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(57) ABSTRACT

To provide a structure for achieving high transmittance in a
lateral-electric-field mode liquid crystal display device
through stably controlling the domains in the terminal parts of
comb-shaped electrodes where the liquid crystal molecules
rotate in the reverse direction. In the lateral-electric-field
mode liquid crystal display device in which common elec-
trodes and pixel electrodes are formed on a same layer, a
protrusion part is provided in a direction in an obtuse angle
with the comb-shaped electrode and substantially in parallel
to a scan line in the terminal part of the comb-shaped elec-
trode of the pixel electrode or the common electrode, a float-
ing electrode is extended in the extending direction of the
comb-shaped electrode to overlap with the comb-shaped
electrode in the terminal part, and a liquid crystal reverse
rotation locked structure is formed with the protrusion part of
the comb-shaped electrode and the floating electrode.
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FIG.1A
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FIG.2
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LATERAL-ELECTRIC-FIELD MODE LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2010-
009379, filed on Jan. 19, 2010, the disclosure of which is
incorporated herein in its entirety 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, more specifically, to a lateral-electric-field
mode active matrix liquid crystal display device which can
achieve a high numerical aperture ratio.

[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display device (LCD) is
characterized to be thin, light, and low power consumption.
Particularly, an active matrix liquid crystal display device
(AM-LCD) which drives individual pixels arranged in length
and width directions in a matrix form by active elements is
recognized as a high-definition flat panel display. Especially,
a display device (TFT-LCD) using thin film transistors
(TFTs) as the active elements for switching the individual
pixels is being spread widely.

[0006] Many active matrix liquid crystal display devices
use the electro-optical effect of twisted nematic (TN) liquid
crystals, which displays images through displacing liquid
crystal molecules by applying, to the liquid crystal sand-
wiched between two substrates, an electric field that is
roughly vertical with respect to the substrate face. This is
called a ““vertical-electric-field mode”. In the meantime, a
“lateral-electric-field mode” liquid crystal display device
which displays images through displacing liquid crystal mol-
ecules within a plane being roughly in parallel to the substrate
face by applying an electric field that is roughly in parallel to
the substrate face has been also well known from before.
Various modifications are applied also on the lateral-electric-
field mode liquid crystal display device as in the case of the
vertical-electric-field mode liquid crystal display device, and
an example thereof will be shown below.

[0007] Japanese Unexamined Patent Publication 2002-
323706 (Patent Document 1) discloses a structure in which a
pixel electrode and a common electrode (both formed in a
comb shape) for generating a lateral electric field for driving
liquid crystal are placed by sandwiching an insulating layer at
aposition higher (i.e., a position close to aliquid crystal layer)
than a bus line (data line) which supplies a signal to an active
element for driving each pixel (see claim 1, First embodi-
ment, FIG. 1 and FIG. 2). With this structure, the electric field
from the bus line can be blocked through forming the com-
mon electrode by covering the bus line, so that poor display
caused dueto vertical crosstalk can be prevented. Further, itis
considered that the numerical aperture can be improved by
forming the common electrode with a transparent conductive
material.

[0008] FIGS.19A-19C show an example of the structure of
the typical lateral-electric-field mode active matrix liquid
crystal display device. FIG. 19A is a plan view, FIG. 19B is a
cross-sectional view taken along a line A-A' of FIG. 19A, and
FIG. 19C is a cross-sectional taken along a line B-B' of FIG.
19A. Further, FIGS. 20A, 20B, 20C, and 20D are plan views
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of' main parts showing manufacturing steps of the liquid crys-
tal display device. All of those illustrations show regarding
only one pixel region.

[0009] With the liquid crystal display device, as shown in
FIG. 19A and FIG. 20B, each pixel region is formed in a
rectangular range surrounded by a plurality of gate bus lines
155 extending in the lateral (left-and-right) direction of the
drawings and a plurality of drain bus lines 156 extending in
the vertical (top-and-bottom) direction of the drawings, and a
plurality of pixels are arranged in a matrix form as a whole. A
plurality of common bus lines 153 are formed by extending in
the lateral direction of the drawings as in the case of the gate
bus lines 155. A thin film transistor (TFT) 145 is formed at
each intersection point between the gate bus lines 155 and the
drain bus lines 156 by corresponding to each pixel. A drain
electrode 141, a source electrode 142, and a semiconductor
film 143 of the thin film transistor 145 are formed in respec-
tive patterns (shapes) shown in FIG. 20B.

[0010] Each of pixel electrodes 171 and common elec-
trodes 172 for generating a liquid crystal driving electric field
has comb-shaped parts (thin-strip sections projected within
each pixel region) that are engaged with each other. There are
two comb-shaped parts in the pixel electrode 171, and a single
comb-shaped part in the common electrode 172 in this case.
As shown in FIG. 19B, the pixel electrode 171 is electrically
connected to the source electrode 142 of the thin film transis-
tor 145 via a contact hole 161 opened through an organic
interlayer film 160 and a protective insulating film 159. The
common electrode 172 is electrically connected to the com-
mon bus line 153 via a contact hole 162 opened through the
organic interlayer film 160, the protective insulating film 159,
and an interlayer insulating film 157. A part of the source
electrode 142 of the thin film transistor 145 overlaps with the
common bus line 153 via the interlayer insulating film 157,
and the overlapping part forms a storage capacitor for the
pixel region.

[0011] The cross-sectional structure of the liquid crystal
display device is as shown in FIG. 19B and FIG. 19C. An
active matrix substrate and a counter substrate are joined and
unified by having a liquid crystal 120 interposed there
between.

[0012] The active matrix substrate includes a transparent
glass substrate 111, and the common bus line 153, the gate bus
line 155, the drain bus lines 156, the thin film transistor 145,
the pixel electrode 171, and the common electrode 172
formed on the inner surface of the glass substrate 111. The
common bus line 153 and the gate bus line 155 are formed
directly on the inner surface of the glass substrate 111, and
those are covered by the interlayer insulating film 157. The
drain electrode 141, the source electrode 142, and the semi-
conductor film 143 of the thin film transistor 145 as well as the
drain bus lines 156 are formed on the interlayer insulating
film 157. Therefore, the common bus line 153 and the gate bus
line 155 are electrically insulated from the drain electrode
141, the source electrode 142, the semiconductor film 143,
and the drain bus lines 156 by the interlayer insulating film
157. Those structures formed on the glass substrate 111 are
covered by the protective insulating film 159 except the con-
tact holes 161 and 162. The steps generated because of the
contact holes 161 and 162 are flattened by the organic inter-
layer film 160 formed on the protective insulating film 159.
The pixel electrodes 171 and the common electrodes 172 are
formed on the organic interlayer film 160. As described
above, the pixel electrode 171 is electrically connected to the
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source electrode 142 via the contact hole 161, and the com-
mon electrode 172 is electrically connected to the common
bus line 153 via the contact hole 162. The cross-sectional
views of FIG. 19B and FIG. 19C are model illustrations, and
those are not faithful regenerations of the actual step struc-
ture. The surface (the face on which the pixel electrodes 171
and the common electrodes 172 are formed) of the active
matrix substrate having the above-described structures is cov-
ered by an alignment film 131 that is formed with an organic
polymer film. Alignment processing for directing the initial
direction of liquid crystal molecules 121 towards a prescribed
direction (see an arrow in FIG. 19A) is applied on the surface
of the alignment film 131. In the meantime, the counter sub-
strate (a color filter substrate) includes a transparent glass
substrate 112, a color filter (not shown) configured with three
primary colors of red (R), green (G), and blue (B) formed on
the inner surface of the glass substrate 112 by corresponding
to each pixel region, and a light-shielding black matrix (not
shown) formed in the regions other than those corresponding
to each of the pixel regions. The color filter and the black
matrix are covered by an acryl-based overcoat film (not
shown). A columnar spacer (not shown) for controlling the
space between the active matrix substrate and the counter
substrate is formed on the inner surface of the overcoat film.
Further, the inner surface ofthe overcoat film is covered by an
alignment film 132 that is formed with an organic polymer.
Alignment processing for directing the initial direction of
liquid crystal molecules 121 towards a prescribed direction
(see an arrow in FIG. 19A) is applied on the surface of the
alignment film 132.

