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(57) ABSTRACT

A liquid crystal display apparatus includes a liquid crystal
layer which is disposed in a gap between first and second
substrates with long axes of liquid crystal molecules being
aligned in one direction, in substantially parallel to substrate
surfaces. A plurality of thin film transistors are arranged in
row and column directions on an upper side of the first
substrate. Pixel electrodes are provided on the upper side of
the first substrate to be electrically connected with the thin
film transistors. A common electrode is formed on the upper
side of'the first substrate between the substrate and the liquid
crystal layer to correspond to the pixel electrode through an

(22) Filed: Apr. 26, 2006 : . . i
insulating film, and generates an electric filed which controls
(30) Foreign Application Priority Data an alignment direction of the liquid crystal molecules in a
plane substantially parallel with the substrate surfaces
Jan. 31, 2006 (JP) oovvrrveeerrereeens 2006-022438 between itself and the pixel electrode.
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LIQUID CRYSTAL DISPLAY APPARATUS WHICH
PERFORMS DISPLAY BY USING ELECTRIC
FIELD IN DIRECTION SUBSTANTIALLY
PARALLEL WITH SUBSTRATE SURFACES TO
CONTROL ALIGNMENT DIRECTION OF LIQUID
CRYSTAL MOLECULES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2006-022438, filed Jan. 31, 2006, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display apparatus which performs display by using an elec-
tric field parallel with substrate surfaces to control a direc-
tion of liquid crystal molecules in a plane parallel with the
substrate surfaces.

[0004] 2. Description of the Related Art

[0005] As a liquid crystal display apparatus, there is
known one having a configuration in which a liquid crystal
layer having liquid crystal molecules aligned in substantially
parallel with substrate surfaces with long axes being aligned
in one direction is provided between a pair of substrates
facing each other with a gap therebetween. Pixel electrodes
and a common electrode which are insulated from each other
are provided on an inner surfaces of one of the substrates
facing each other in order to generate an electric field which
controls an alignment direction of the liquid crystal mol-
ecules in a plane substantially parallel with the substrate
surfaces.

[0006] Conventionally, this liquid crystal display appara-
tus is configured to include on an inner surface of one of the
substrates, a common electrode corresponding to each pixel
region, and a plurality of pixel electrodes provided on an
insulating layer covering the common electrode in accor-
dance with the common electrode. A plurality of thin film
transistors respectively are connected with these pixel elec-
trodes also, there are provided a plurality of scanning lines
which supply gate signals to the thin film transistors in
respective rows, and a plurality of signal liens which supply
data signals to the thin film transistors in respective columns,
such an apparatus is described in, for example, Jpn. Pat.
Appln. KOKAI Publication No. 2002-82357.

[0007] In the conventional liquid crystal display appara-
tus, alignment of liquid crystal molecules in a peripheral
region of each pixel is disordered, light leaks in a peripheral
portion of the pixel and thus contrast is lowered, due to an
influence of an electric field generated between the scanning
lines or the signal lines and the pixel electrodes. Further,
when a black mask is provided in order to avoid this light
leak, there occurs a problem that an aperture ratio is reduced
and a display image is darkened.

BRIEF SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to provide a
liquid crystal display apparatus which can eliminate light
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leak in a peripheral portion of each pixel and increase
contrast and an aperture ratio to display a bright image.

[0009] According to a first aspect of the present invention,
there is provided a liquid crystal display apparatus a liquid
crystal display apparatus comprising:

[0010] a pair of substrates arranged to face each other with
a gap therebetween;

[0011] a liquid crystal layer which is disposed in the gap
between the pair of substrates with long axes of liquid
crystal molecules being aligned in one direction, in substan-
tially parallel to substrate surfaces;

[0012] a plurality of thin film transistors which are
arranged in a row direction and a column direction on an
inner surface side of one of the pair of substrates that faces
the other substrate, and to which display signals correspond-
ing to display data are supplied;

[0013] a plurality of pixel electrodes which are provided
on the inner surface side of the one substrate to be electri-
cally connected with the thin film transistors, and to which
the display signals are supplied from the thin film transis-
tors; and

[0014] a common electrode which is formed on the inner
surface side of the one substrate between the one substrate
and the liquid crystal layer to correspond to the pixel
electrode through an insulating film, and generates an elec-
tric filed which controls an alignment direction of the liquid
crystal molecules in a plane substantially parallel with the
substrate surfaces between itself and the pixel electrode.

