward
the inside of the pixel region. In view of the above, as in the
case of this embodiment, by arranging the bent portions PN1,
PN2 at the proximal portion and the end portion of the strip
portions PB where the disturbance of alignment is liable to
occur, even when the disturbance of alignment occurs, the
disturbance can be easily eliminated and hence, the genera-
tion of the pushed domain is reduced.

[0053] Further, in this embodiment, as shown in FIG. 3A,
FIG. 3C or the like, the angle ¢ at which the bent portions
PN1, PN2 are inclined with reference to the direction PBa
along which the strip portions PB extend is set larger than the
angle 0 at which the initial alignment direction la is inclined.
As shown in FIG. 3D, the direction PNe of an electric field
generated by the bent portions PN1, PN2 becomes perpen-
dicular to the direction PNa along which the bent portions
extend and hence, an angle which the direction PNe of the
electric field makes with respect to the initial alignment direc-
tion la in the counterclockwise direction becomes smaller
than 90 degrees. Accordingly, in the vicinity of the bent
portions PN1, the left twisting rotation is induced in a group
of liquid crystal molecules LM more easily and hence, the
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provision of the bent portions PN1 is preferable for realizing
the reduction of the pushed domain.

[0054] Although it is preferable to form both the bent por-
tions PN1 and the bent portions PN2 adjacent to the strip
portions PB as in the case of this embodiment, the pushed
domain can be reduced even when either one of the bent
portions PN1, PN2 is formed. Further, in this embodiment,
the bent portions PN1, PN2 extend in the same direction PNa.
However, the bent portions PN1, PN2 may extend in direc-
tions different from each other, or the bent portions PN1, PN2
may extend while changing an angle or a width thereof in a
gradually meandering shape, for example. Further, although
the bent portions PN1, PN2 are arranged adjacent to each strip
portion PB in this embodiment, the generation of the pushed
domain can be reduced even when either one of bent portions
PN1, PN2 is formed on at least one strip portion PB.

[0055] As described above, the first electrode PX of this
embodiment includes the plurality of strip portions PB, the
plurality of bent portions PN1, PN2 and one trunk portion PS.
The strip portions PB form portions where a main lateral
electric field which becomes necessary for controlling trans-
missivity of the pixel is generated. A length that the strip
portion PB extends in a predetermined direction is set larger
than a length that one or two bent portions which are formed
contiguously with the strip portion PB extend. The trunk
portion PS forms a portion to which the plurality of strip
portions PB are connected by way of the bent portions PN1,
and in this embodiment, the trunk portion PS is connected to
the thin film transistor through a contact hole as shown in FIG.
3A. The respective strip portions PB are electrically con-
nected with the thin film transistor through the trunk portion
PS.

[0056] The angle at which the initial alignment direction Ia
is inclined with respect to the strip portions PB is preferably
set to a value which falls within a range of 1°<8<30°, and is
more preferably set to a value which falls within a range of
5°=6=10°. The angle at which the bent portions PN1,PN2 are
inclined with respect to the strip portions PB is preferably set
to a value which falls within a range of 20°<6<60°, and is
more preferably set to a value which falls within a range of
30°<0=45°.

[0057] Inthis embodiment, the first electrode PX forms the
pixel electrode and the second electrode CT forms the com-
mon electrode. However, the first electrode PX having the
plurality of strip portions PB may form a common electrode
connected to a common signal line CL and the second elec-
trode CT may form a pixel electrode connected to a source
electrode of a thin film transistor.

[0058] 1In this embodiment, a chiral dopant which imparts
left twisting is added to the liquid crystal layer LC. However,
when the initial alignment direction Ia is inclined at the angle
6 in the counterclockwise direction as viewed from a counter
substrate B2 side with reference to the strip portions PB, it is
needless to say that a chiral dopant which imparts right twist-
ing may be added to the liquid crystal layer LC.

Second Embodiment

[0059] Next, aliquid crystal display device according to the
second embodiment of the invention is explained. FIG. 7 is an
enlarged plan view of one pixel region of a thin film transistor
substrate B1 according to the second embodiment. That is, in
the first embodiment, the first electrode PX has a comb-teeth-
shaped electrode structure where the first electrode PX has
one trunk portion PS and the plurality of strip portions PB



US 2014/0028943 Al

extend from one trunk portion PS. In the second embodiment,
a first electrode PX has the slit-shaped electrode structure
where the first electrode PX has two trunk portions PS and a
plurality of strip portions PB extend between these trunk
portions PS.

[0060] As shown in FIG. 7, both bent portions PN1
arranged on an upper side and lower side in the drawing are
interposed between the trunk portions PS and the strip por-
tions PB, and are arranged contiguously with the trunk por-
tions PS and the strip portions PB. Although the liquid crystal
display device according to the second embodiment differs
from the liquid crystal display device according to the first
embodiment with respect to such a point, the liquid crystal
display device according to the second embodiment has sub-
stantially the same constitution as the liquid crystal display
device according to the first embodiment with respect to
points other than the above-mentioned point.