[0013] Theactive matrix substrate and the counter substrate
having the structures described above are superimposed on
one another with a prescribed space by being opposed to each
other while having the surfaces where the alignment film 131
and the alignment film 132 are formed faced towards the inner
side, respectively. The liquid crystal 120 is provided in the
space between the both substrates, and the peripheral edges of
the both substrates are sealed by a seal material (not shown)
for sealing the liquid crystal 120 therein. A pair of polariza-
tion plates (not shown) is disposed on the outer side faces of
the both substrates, respectively.

[0014] As described above, the alignment processing is
uniformly applied on the surfaces of the alignment film 131
and the alignment film 132 so that the liquid crystal molecules
121 are aligned in parallel along the alignment direction when
there is no electric field being applied. The alignment direc-
tion is defined as a direction that is tilted by 15 degrees
clockwise with respect to the direction (the top-and-bottom
direction of FIG. 19A) along which the comb-shaped parts of
the pixel electrodes 171 and the common electrodes 172 are
extended.

[0015] The directions of the transmission axes of the pair of
polarization plates are set to be orthogonal to each other. One
ofthe transmission axes of the pair of polarization plates is set
to be consistent with the original alignment direction (the
alignment direction when no electric field is applied) of the
liquid crystal on which the alignment processing is applied
uniformly.

[0016] Next, the manufacturing steps of the liquid crystal
display device shown in FIG. 19 will be described by refer-
ring to FIG. 20.

[0017] The active matrix substrate is manufactured in a
following manner. First, a chrome (Cr) film is formed on one
surface of the glass substrate 111, and it is patterned to form
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the common bus line 153 and the gate bus line 155 having the
shapes as shown in FIG. 20A. Thereafter, the interlayer insu-
lating film 157 made of silicon nitride (SiNx) is formed all
over the glass substrate 111 to cover the common bus line 153
and the gate bus line 155. Subsequently, the semiconductor
film 143 (normally an amorphous silicon (a-Si) film) of the
thin film transistor in an island pattern is formed in the inter-
layer insulating film 157 to overlap with the corresponding
gate bus line 155 via the interlayer insulating film 157. Fur-
ther, the drain bus line 156, the drain electrode 141, and the
source electrode 142 are formed by forming a Cr film on the
interlayer insulating film 157 and then patterning it (see FIG.
20B). Thereafter, the protective insulating film 159 made of
SiNx and the organic interlayer film 160 made of a photosen-
sitive acryl resin are formed in a stacked manner in this order
on the interlayer insulating film 157 to cover the above-
described structures. Subsequently, the square contact hole
161 opened through the protective insulating film 159 and the
organic interlayer film 160 and the rectangular contact hole
162 opened through the interlayer insulating film 157, the
protective insulating film 159, and the organic interlayer film
160 are formed (see FIG. 20C). Further, the pixel electrode
171 and the common electrode 172 are formed on the organic
interlayer film 160 by forming an ITO (Indium Tin Oxide)
film as a transparent electrode material on the organic inter-
layer film 60 and then patterning it. The pixel electrode 171 is
in contact with the source electrode 142 via the contact hole
161. The common electrode 172 is in contact with the com-
mon bus line 153 via the contact hole 162 (see FIG. 20D and
FIG. 19B). Thereby, the active matrix substrate can be fabri-
cated.

[0018] The counter substrate (the color filter substrate) is
manufactured in a following manner. First, the color filter and
the light-shielding black matrix (both are not shown) are
formed on one surface of the glass substrate 112. Thereafter,
an overcoat film (not shown) is formed all over the glass
substrate 112 to cover the color filter and the black matrix.
Further, the columnar spacer (not shown) is formed on the
overcoat film. Thereby, the counter substrate is fabricated.
The alignment films 131 and 132 made of polyimide are
formed, respectively, on the surfaces of the active matrix
substrate and the counter substrate manufactured in the
above-described manner. Thereafter, the alignment process-
ing is done uniformly on the surfaces of the alignment films
131 and 132. Subsequently, after stacking the both substrates
with each other with a prescribed space (4.5 pm, for example)
therebetween, the peripheral edges of the both substrates are
sealed by a seal material except the hole for injecting the
liquid crystal. Then, after injecting prescribed nematic liquid
crystal (nematic liquid crystal with refractive anisotropy of
0.067, for example) into the space between the both substrates
from the hole for injecting the liquid crystal within a vacuum
chamber, the hole for injecting the liquid crystal is closed.
When the respective polarization plates (not shown) are lami-
nated on the external surface of the both substrates after
connecting and unifying the both substrates, the liquid crystal
display device having the structures shown in FIG. 19 can be
completed.

[0019] It is known that a region (called a “reverse rotation
domain”) where the liquid crystal molecules rotate in the
direction that is reversed from the normal rotating direction of
the liquid crystal molecule at the time of applying a liquid
crystal driving electric field is generated in the vicinity of the
tip section of the comb-shaped part of the pixel electrode 171
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and the common electrode 172 in the lateral-electric-field
mode liquid crystal display device described above.

[0020] FIG. 21 is an illustration for schematically describ-
ing the principle of generating the reverse rotation domain in
the liquid crystal display device shown in FIG. 19 to FIG. 20.
For simplifying the explanation, FIG. 21 shows only the pixel
electrodes 171, the common electrode 172, and the liquid
crystal molecules 121, and liquid crystal electric fields (elec-
tric power lines) E generated within the pixel regions by the
comb-shaped parts of the electrode 171 and 172 are illus-
trated schematically.

[0021] The direction of the rotation (this rotation occurs
within a plane that is almost in parallel to the active matrix
substrate and the counter substrate) of the liquid crystal mol-
ecules 121 generated by the liquid crystal driving electric
fields E is defined by the relation between the initial align-
ment direction (the alignment processing direction shown by
anarrow) of the liquid crystal molecules 121 and the direction
of the liquid crystal driving electric fields E. Thus, it is in the
“clockwise direction” in most of the areas in the pixel regions.
B shows a border domain showing the border at which the
liquid crystal driving electric fields E change.

[0022] However, the liquid crystal driving electric fields E
become radial as shown in FIG. 21 in the vicinity of the tip
sections of the comb-shaped parts of the pixel electrodes 171,
so that the liquid crystal molecules rotate in the “counter-
clockwise” direction in the region (reverse rotation domains
R) shown in the drawing. That is, the regions shown in the
drawing are the regions (i.e., the reverse rotation domains R)
where the liquid crystal molecules rotate in the “counter-
clockwise” direction.

[0023] Japanese Unexamined Patent Publication Hei
10-307295 (Patent Document 2) discloses a technique which
reduces coloring in the display from an oblique viewing angle
through bending electrodes that generate lateral electric fields
to intentionally vary the liquid crystal driving (rotating) direc-
tions by each region with the bent parts when the electric field
is applied (see claims 1, 3, 5 and FIGS. 1-2, 4, and 6).
[0024] For example, it is assumed to be in a structure in
which the initial alignment direction of the liquid crystal
molecules of a first sub-region and the initial alignment direc-
tion of the liquid crystal molecules in a second sub-region are
the same, and the liquid crystal molecules in each sub-region
rotate in the reversed rotating directions when a voltage is
applied while keeping the alignment directions to be in a
mutually symmetrical relation (see claim 3). Further, in this
structure, it is preferable that the lateral electric fields for
driving the liquid crystal molecules are generated by parallel
electrode pairs and that the electrodes configuring the parallel
electrode pairs are bent in a V-shape (see claim 5).