[0015] In this liquid crystal display apparatus, it is desir-
able that at least a part of the common electrode is super-
imposed on the pixel electrode and at least one edge portion
which defines each pixel is formed in accordance with each
region corresponding to the pixel electrode. Furthermore, it
is desirable that an edge portion which defines each pixel in
accordance with each region corresponding to the pixel
electrode and a plurality of edge portions arranged on an
inner side of the pixel region are formed between the
common electrode and the pixel electrode in order to gen-
erate an electric field in a direction substantially parallel
with the substrate inner surfaces.

[0016] In this liquid crystal display apparatus, it is desir-
able to further provide on an inner surface side of one of the
substrates: a plurality of scanning lines which are respec-
tively arranged along a row direction between rows of the
respective pixel electrodes and supply scanning signals to
the thin film transistors in the respective rows; and a
plurality of signal lines which are respectively arranged
along a column direction between columns of the respective
pixel electrodes and supply display signals to the thin film
transistors in the respective columns.

[0017] Moreover, it is desirable that the common electrode
is formed into a continuous shape extending in at least one
of the pixel electrode row direction and the pixel electrode
column direction on an insulating layer covering the plural-
ity of pixel electrodes, thin film transistors, scanning lines
and signal lines by a region covering at least one of a region
between the pixel electrodes adjacent to each other with the
scanning line therebetween and a region between the pixel
electrodes adjacent to each other with the signal line ther-
ebetween, a plurality of partial electrodes which are aligned
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in parallel with each other at intervals are formed at a part
of the common electrode corresponding to the pixel elec-
trodes, and an electric field which controls an alignment
direction of the liquid crystal molecules is generated
between an edge portion of each partial electrode and the
pixel electrode.

[0018] Additionally, in this liquid crystal display appara-
tus, it is desirable that the insulating film which is interposed
between the pixel electrodes and the common electrode of
one of the substrates is a flattened film which is formed to
cover the pixel electrodes, the thin film transistors and
wiring lines connected with the transistors and determines
an inner surface of one of the substrates as a flat surface.

[0019] In this liquid crystal display apparatus, it is pref-
erable to further provide on the inner surface of one of the
substrates: a plurality of scanning lines which are respec-
tively arranged along a row direction between rows of the
respective pixel electrodes and supply scanning signals to
the thin film transistors in the respective rows; and a
plurality of signal lines which are respectively arranged
along a column direction between columns of the respective
pixel electrodes and supply display signals to the thin film
transistors in the respective columns.

[0020] Further, it is preferable that the common electrode
is formed on an insulating layer covering the plurality of
pixel electrodes, thin film transistors, scanning lines and
signal lines to cover both a region between the pixel elec-
trodes adjacent to each other with the scanning line ther-
ebetween and a region between the pixel electrodes adjacent
to each other with the signal line therebetween, a plurality of
edge portions which are aligned in parallel with each other
at intervals are formed in a region of the common electrode
corresponding to the pixel electrode, and an electric field
which controls an alignment direction of the liquid crystal
molecules is generated between the edge portions and the
pixel electrode.