Third Embodiment

[0061] Next, aliquid crystal display device according to the
third embodiment of the invention is explained. FIG. 8 is an
enlarged plan view of one pixel region of a thin film transistor
substrate B1 according to the third embodiment. That is, in
the third embodiment, a first electrode has the slit-shaped
electrode structure where the first electrode PX has two trunk
portions PX which extend in a direction parallel to video
signal lines DL which is a longitudinal direction of a pixel
region, and plurality of strip portions PB extend between two
trunk portions PS.

[0062] In the third embodiment, the respective strip por-
tions PB extend in a direction parallel to scanning signal lines
GL and each strip portion PB has a straight-line shape such
that the strip portion PB passes an intermediate location
between two video signal lines DL arranged adjacent to each
other. An initial alignment direction la becomes a direction
which is inclined at an angle 8 (0°<8<90°) in the clockwise
direction as viewed from a counter substrate B2 side with
reference to a direction along which the strip portions PB
extend, and a direction along which the bent portions PN1
extend is inclined at an angle ¢ (0°<¢<90°) in the clockwise
direction with reference to the direction along which the strip
portions PB extend, and the relationship between the angle 0
and the angle ¢ is set to 0<¢. The liquid crystal display device
according to the third embodiment is substantially equal to
the liquid crystal display device of the first embodiment
except for the above-mentioned point, and in the same man-
ner as the first embodiment, a chiral dopant which imparts the
left twisting rotation which is the counter clockwise direction
as viewed from the counter substrate B2 side is added to a
liquid crystal layer LC.

Fourth Embodiment

[0063] Next, aliquid crystal display device according to the
fourth embodiment of the invention is explained. FIG. 9A is
an enlarged plan view of one pixel region of a thin film
transistor substrate B1 according to the fourth embodiment.
That is, the liquid crystal display device according to this
embodiment adopts a so-called multi-domain method.

[0064] Firstly, in the fourth embodiment, a first electrode
PX has a first region D1 and a second region D2, and the first
region D1 is set larger than the second region D2. The first
electrode PX has a plurality of first strip portions DB1 which
extend in a predetermined direction and first bent portions
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DNI1 which extend in a direction different from the direction
ofthe first strip portions DB1 in a bent shape in the first region
D1, and a plurality of second strip portions DB2 which extend
in a direction different from the direction of the first strip
portions DB1 and second bent portions DN2 which extend in
the same direction as the first strip portions DB1 in the second
region D2. As shown in FIG. 9A, an initial alignment direc-
tion Ia in the fourth embodiment is arranged parallel to scan-
ning signal lines GL, and the first strip portions DB1 and the
second strip portions DB2 are inclined to become symmetric
with each other with reference to the initial alignment direc-
tion Ia. The respective first strip portions DB1 and the respec-
tive second strip portions DB2 are formed in an extending
manner from trunk portions PS separately.

[0065] FIG. 9B and FIG. 9C are views for specifically
explaining the rotation of liquid crystal molecules LM shown
in FIG. 9A which is the enlarged plan view. FIG. 9B corre-
sponds to the rotation of the liquid crystal molecules LM
generated by the first strip portions DB1, and FIG. 9C corre-
sponds to the rotation of the liquid crystal molecules LM
generated by the second strip portions DB2. In FIG. 9B, an
initial alignment direction la is inclined at an angle 6
(0°<8<90°) in a clockwise direction as viewed from a counter
substrate B2 side with reference to a direction DB1a along
which the first strip portions DB1 extend, while in FIG. 9C,
the initial alignment direction la is inclined at an angle 8 in a
counterclockwise direction as viewed from the counter sub-
strate B2 side with reference to a direction DB2a along which
the second strip portions DB2 extend. Accordingly, as shown
in FIG. 9B, in the first region D1, a lateral electric field is
applied in a direction DB1e perpendicular to the extending
direction DB1a of'the first strip portions DB1 so that the right
twisting rotation is induced in the liquid crystal molecules
LM. As shown in FIG. 9C, in the second region D2, a lateral
electric field is applied in a direction DB2e perpendicular to
the extending direction DB2a of the second strip portions
DB2 so that the left twisting rotation is induced in the liquid
crystal molecules LM.

[0066] Also in the fourth embodiment, in the same manner
as the first embodiment, a chiral dopant which imparts the left
twisting rotation to a liquid crystal layer LC is added to the
liquid crystal layer LC. Further, as described above, in the
fourth embodiment, the first strip portions DB1 are formed in
an area larger than an area where the second strip portions are
formed and hence, the first region D1 where an electric field
is applied by the plurality of first strip portions DBI1 is set
larger than the second region D2. Accordingly, transmissivity
at the time of performing a white display in the first region D1
is enhanced so that transmissivity at the time of performing
the white display in the whole pixel region is enhanced. In the
second region D2, the rotation of the liquid crystal molecules
LM in the same direction as a direction which a chiral dopant
imparts is induced by a lateral electric field so that transmis-
sivity at the time of performing a white display is lowered.
However, as shown in FIG. 6, the generation of the pushed
domain can be reduced.