[0025] As described above, the liquid crystal driving elec-
tric fields E are distributed radially in the vicinity of the tip
sections of the comb-shaped electrodes, thereby forming the
regions (reverse rotation domains) where the liquid crystal
molecules rotate in the direction opposite from the prescribed
rotating direction due to the relation with respect to the initial
alignment direction of the liquid crystal. Since the liquid
crystal driving electric fields E are in a gradual radial form in
the vicinity of the tip sections of the comb-shaped electrodes,
dark regions (the border domains B) generated between the
reverse rotation domains R and the normal domains become
large and the positions of the border domains B are unstable
as well.
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[0026] Therefore, when there is an external pressure such
as finger pressing or the like applied on the display surface,
the shapes of the reverse rotation domains R (or the positions
of the border domains B) become unstable. Therefore, it is
recognized as a finger pressed mark even after the external
pressure is released. Further, there is also an issue of gener-
ating panel transmittance loss since the width of the border
domains B becomes widened. That is, while the reverse rota-
tion domains R contribute to the panel transmittance, the
border domains B remain in a dark state even at the time of
white display (at the time of applying voltage).

[0027] It is therefore an exemplary object of the present
invention to provide a structure which can achieve a high
transmittance in a lateral-electric-field mode liquid crystal
display device through stably controlling the domains gener-
ated in the terminal parts of the comb-shaped electrodes
where the liquid crystal molecules rotate in the reverse direc-
tion.

SUMMARY OF THE INVENTION

[0028] Inorderto overcome the foregoing issues, the liquid
crystal display device according to an exemplary aspect of the
invention is a lateral-electric-field mode liquid crystal display
device which enables display by rotating homogeneously
aligned liquid crystal by a lateral electric field that is substan-
tially in parallel to a substrate applied between pixel elec-
trodes and common electrodes, wherein: the pixel electrodes
and the common electrodes are formed on a same layer, and
the pixel electrodes and the common electrodes have comb-
shaped first parts extended alternately substantially in parallel
to each other; there is at least one region in a terminal part of
the first part of either the pixel electrode or the common
electrode, which is surrounded on three sides by two of the
first parts of the other electrode out of the pixel electrode and
the common electrode and a second part that connects the two
first parts; and at least in the one region, there is a protrusion
part connected to the terminal part of the first part, the pro-
trusion part being extended in a direction rotated by an angle
in a range of 90 degrees, inclusive, to 180 degrees, exclusive,
by having the terminal part of the first part as the rotation
center, towards a direction, by an acute angle rotation towards
which direction, the extending direction of the first part can be
overlapped with an alignment direction of the liquid crystal,
and there is also a floating electrode that overlaps with the
terminal part of the first part via an insulating film, the floating
electrode being extended in a direction that is roughly the
same direction as the extending direction of the first part up to
a position closer to the second part of the other electrode than
the terminal part of the first part.

[0029] FIG. 3 shows the effects thereof. The floating elec-
trode has a substantially equal potential as the comb-shaped
parts of the electrodes having the tip sections in the parts. The
reverse rotation domains can be locked in by the region sur-
rounded by the protrusion parts of the comb-shaped elec-
trodes, the floating electrodes, and the electrodes opposing to
the comb-shaped parts of the electrodes having the tip sec-
tions in the parts (hereinafter, the locked-in region is called a
reverse rotation locked region).

[0030] As an exemplary advantage according to the inven-
tion, this makes it possible to completely suppress the issues
of such phenomena caused with the related techniques that
the dark regions (border domains) generated between the
reverse rotation domains and the normal domains become
expanded and the positions thereof become unstable. There-
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fore, it is possible to acquire a structure with which no finger
pressed mark or the like remains after an external pressure is
released even when the external pressure such as finger press-
ing or the like is applied on the display surface, since the
reverse rotation locked region is stable.

[0031] Further, the floating electrode can be extended to the
area extremely close to the opposing electrode or to an area
slightly overlapping with the counter electrode. Thus, a suf-
ficiently strong lateral electric field can be generated up to the
area of the opposing electrode, so that the light utilization
efficiency can be increased. Further, the transmittance light
can be actively utilized even in the reverse rotation locked
region formed between the floating electrode and the protru-
sion part of the comb-shaped electrode, so that the light
utilization efficiency can be improved as well.

[0032] Further, in the liquid crystal display device of the
present invention, the first parts of the pixel electrode and the
common electrode are in a bent structure, including a part
tilted by a specific angle 6 with respect to the alignment
direction of the liquid crystal and a part tilted by -6. The
second part of the pixel electrode or the common electrode
can be formed substantially perpendicular to the liquid crystal
alignment direction.

[0033] With this, a still wider viewing angle can be
acquired.
[0034] Further, as a desirable form of the liquid crystal

display device of the present invention, the bent direction of
the first part in the terminal part of the first part can be set to
be substantially in parallel to the second part of the other
electrode.

[0035] This makes it possible to lock in the reverse rotation
regions efficiently and to widen the regions of the forward
direction.

[0036] The present invention is capable of efficiently lock-
ing in the regions where the liquid crystal molecules rotate in
the reverse direction in the vicinity of the end of the electrode
with the floating electrode extended substantially in the same
direction as that of the comb-shaped electrode and the pro-
trusion part provided in the end of the comb-shaped electrode,
and capable of bringing the floating electrode to the vicinity
of the opposing electrode. Therefore, a normal-state lateral
electric field can be applied in almost all the regions on the
outside of the liquid crystal reverse rotation region. Further,
the liquid crystal reverse rotation region can be closed into a
still smaller region, so that the light utilization efficiency can
be increased prominently.

[0037] The present invention makes it possible to achieve
extremely high light utilization efficiency in IPS (In Plane
Switching) liquid crystal display devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1A is a plan view showing the structure of a
pixel of a liquid crystal display device according to a first
exemplary embodiment of the present invention;

[0039] FIG. 1B is a cross-sectional view taken along a line
A-A'of FIG. 1A;

[0040] FIG. 2 shows a main part concentrating on the tip
section of a pixel electrode shown in FIG. 1 which shows the
plan view of the liquid crystal display device according to the
first exemplary embodiment of the present invention;

[0041] FIG. 3 is an illustration for describing behaviors of
the liquid crystal shown in FIG. 2 which shows the main part
in the plan view of the liquid crystal display device according
to the first exemplary embodiment of the present invention;
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[0042] FIG. 4 is an illustration for describing Japanese
Patent Application 2008-188243;

[0043] FIG.5isanillustration for describing a modification
example of the first exemplary embodiment of the present
invention;

[0044] FIG. 6 is anillustration for describing a modification
example of the first exemplary embodiment of the present
invention;

[0045] FIG.7isanillustration for describing a modification
example of the first exemplary embodiment of the present
invention;

[0046] FIG.8isanillustration for describing a modification
example of the first exemplary embodiment of the present
invention;

[0047] FIG.9isanillustration for describing a modification
example of the first exemplary embodiment of the present
invention;

[0048] FIG. 10 is an illustration for describing a modifica-
tion example of the first exemplary embodiment of the
present invention;

[0049] FIG. 11 is an illustration for describing a modifica-
tion example of the first exemplary embodiment of the
present invention;

[0050] FIG. 12 is a plan view showing the structure of a
pixel of a liquid crystal display device according to a second
exemplary embodiment of the present invention;

[0051] FIG. 13 shows a main part concentrating on the tip
section of a pixel electrode shown in FIG. 12 which shows the
plan view of the liquid crystal display device according to the
second exemplary embodiment of the present invention;
[0052] FIG. 14 is an illustration for describing behaviors of
the liquid crystal shown in FIG. 13 which shows the main part
in the plan view of the liquid crystal display device according
to the second exemplary embodiment of the present inven-
tion;

[0053] FIG. 15 is a plan view showing the structure of a
pixel of a liquid crystal display device according to a third
exemplary embodiment of the present invention;

[0054] FIG. 16 is a plan view showing the structure of a
pixel of a liquid crystal display device according to a fourth
exemplary embodiment of the present invention;

[0055] FIG. 17 is a plan view showing the structure of a
pixel of a liquid crystal display device according to a fifth
exemplary embodiment of the present invention;

[0056] FIG. 18 is a plan view showing the structure of a
pixel of a liquid crystal display device according to a sixth
exemplary embodiment of the present invention;

[0057] FIGS. 19A-19C show illustrations of an example of
the structure of a typical lateral-electric-field mode active
matrix liquid crystal display device, in which FIG. 19A is a
plan view of a pixel, FIG. 19B is a cross-sectional view taken
along a line A-A' of FIG. 19A, and FIG. 19C is a cross-
sectional view taken along a line B-B' of FIG. 19A;

[0058] FIG. 20 is a main part plan view showing manufac-
turing steps of the liquid crystal display device shown in FIG.
19; and

[0059] FIG. 21 is an illustration showing a state of an upper
side of the pixel region of the liquid crystal display device
shown in FIG. 19 when a liquid crystal driving electric field is
applied by applying a voltage between pixel electrodes and
common electrodes.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0060] Japanese Patent Application 2008-188243 proposes
atechnique which divides a tip of a comb-shaped electrode of
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IPS into two branches, and locks in the area where the liquid
crystal molecules rotate in the direction different from a pre-
scribed direction in the divided electrodes. FIG. 4 shows the
main idea of this case. The tip of the comb-shaped electrode
part (a first part 3) of the pixel electrode is divided into two
branches, and a protrusion part 26 is provided in the direction
different from the extending direction of the comb tooth.
Between the protrusion part 26 and the comb-shaped elec-
trode part (a first part 4) of the common electrode, an electric
field 22 of the so-called forward direction works in the lower-
side region of the protrusion part 26 for causing rotating
actions in the direction (referred to as the forward direction
hereinafter) which is the same direction towards which liquid
crystal molecules 15 are rotated by an electric field 16 applied
between the first part 3 of the pixel electrode and the first part
4 of the common electrode.

[0061] Inthe meantime, an electric field 20 for rotating the
liquid crystal in the direction reversed from the forward direc-
tion works in a region 27 surrounded by the two-branch part
of'the tip of the pixel electrode, the first part 4 of the common
electrode, and a second part 6 connecting the comb-shaped
electrode of the common electrode. Through a reverse-direc-
tion electric field working between the protrusion part 26 of
the pixel electrode and the first part 4 of the common elec-
trode, the liquid crystal molecules 15 of the entire region 27
can be rotated stably in the reverse direction. Further, the
liquid crystal molecules 15 can be rotated in the forward
direction in the regions on the outside of the region 27. This
makes it possible to control the liquid crystal efficiently in the
tip section of the comb-shaped electrode, so that the light
utilization efficiency can be increased.

[0062] The related technique disclosed in Japanese Patent
Application 2008-188243 can lock in the reverse rotation
region with the two branched parts and use it actively. How-
ever, when the part extending substantially in parallel with the
comb-shaped electrode out of the two branched parts is in the
same layer as that of the opposing electrode (the common
electrode in the drawing), those cannot be placed too close in
terms of the process control. Under a normal LCD design
rule, it is necessary to have a distance of about 5 pm (or about
2 um even in a highly controlled process), the reverse rotation
locked region 27 becomes larger for that amount. Further,
even though the forward-direction electric field works, the
distance between the comb-shaped electrode tip section and
the opposing electrode becomes isolated, thereby forming a
region 18 where the electric field is not applied sufficiently.
Due to these factors, the light utilization efficiency becomes
deteriorated.

[0063] The present invention is characterized as a lateral-
electric-field mode liquid crystal display device which
enables display by rotating homogeneously aligned liquid
crystal by a lateral electric field that is substantially in parallel
to a substrate applied between pixel electrodes and common
electrodes, wherein: the pixel electrodes and the common
electrodes are formed on a same layer, and the pixel elec-
trodes and the common electrodes have comb-shaped first
parts extended alternately substantially in parallel to each
other; there is at least one region in a terminal end part of the
first part of either the pixel electrode or the common elec-
trode, which is surrounded on three sides by two of the first
parts of the other electrode out of the pixel electrode and the
common electrode and a second part that connects the two
first parts; and at least in the one region, there is a protrusion
part connected to the terminal part of the first part, the pro-
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trusion part being extended in a direction rotated by an angle
in a range of 90 degrees, inclusive, to 180 degrees, exclusive,
by having the terminal part of the first part as the rotation
center, towards a direction, by an acute angle rotation towards
which direction, the extending direction of the first part can be
overlapped with an alignment direction of the liquid crystal,
and there is also a floating electrode that overlaps with the
terminal part of the first part via an insulating film, the floating
electrode being extended in a direction that is roughly the
same direction as the extending direction of the first part up to
a position closer to the second part of the other electrode than
the terminal part of the first part.

[0064] The details thereof will be described hereinafter
along a specific exemplary embodiment.

First Exemplary Embodiment

[0065] A first exemplary embodiment will be described by
referring to FIGS. 1A, 1B, FIG. 2, and FIG. 3.

[0066] FIG. 1A is a plan view showing the structure of a
pixel of a liquid crystal display device according to the first
exemplary embodiment of the present invention. FIG. 1B is a
cross-sectional view taken along a line A-A' of FIG. 1A. FIG.
2 is an enlarged view of'the part in the vicinity of the upper end
part of a comb-shaped electrode (the first part 3 of the pixel
electrode) of the pixel of FIG. 1. FIG. 3 is an illustration for
describing behaviors of the liquid crystal shown in FIG. 2.
[0067] Hereinafter, the pixel of the first exemplary embodi-
ment shown in FIGS. 1A and 1B will be described in details
by following its fabrication order.

[0068] First, a scan line 1, a common signal wiring 12, and
areverse rotation locking floating electrode 7 are formed on a
glass substrate 100 by a first metal layer (e.g., Cr of 250 nm).
[0069] Then, a gate insulating film 101 (e.g., SiNx of 500
nm) and a thin film semiconductor layer 13 (e.g., 200 nm/50
nm of a-Si/n-a-Si) are formed, and the thin film semiconduc-
tor layer 13 is patterned by leaving only a TFT part that is
provided as a switching element of the pixel. Further, by using
a second metal layer (e.g., 250 nm of Cr), a data line 2, a
source/drain electrode 30 of the TFT, and a pixel electrode
part 31 made with the second metal layer are formed. Then,
n-a-Si of the TFT part is eliminated by having the source/
drain electrode 30 of the TFT as a mask.

[0070] Thereafter, a protective insulating film 102 (e.g.,
600 nm of SiNx) is formed, and a through hole 14 for con-
necting the pixel electrode and a through hole 11 for connect-
ing the common electrode are formed.

[0071] Further, a pattern configured with the first part 3 of
the pixel electrode, a second part 5 of the pixel electrode, a
first part 4 of the common electrode, a second part 6 of the
common electrode, a first part 8 of the common electrode for
shielding a data line 2, and a protrusion part 10 of the tip of the
pixel electrode is formed thereon by using a transparent elec-
trode (e.g., 80 nm of ITO). A TFT array is formed by a method
described above.

[0072] A counter glass substrate 107 on which a color layer
105 of RGB and an overcoat layer 104 are formed as a color
filter is prepared. A columnar spacer (not shown) is provided
on the overcoat layer 104 of the color filter in such a manner
that the thickness of the liquid crystal layer becomes 3.5 um.
[0073] Analignment film 103 is applied and baked on both
the TFT substrate on which the array is formed and the color
filter substrate, and rubbing processing is performed on both
substrates in the direction of liquid crystal initial alignment
direction 9 of FIG. 1. The both substrates are laminated, and
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liquid crystal 109 is injected therein. As the liquid crystal 109,
a liquid crystal material satisfying An=0.086 and Ae=9 is
used, and it is homogeneously aligned in the liquid crystal
initial alignment direction 9.