[0067] FIG. 9D is a view for specifically explaining the
rotation of liquid crystal molecules LM shown in FIG. 9A
which is an enlarged plan view, and corresponds to the rota-
tion of the liquid crystal molecules LM in the first bent por-
tions DN1. In the fourth embodiment, in the same manner as
the first embodiment, a pushed domain is liable to be gener-
ated in the first region D1. In view of the above, as described
above, the first bent portions DN1 which extend from the first
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strip portions DB1 in a bent shape are formed. A direction
DN1a along which the first bent portions DN1 extend is, as
shown in FIG. 9D, inclined at an angle ¢ (0°<$<90°) in a
clockwise direction with reference to the direction DBla
along which the first strip portions DB1 extend. A direction
DNle of a lateral electric field generated by the bent portions
DN1 makes an acute angle in a counterclockwise direction
with reference to the initial alignment direction la. Accord-
ingly, the direction of rotation induced by the first strip por-
tions DB1 and the direction of the rotation induced by the first
bent portion DN1 are inverted from each other.

[0068] In the fourth embodiment, the second bent portions
DN2 are bent from the second strip portions DB2 and extend
in the same direction as the first bent portions DN1. Accord-
ingly, the generation of the pushed domain in the second
region D2 can be further reduced.

[0069] Although the second bent portions DN2 extend in
the same direction as the first bent portions DN1 in the fourth
embodiment, the second bent portions DN2 may extend in a
direction different from the direction along which the first
bent portions DN1 extend or the second bent portions DN2
may not be formed.

[0070] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device comprising:

a thin film transistor substrate;

a counter substrate which is arranged to face the thin film
transistor substrate in an opposed manner; and

a liquid crystal layer sandwiched between the thin film
transistor substrate and the counter substrate;

wherein the thin film transistor substrate includes a first
electrode and a second electrode for applying an electric
field in a substrate in-plane direction;

wherein the first electrode includes a plurality of strip
portions which extend in a predetermined direction;

wherein a chiral dopant which imparts rotation in a direc-
tion opposite to a rotational direction of liquid crystal
induced by an electric field applied between the strip
portions and the second electrode is added to the liquid
crystal layer;

wherein the first electrode further includes bent portions
which are bent from the strip portions;

wherein a direction of initial alignment direction of liquid
crystal molecules in the liquid crystal layeris inclined by
an angle 6 (0°<6<90°) with reference to a first edge
which extends in the predetermined direction, the first
edge being included in each of the strip portions;

wherein each of the bent portions has a second edge
inclined by an angle ¢ (0°<p<90°) with reference to the
first edge of each of the strip portions; and

wherein the angle ¢ that the second edges are inclined with
reference to the first edges is set larger than the angle 6
that the initial alignment direction is inclined with ref-
erence to the first edges.
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2. The liquid crystal display device according to claim 1,

wherein the first electrode further includes a trunk portion
to which the plurality of strip portions are connected
respectively; and

wherein the bent portions are arranged between the strip
portions and the trunk portion.

3. The liquid crystal display device according to claim 1,

wherein the first electrode further includes a trunk portion
to which the plurality of strip portions are connected
respectively; and

wherein the bent portions are arranged on edge portions of
the strip portions on a side opposite to a side where the
strip portions are connected to the trunk portion.

4. The liquid crystal display device according to claim 1,

wherein a region to which an electric field is applied by the
strip portions and the second electrode is set larger than
aregion to which an electric field is applied by the bent
portions and the second electrode.

5. A liquid crystal display device comprising:

a thin film transistor substrate;

a counter substrate which is arranged to face the thin film
transistor substrate in an opposed manner; and

a liquid crystal layer sandwiched between the thin film
transistor substrate and the counter substrate;

wherein the thin film transistor substrate includes a first
electrode and a second electrode for applying an electric
field in a substrate in-plane direction;

wherein the first electrode includes a plurality of first strip
potions which extend in a predetermined direction, a
plurality of second strip portions which extend in a dif-
ferent direction from the first strip portions and a trunk
portion which is connected to the respective first strip
portions and the respective second strip portions;

wherein a chiral dopant which imparts rotation in a direc-
tion opposite to a rotational direction of liquid crystal
induced by an electric field applied between the first
strip portions and the second electrode is added to the
liquid crystal layer;

wherein a direction of an initial alignment direction of
liquid crystal molecules in the liquid crystal layer is
inclined by an angle 6(0°<8<90°) with reference to a
first edge which extends in the predetermined direction,
the first edge being included in each of the first strip
portions;

wherein a direction that the second strip portions extend is
inclined toward a side opposite to a side that the first
edge of each of the first strip portions is inclined with
reference to the initial alignment direction; and

wherein a region to which an electric field is applied by the
plurality of first strip portions and the second electrode is
set larger than a region to which an electric field is
applied by the plurality of second strip portions and the
second electrode.

6. The liquid crystal display device according to claim 5,
wherein the first electrode further includes first bent por-
tions which are bent from the first strip portions; and
wherein each of the first bent portions has a second edge
inclined by an angle ¢ (0°<¢<90°) with reference to the
first edge of each of the first strip portions on the same
side as a side where the initial alignment direction is

inclined.
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