[0074] Further, two polarization plates 106 and 110 having
one polarization axis directed towards the liquid crystal initial
alignment direction 9 are laminated on the outer side of the
glass substrate 100 and the counter glass substrate 107.
Thereby, the liquid crystal panel can achieve fine black dis-
play in a state where a voltage is not applied to the liquid
crystal 109.

[0075] Further, through applying a voltage between the first
part 3 of the pixel electrode and the first part 4 of the common
electrode by driving the scan line 1 and the data line 2, an
electric field (lateral electric field) 16 that is substantially in
parallel to the substrate can be applied. This makes it possible
to control the display by rotating liquid crystal molecules 15
of the liquid crystal 109.

[0076] The first part 3 of the pixel electrode, the first part 4
of the common electrode, and the first part 8 of the common
electrode that shields the data line 2 are in a form bent in the
vicinity of the center of the pixel. The upper half part of the
first part 3 of the pixel electrode is tilted by 0 clockwise with
respect to the liquid crystal initial alignment direction 9, and
the lower half part is tilted by —0. Thereby, an electric filed in
the direction rotated by 0 clockwise from the horizontal direc-
tion (the extending direction of the scan line 1) is applied in
the upper half part of the pixel in the drawing between the first
part 3 of the pixel electrode and the first part 4 of the common
electrode, and an electric field in the direction rotated by -6
from the horizontal direction is applied in the lower half part
of the pixel in the drawing. In the exemplary embodiment, it
is set to be 6=15 degrees.

[0077] With such electric fields, the liquid crystal mol-
ecules 15 rotate in the reverse directions from each other in
the upper part and the lower part of the pixel. Thus, the liquid
crystal molecules can optically compensate each other, so
that it is possible to achieve a wide viewing angle with no
gradation inversion and no coloring.

[0078] Thesecond part 6 of the common electrode connects
the first part 4 of the common electrode with the first part 8 of
the common electrode that shields the data line 2, and con-
nects those to a common signal wiring 12 via the through hole
11. Further, the second part 6 of the common electrode is
formed to cover the scan line 1 for shielding it. Thereby, no
influence of the electric field from the scan line 1 is to be
imposed, so that the effective display region of the pixel can
be secured wide.

[0079] The first part 8 of the common electrode that shields
the data line 2 shields the electric field of the data line 2 to
suppress the influences thereof imposed on the display unit.
At the same time, the first part 8 of the common electrode
takes up a role that is equivalent to the first part 4 of the
common electrode, i.e., has a function of applying a lateral
electric field between the first part 3 of the pixel electrode and
itself.

[0080] Themain part regarding the first exemplary embodi-
ment of the present invention will be described by referring to
FIG. 2 and FIG. 3.

[0081] On the upper end part of the first part 3 of the pixel
electrode, the protrusion part 10 is formed in the direction
rotated at an angle in a range of 90 degrees, inclusive, to 180
degrees, exclusive, which is in a direction making an acute-
angle rotation towards the liquid crystal initial alignment
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direction 9 from an extending direction 24 of the first part 3 of
the pixel electrode by having the end part as the start point
(i.e., the direction with which the direction towards the base
part from the end part of the first part 3 (the oblique lower left
direction of the drawing) overlaps with the liquid crystal
initial alignment direction 9 by making an acute-angle rota-
tion. In this case, the protrusion part 10 is extended in the
same direction as the horizontal direction (the extending
direction of the scan line 1), i.e., extended in the direction of
6+90 degrees as the rotation angle from the first part 3 of the
pixel electrode, in order to acquire the highest light utilization
efficiency.

[0082] The protrusion part 10 of the tip of the pixel elec-
trode is desirable to be formed close to the first part 4 of the
common electrode as much as possible. In this exemplary
embodiment, the space between the first part 3 of the pixel
electrode and the first part 4 of the common electrode in the
horizontal direction is set as 10 um. It is necessary to isolate
the pixel electrode and the common electrode by about 6 pm
due to the restriction in terms of the manufacturing process
such as exposure. Therefore, the protrusion part 10 in this
case is extended for 4 um from the tip of the first part of the
pixel electrode.

[0083] Itis empirically known that the length for extending
the protrusion part 10 is to be at least 2 pum or more, and more
desirably, 4 um or more. Thereby, a reverse-direction electric
field 20 in the reverse rotation locked region 28 on the upper
side of the protrusion part 10 in the drawing and a forward-
direction electric field 22 in the lower side region of the
protrusion part 10 in the drawing can be formed sufficiently
strong. Therefore, alignment of the liquid crystal can be sta-
bilized.

[0084] In a case where the electrode space between the
pixel electrode and the common electrode is narrow, the
length of the protrusion part 10 can be secured by changing
the shape of the first part 4 of the common electrode to a hook
shape as shown in FIG. 5.

[0085] Further, the reverse rotation locking floating elec-
trode 7 extended in the extending direction of the first part 3
of the pixel electrode is formed. The reverse rotation locking
floating electrode 7 is formed by a first metal layer, and it is
capacitance-coupled with the first part 3 of the pixel electrode
via the gate insulating film 101 and the protective insulating
film 102.

[0086] The reverse rotation locking floating electrode 7 can
be brought to the position that is closer to the second part 6 of
the common electrode than the terminal part of the first part 3
of the pixel electrode. It is desirable for this reverse rotation
locking floating electrode 7 not to overlap with the second
part 6 of the common electrode. Thereby, the reverse rotation
locking floating electrode 7 has a main capacitance only with
the pixel electrode, and only has a small capacitance with the
common electrode since it does not overlap with the common
electrode. Due to the relation regarding the capacitance cou-
pling amounts, it comes to have an almost equivalent poten-
tial as that of the pixel electrode.

[0087] Thereby, in FIG. 3, the reverse rotation locking
floating electrode 7 and the protrusion part 10 of the tip of the
pixel electrode come to have the potential of the pixel elec-
trode. The region surrounded by the first part 4 and the second
part 6 of the common electrode opposing to that region is the
electric field 20 for rotating the liquid crystal molecules 15 of
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the liquid crystal 109 in the clockwise direction in the draw-
ing, and this domain can be taken as a reverse rotation locked
region 28.

[0088] In the meantime, the region corresponding to the
lower side of the protrusion part 10 in the drawing on the
outside of the border of the reverse rotation locked region 28,
the strong electric field 22 works between the protrusion part
10 and the first part 4 of the common electrode. The rotating
direction (called a forward direction; counterclockwise direc-
tion in this drawing) caused in the liquid crystal molecules 15
of the liquid crystal 109 by a desirable electric field 16
between the first part (the comb-shaped electrode part) 3 of
the pixel electrode and the first part (the comb-shaped elec-
trode part) 4 of the common electrode and the rotating direc-
tion of the liquid crystal molecules 15 of the liquid crystal 109
caused by the strong electric field 22 match with each other.
Therefore, the liquid crystal molecules 15 can be rotated in
the forward direction without disturbance in the region on the
lower side of the protrusion part 10.

[0089] Further, in a part of corresponding to the left side of
the drawing of the reverse rotation locking floating electrode
7, the electrode 7 is almost equivalent to the potential of the
pixel electrode. Thus, an effective electric field 23 which
rotates the liquid crystal molecules 15 in the forward direction
can be applied between the first electrode part 8 of the com-
mon electrode that shields the data line 2 and the second part
6 of the common electrode efficiently up to the edge of the
second part 6 of the common electrode.

[0090] The above-structures make it possible to cause
almost ideal forward-direction rotations in the regions on the
lower side and the left side of the reverse rotation locked
region 28 in the drawing, so that the light utilization efficiency
can be increased.

[0091] Further, it is verified that such phenomena caused
with the structures shown in FIGS. 19-21 that a dark region
(border domain) generated between the reverse rotation
domain and the normal domain becomes large and that the
position thereof becomes unstable can be suppressed com-
pletely. Thus, it is possible to acquire a structure with which
no finger pressing mark or the like is generated at all after
releasing an external pressure even when the external pres-
sure such as finger pressing is applied on the display surface,
since the reverse rotation locked region is stable.

[0092] Further, the pixel electrode and the common elec-
trode are formed with a same layer. Thus, through forming
both the first part 3 of the pixel electrode and the first part 4 of
the common electrode with a transparent conductive film, the
light passing on both electrodes can be utilized. Thus, there is
an advantage in terms of the light utilization efficiency.
Through forming the pixel electrode and the common elec-
trode with the same layer, there is only one-time forming
processing required for the transparent conductive layer.
Therefore, the manufacturing steps can be simplified.
[0093] Inthe meantime, for forming the pixel electrode and
the common electrode with the same layer, it is necessary to
isolate the terminal part of the first part 3 of the pixel electrode
from the second part 6 of the common electrode by a pre-
scribed distance. In this exemplary embodiment, the both
electrodes are formed with ITO while being isolated by 6 pm.
[0094] In this respect, with the technique proposed in Japa-
nese Patent Application 2008-188243 shown in FIG. 4, the
length (substantially equal to the space between the elec-
trodes) to be extended substantially in parallel to the extend-
ing direction of the comb tooth of the electrode branched into
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two is required in addition to 6 pm. Thus, the two-branched
diverging points are to be isolated from the connection part
(the second part) of the common electrode by about 10-16
um, so that the area of the reverse rotation locked region 27
becomes increased. This reverse rotation locked region 27
can utilize the light by utilizing the rotation of the liquid
crystal molecules 15. However, the efficiency of applying the
electric field is slightly less efficient compared to the lower
side and left side of the region to which the forward-direction
electric field is applied, so that the transmittance is deterio-
rated slightly.

[0095] Further, a region 18 formed on the upper left of the
two-branched electrodes extending in the upper side of FIG.
4 is isolated from the terminal part of the electrode. Thus, the
electric field 21 is weak, so that the liquid crystal molecules of
the liquid crystal do not rotate sufficiently. Therefore, it is not
possible to acquire large light transmittance.

[0096] In the meantime, in the case of the first exemplary
embodiment to which the present invention is applied, the
terminal part of the first part 3 of the pixel electrode simply
needs to be isolated from the second part 6 of the common
electrode by 6 um. Thus, the reverse rotation locked region 28
can be made in a still smaller size. Therefore, the area of the
normal domain on the lower side of the protrusion part 10
rotating in the forward direction can be secured still wider.
Further, the reverse rotation locking floating electrode 7 that
is of almost equivalent potential as that of the pixel electrode
can be brought close to the position that is extremely close to
the second part 6 of the common electrode. Therefore, the
effective electric field 23 which rotates the liquid crystal
molecules 15 in the forward direction can be applied between
the first part 8 of the common electrode that shields the data
line 2 and the second part 6 of the common electrode effi-
ciently up to the edge of the second part 6 of the common
electrode. Thus, unlike the case of Japanese Patent Applica-
tion 2008-188243, there is no such region like the region 18
being generated. Therefore, the light utilization efficiency on
the outside of the reverse rotation locked region can be
increased.

[0097] Through the above, it is possible with the first exem-
plary embodiment to acquire the fine light utilization effi-
ciency even better than the case of Japanese Patent Applica-
tion 2008-188243. In the first exemplary embodiment, the
reverse rotation locking floating electrode 7 is formed linearly
by extending to the first part 3 of the pixel electrode. However,
it is not essential to be in a linear form. As shown in FIG. 6, a
protrusion part 7a may also be formed in the reverse rotation
locking floating electrode 7 along the protrusion part 10 of the
pixel electrode. Further, the protrusion 7a of the reverse rota-
tion locking floating electrode 7 can be formed to be still
closer to the first part 4 of the common electrode by going
over the protrusion part 10 through extending it along the
protrusion part 10 of the pixel electrode as shown in FIG. 7. In
that case, the step of the reverse rotation locking floating
electrode 7 formed with the first metal layer abuts against the
rubbing direction perpendicularly, so that the alignment con-
trol becomes more difficult. However, there is such an advan-
tage that the control of electric fields becomes stable.

[0098] Further, while the reverse rotation locking floating
electrode 7 is formed not to overlap with the second part 6 of
the common electrode in the first exemplary embodiment, itis
also possible to employ a structure in which those are over-
lapping with each other slightly as in FIG. 8 by considering a
margin regarding the divergence in alignment, etc. In that
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case, it is desirable for the overlapping area of the reverse
rotation locking floating electrode 7 and the second part 6 of
the common electrode to be sufficiently smaller compared to
the overlapping area with the pixel electrode so that the
reverse rotation locking floating electrode 7 becomes almost
equivalent to the potential of the pixel electrode.

[0099] Further, while the reverse rotation locking floating
electrode 7 is formed along the extending direction of the first
part 3 of the pixel electrode linearly in the first exemplary
embodiment, the reverse rotation locking floating electrode 7
may be bent at the end part or the extended part may be
extended in the direction that is slightly different from the
extending direction of the first part 3 of the pixel electrode. In
that case, it is possible to form the reverse rotation locked
region 28 stably, and to form the forward-direction rotating
region on the outside thereof properly. However, the maxi-
mum light utilization efficiency is achieved when the reverse
rotation locking floating electrode 7 is extended in the direc-
tion along the first part 3 of the pixel electrode. Even when it
is formed by being deviated therefrom, it is desirable to be
within +20 with respect to the angle 0 that is formed between
the liquid crystal initial alignment direction 9 and the extend-
ing direction of the first part 3 of the pixel electrode. Thereby,
the reverse rotation locked region 28 can be locked in stably.
[0100] Further, while the first part 3 of the pixel electrode
and the protrusion part 10 of the tip of the pixel electrode are
ina shape bent in a zigzag form in the first exemplary embodi-
ment, those parts may be bent in a curved manner as shown in
FIG. 10. In that case, there is also no influence for the lock-in
effect of the reverser rotation locked region 28.

[0101] Further, while the first part 3 of the pixel electrode is
not extended up to the position closer to the second part 6 of
the common electrode than the protrusion part 10 of the tip of
the first part of the pixel electrode in the first exemplary
embodiment, it is also possible to employ a structure in which
a tip section 3a of the first part 3 of the pixel electrode is
slightly pulled out along the reverse rotation locking floating
electrode 7.

[0102] Furthermore, while the first exemplary embodiment
is described by referring to the case where the reverse rotation
locked region 28 is locked in by the protrusion part 10 of the
tip of the first part of the pixel electrode and the reverse
rotation locking floating electrode 7 in the region surrounded
on three sides by the first part 3 of the pixel electrode, the first
part 4 of the common electrode, and the second part 6 of the
common electrode, the same can be implemented in a region
of'the tip section of the first part of the common electrode that
is surrounded on three sides by the pixel electrodes.

Second Exemplary Embodiment

[0103] A second exemplary embodiment of the present
invention will be described by referring to FIGS. 12, 13, and
14. FIG. 12 is a plan view showing the structure of a pixel of
a liquid crystal display device according to the second exem-
plary embodiment of the present invention. FIG. 13 is an
enlarged view of the part in the vicinity of the upper end part
of a comb-shaped electrode (the first part 3 of the pixel elec-
trode) of the pixel of FIG. 12. FIG. 14 is an illustration for
describing behaviors of the liquid crystal shown in FIG. 13.

[0104] The pixel according to the second exemplary
embodiment of the present invention shown in FIG. 12 is
created by the same procedure as that of the first exemplary
embodiment. While the first part 3 of the pixel electrode, the
first part 4 of the common electrode, and the first part 8 of the
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common electrode that shields the data line 2 are bent in the
center of the pixel in the first exemplary embodiment, the first
part 3 of the pixel electrode, the first part 4 of the common
electrode, and the first part 8 of the common electrode that
shields the data line 2 bent in the center of the pixel are not
bent but formed linearly in the second exemplary embodi-
ment.

[0105] The liquid crystal initial alignment direction 9 is set
to be the direction rotated by 15 degrees counterclockwise
from the extending direction of the first part 3 of the pixel
electrode, and the liquid crystal molecules are aligned in this
direction homogeneously.

[0106] The main part regarding the second exemplary
embodiment of the present invention will be described by
referring to FIG. 13.

[0107] On the upper end part of the first part 3 of the pixel
electrode, a protrusion part 10 of the tip of the pixel electrode
is formed in the direction rotated at angle in a range of 90
degrees, inclusive, to 180 degrees, exclusive, which is in a
direction making an acute-angle rotation towards the liquid
crystal initial alignment direction 9 from an extending direc-
tion of the first part 3 of the pixel electrode by having the end
part as the start point (i.e., the direction with which the direc-
tion towards the base part from the end part of the first part 3
(the lower direction of the drawing) overlaps with the liquid
crystal initial alignment direction 9 by making an acute-angle
rotation. In this case, the protrusion part 10 is extended in the
same direction as the horizontal direction (the extending
direction of the scan line), i.e., extended in the direction of 90
degrees as the rotation angle from the first part 3 of the pixel
electrode, in order to acquire the highest light utilization
efficiency.

[0108] Further, a reverse rotation locking floating electrode
7 extended in the extending direction of the first part 3 of the
pixel electrode is formed. The reverse rotation locking float-
ing electrode 7 is formed by a first metal layer, and it is
capacitance-coupled with the first part 3 of the pixel electrode
via a gate insulating film 101 and a protective insulating film
102.

[0109] Thereverse rotation locking floating electrode 7 can
be brought to the position that is closer to the second part 6 of
the common electrode than the terminal part of the first part 3
of the pixel electrode. It is desirable for this reverse rotation
locking floating electrode 7 not to overlap with the second
part 6 of the common electrode. Thereby, the reverse rotation
locking floating electrode 7 has a main capacitance only with
the pixel electrode, and only has a small capacitance with the
common electrode since it does not overlap with the common
electrode. Therefore, it comes to have an almost equivalent
potential as that of the pixel electrode. Thereby, as shown in
FIG. 14, the reverse rotation floating electrode 7 and the
protrusion part 10 of the tip of the pixel electrode come to
have the potential of the pixel electrode. The region sur-
rounded by the first part 4 of the common electrode and the
second part 6 of the common electrode opposing to that
region is an electric field for rotating the liquid crystal in the
clockwise direction in the drawing, and this domain can be
taken as the reverse rotation locked region 28.

[0110] In the meantime, the region corresponding to the
lower side of the protrusion part 10 in the drawing on the
outside of the border of the reverse rotation locked region 28,
a strong electric field 22 works between the protrusion part 10
and the first part 4 of the common electrode. The rotating
direction (called a forward direction; counterclockwise direc-
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tion in this drawing) caused by a desirable electric field 16
between the first part (the comb-shaped electrode part) 3 of
the pixel electrode and the first part (the comb-shaped elec-
trode part) 4 of the common electrode and the rotating direc-
tion of the liquid crystal caused by the strong electric field 22
match with each other. Therefore, liquid crystal molecules 15
can be rotated in the forward direction in a fine manner in the
region on the lower side of the protrusion part 10.

[0111] Further, in a part of corresponding to the left side of
the drawing of the reverse rotation locking floating electrode
7, the electrode 7 is almost equivalent to the potential of the
pixel electrode. Thus, an effective electric field 23 which
rotates the liquid crystal molecules 15 in the forward direction
can be applied between the first electrode part 8 of the com-
mon electrode that shields the data line 2 and the second part
6 of the common electrode efficiently up to the edge of the
second part 6 of the common electrode.

[0112] The above-structures make it possible to cause
almost ideal forward-direction rotations in the regions on the
lower side and the left side of the reverse rotation locked
region 28 in the drawing, so that the light utilization efficiency
can be increased.

[0113] Further, it is verified that such phenomena caused
with the structures shown in FIGS. 19-21 that a dark region
(border domain) generated between the reverse rotation
domain and the normal domain becomes large and that the
position thereof becomes unstable can be suppressed com-
pletely. Thus, it is possible to acquire a structure with which
no finger pressing mark or the like is generated at all after
releasing an external pressure even when the external pres-
sure such as finger pressing is applied on the display surface,
since the reverse rotation locked region is stable.

[0114] As described above, with the second exemplary
embodiment to which the present invention is applied, the
alignment becomes stable and the high light utilization effi-
ciency can be achieved.

Third Exemplary Embodiment

[0115] A third exemplary embodiment of the present inven-
tion will be described by referring to FIG. 15. FIG. 15 isa plan
view showing the structure of a pixel of a liquid crystal
display device according to the third exemplary embodiment
of the present invention.

[0116] The difference of the third exemplary embodiment
with respect to the first exemplary embodiment is that a
floating domain stabilizing electrode 25 is formed in the bent
parts of the first part 3 of the pixel electrode, the first part 4 of
the common electrode, and the first part 8 of the common
electrode that shields the data line 2 by being overlapped
thereon to be capacitance-coupled. Thereby, the state where
the rotating directions of the liquid crystal are divided on the
upper and lower parts of the pixel electrode is more stabilized,
and the reverse rotation locked structure formed in the termi-
nal part of the first part 3 of the pixel electrode can function
more stably.

Fourth Exemplary Embodiment

[0117] A fourth exemplary embodiment of the present
invention will be described by referring to FIG. 16. FIG. 16 is
a plan view showing the structure of a pixel of a liquid crystal
display device according to the fourth exemplary embodi-
ment of the present invention.

Jul. 21, 2011

[0118] The difference of the fourth exemplary embodiment
with respect to the first exemplary embodiment is that the
through hole 11 for connecting the common electrode is
omitted. This makes it possible to form a pixel electrode part
31 formed with a second metal layer still wider and to leave
the area required for forming the through hole 11 for the
aperture part. Therefore, the light utilization efficiency can be
increased further.

Fifth Exemplary Embodiment

[0119] A fifth exemplary embodiment of the present inven-
tion will be described by referring to FIG. 17. FIG. 17 is a plan
view showing the structure of a pixel of a liquid crystal
display device according to the fifth exemplary embodiment
of the present invention.

[0120] The difference of the fifth exemplary embodiment
with respect to the fourth exemplary embodiment is as fol-
lows. That s, the fifth exemplary embodiment is structured to:
form a gate storage forming pixel electrode part 32 formed
with a second metal layer to overlap with a scan line that is not
the one which performs switching out of two scan lines 1
neighboring to the pixel; and form a second through hole 33
connecting the pixel electrode to connect a pixel electrode
part 31 formed with the second metal layer via the first part 3
of the pixel electrode. Further, for forming the connection
part, the second part 6 of the common electrode is formed not
to cover the scan line 1 entirely but to dig out the second
through hole 33 for connecting the pixel electrode and the
ITO pixel electrode part for connecting it.

[0121] A storage capacitance (gate storage) is formed
between the gate storage forming pixel electrode part 32
formed with the second metal layer and the scan line 1 via a
gate insulating film. Further, a capacitance is formed also
between the gate storage forming pixel electrode part 32
formed with the second metal layer and the second part 6 of
the common electrode formed thereon. This makes it possible
to reduce the storage capacitance formed between the pixel
electrode part 31 formed with the second metal layer and a
common signal wiring 12, so that the area of that part can be
decreased. Therefore, the area of the display region can be
widened further.

Sixth Exemplary Embodiment

[0122] A sixth exemplary embodiment of the present
invention will be described by referring to FIG. 18. FIG. 18 is
a plan view showing the structure of a pixel of a liquid crystal
display device according to the sixth exemplary embodiment
of the present invention.

[0123] The difference of the sixth exemplary embodiment
with respect to the fifth exemplary embodiment is that the
second part 6 of the common electrode is formed by further
digging out the pattern so that the part overlapped with the
gate storage forming pixel electrode part 32 formed with the
second metal layer becomes decreased as much as possible.
[0124] In a case where a contact hole electrode is not
formed within the pixel as in the cases of the fifth and sixth
exemplary embodiments, it is necessary to supply the com-
mon electrode potential of ITO of each pixel only with a
network connected in matrix formed with the ITO electrodes
within the pixels from the bus lines of the common electrodes
that are formed in four sides of the display device, such as a
wiring lead part or the like on the outside of a display unit. In
general, the ITO electrode exhibits a higher resistance com-
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pared to wiring metal or the like such as Cr used for the first
and second metal layers. Thus, there is a possibility that the
common electrode potential of ITO does not reach a pre-
scribed common electrode potential after writing is com-
pleted, due to delay caused by coupling with the data line, etc.
[0125] Inthis case, itis found as a result of studies that there
is a following relation between a deviation AVT of the ITO
common electrode potential from the prescribed common
electrode potential at the point where writing of the pixel ends
and a deviation AVeff from an ideal effective voltage when
there is no delay in the time average of the effective voltage
between the pixel electrode and the common electrode within
one frame from the end of writing, provided that a capacitance
formed between the pixel electrode and the ITO common
electrode within a pixel is C1, and the sum of the capacitance
between the pixel electrode and the scan line 1 and the capaci-
tance between the pixel electrode and the common signal
wiring 12 is C2.

AVeff=AVFCLC1+C2)

[0126] As a result of several studies, it is found that the
influence of delay of ITO becomes a level that has almost no
problem in terms of display when C1/(C1+C2)<Y5 is satis-
fied, and becomes a level that has almost no problem in
practical use when C1/(C1+C2)<V5 is satisfied.

[0127] Keeping the above-described facts in mind, the dif-
ference of the sixth exemplary embodiment with respect to
the fifth exemplary embodiment is that the pattern is dug out
further so that the overlapping part of the second part 6 of the
common electrode and the gate storage forming pixel elec-
trode part 32 formed with the second metal layer is decreased
as much as possible, and that it is defined as C1/(C1+C2)=V4.
[0128] This makes it possible to suppress the influence of
the delay caused due to the resistance of ITO to alevel that has
almost no problem in practical use.

[0129] It is to be noted that the present invention is not
limited only to the depictions of the above exemplary
embodiments. It is possible to apply modifications and
changes to the structures, layout, shapes, and the like as
appropriate as long as the protrusion part bent to the extend-
ing direction of the comb-shaped electrode and the reverse
rotation locking floating electrode extending along the
extending direction of the comb-shaped electrode are pro-
vided in the tip section of the comb-shaped electrode.
[0130] The whole or part of the exemplary embodiments
disclosed above can be described as, but not limited to, the
following supplementary notes:

(Supplementary Note 1)

[0131] A lateral-electric-field mode liquid crystal display
device which enables display by rotating homogeneously
aligned liquid crystal by a lateral electric field that is substan-
tially in parallel to a substrate applied between pixel elec-
trodes and common electrodes, wherein: the pixel electrodes
and the common electrodes are formed on a same layer, and
the pixel electrodes and the common electrodes have comb-
shaped first parts extended alternately substantially in parallel
to each other; there is at least one region in a terminal end part
of the first part of either the pixel electrode or the common
electrode, which is surrounded on three sides by two of the
first parts of the other electrode out of the pixel electrode and
the common electrode and a second part that connects the two
first parts; and at least in the one region, there is a protrusion
part connected to the terminal part of the first part, the pro-
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trusion part being extended in a direction rotated by an angle
in a range of 90 degrees, inclusive, to 180 degrees, exclusive,
by having the terminal part of the first part as the rotation
center, towards a direction, by an acute angle rotation towards
which direction, the extending direction of the first part can be
overlapped with an alignment direction of the liquid crystal,
and there is also a floating electrode that overlaps with the
terminal part of the first part via an insulating film, the floating
electrode being extended in a direction that is roughly the
same direction as the extending direction of the first part up to
a position closer to the second part of the other electrode than
the terminal part of the first part.

(Supplementary Note 2)

[0132] The liquid crystal display device as depicted in
Supplementary Note 1, wherein: the first parts of the pixel
electrode and the common electrode are in a bent structure
which includes a part tilted by a specific angle 6 with respect
to the liquid crystal alignment direction and a part tilted by
-0; and the second part of the pixel electrode or the common
electrode is extended along a direction that is substantially
orthogonal to the liquid crystal alignment direction.

(Supplementary Note 3)

[0133] The liquid crystal display device as depicted in
Supplementary Note 1 or 2, wherein the extending direction
of the protrusion part is substantially in parallel to the second
part of the other electrode.

(Supplementary Note 4)

[0134] The liquid crystal display device as depicted in any
one of Supplementary Notes 1 to 3, wherein the floating
electrode is formed to overlap with at least a part of the
terminal part of the first part and the protrusion part.

(Supplementary Note 5)

[0135] The liquid crystal display device as depicted in
Supplementary Note 4, wherein the floating electrode is
extended up to a position closer to the first part of the other
electrode than the protrusion part.

INDUSTRIAL APPLICABILITY

[0136] The present invention can be utilized for lateral-
electric-field mode active matrix liquid crystal display
devices and arbitrary apparatuses which use the liquid crystal
devices as the display devices.

What is claimed is:

1. A lateral-electric-field mode liquid crystal display
device which enables display by rotating homogeneously
aligned liquid crystal by a lateral electric field that is substan-
tially in parallel to a substrate applied between pixel elec-
trodes and common electrodes, wherein:

the pixel electrodes and the common electrodes are formed

on a same layer, and the pixel electrodes and the com-
mon electrodes have comb-shaped first parts extended
alternately substantially in parallel to each other;

there is at least one region in a terminal part of the first part

of either the pixel electrode or the common electrode,
which is surrounded on three sides by two of the first
parts of the other electrode out of the pixel electrode and
the common electrode and a second part that connects
the two first parts; and
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at least in the one region, there is a protrusion part con-
nected to the terminal part of the first part, the protrusion
part being extended in a direction rotated by an angle in
a range of 90 degrees, inclusive, to 180 degrees, exclu-
sive, by having the terminal part of the first part as the
rotation center, towards a direction, by an acute angle
rotation towards which direction, the extending direc-
tion of the first part can be overlapped with an alignment
direction of the liquid crystal, and there is also a floating
electrode that overlaps with the terminal part of the first
part via an insulating film, the floating electrode being
extended in a direction that is roughly the same direction
as the extending direction of the first part up to a position
closer to the second part of the other electrode than the
terminal part of the first part.

2. The liquid crystal display device as claimed in claim 1,

wherein:

the first parts of the pixel electrode and the common elec-
trode are in a bent structure which includes a part tilted
by a specific angle 6 with respect to the liquid crystal

11
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alignment direction and a part tilted by -0; and the
second part of the pixel electrode or the common elec-
trode is extended along a direction that is substantially
orthogonal to the liquid crystal alignment direction.
3. The liquid crystal display device as claimed in claim 1,
wherein
the extending direction of the protrusion part is substan-
tially in parallel to the second part of the other electrode.
4. The liquid crystal display device as claimed in claim 1,
wherein
the floating electrode is formed to overlap with at least a
part of the terminal part of the first part and the protru-
sion part.
5. The liquid crystal display device as claimed in claim 4,
wherein
the floating electrode is extended up to a position closer to
the first part of the other electrode than the protrusion
part.
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