[0021] In this case, it is preferable that, on an insulating
film of one substrate, the common electrode is constituted of
a transparent electroconductive film in which a plurality of
edge portions aligned in parallel with each other at intervals
in a region corresponding to each pixel are formed, and a
metal electroconductive film formed along one of a scanning
line extending along a row direction between the pixels
adjacent to each other and a signal line extending in a
column direction between the same. Furthermore, it is
preferable that, on the insulating film of the one substrate,
the common electrode is constituted of a transparent elec-
troconductive film in which a plurality of edge portions
aligned in parallel with each other at intervals in a region
corresponding to each pixel are formed; and a metal elec-
troconductive film which is formed along at least a scanning
line of the scanning line extending in a row direction
between the pixels adjacent to each other and a signal line
extending in a column direction between the same to cover
the scanning line and the thin film transistor. Moreover, it is
preferable that, on the insulating film of the one substrate,
the common electrode is constituted of a transparent elec-
troconductive film in which a plurality of edge portions
which are aligned in parallel with each other at intervals in
a region corresponding to each pixel are formed, and a metal
electroconductive film which is formed along at least a
scanning line of the scanning line extending in a row
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direction between the pixels adjacent to each other and a
signal line extending in a column direction between the
same at a part excluding a region corresponding to the thin
film transistor to cover the scanning line. Additionally, in
this case, it is desirable to further include a light shielding
film which is formed on an inner surface of the other one of
the pair of substrates in a region corresponding to each thin
film transistor formed on the one substrate. Further, it is
preferable that, on the insulating film of the one substrate,
the common electrode is constituted of a transparent elec-
troconductive film in which a plurality of edge portions
aligned in parallel with each other at intervals in a region
corresponding to each pixel are formed, and a metal elec-
troconductive film formed along both a scanning line
extending in a row direction between the pixels adjacent to
each other and a signal line extending in a column direction
between the same.

[0022] 1In this liquid crystal display apparatus, it is pref-
erable that the common electrode is formed on a substan-
tially entire surface of the insulating film covering the
plurality of pixel electrodes, thin film transistors, scanning
lines and signal lines, and slits which generate an electric
field which controls an alignment direction of the liquid
crystal molecules between the common electrode and the
pixel electrodes and form a plurality of edge portions
aligned in parallel with each other at intervals are provided
in a region of the common electrode corresponding to each
pixel electrode. In this case, it is preferable that the slits
formed in the common electrode are formed toward a
direction obliquely crossing a direction of an aligning treat-
ment of an aligning film to form edge portions which cross
in an oblique state except perpendicular and parallel states a
direction of long axes of the liquid crystal molecules aligned
by the aligning film formed on one substrate surface. Fur-
thermore, it is preferable for the pixel electrode formed on
the one substrate to be constituted of a transparent electro-
conductive film which has a shape corresponding to the slits
formed in the common electrode in a region corresponding
to the pixel and has opening portions formed in a region
overlapping the slits of the common electrode. Moreover, it
is desirable for the pixel electrode formed on the one
substrate to be constituted of a transparent electroconductive
film which has a shape corresponding to the slits formed in
the common electrode in a region corresponding to the pixel
and has an opening portions formed in a region overlapping
the slits of the common electrode.

[0023] In this liquid crystal display apparatus, it is pref-
erable for the pixel electrode formed on the one substrate to
be constituted of one substantially rectangular transparent
electroconductive film having an area corresponding to the
pixel.

[0024] According to a second aspect of the present inven-
tion, there is provided a liquid crystal display apparatus a
liquid crystal display apparatus comprising:

[0025] first and second substrates arranged to face each
other with a gap therebetween;

[0026] a liquid crystal layer which is disposed in the gap
between the pair of substrates with long axes of liquid
crystal molecules being aligned in one direction, in substan-
tially parallel with substrate surfaces;

[0027] a plurality of thin film transistors which are
arranged in a row direction and a column direction on an
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inner surface side of the first substrates that faces the second
substrate, and to which display signals corresponding to
display data are supplied;

[0028] a plurality of pixel electrodes which are provided
on the inner surface side of the first substrate to be electri-
cally connected with the thin film transistors, and to which
the display signals are supplied from the thin film transis-
tors;

[0029] a plurality of signal lines which are respectively
arranged between respective pixel electrode rows along the
row direction on the inner surface side of the first substrate
and which supply scanning signals to the thin film transistors
in the respective rows;

[0030] a plurality of signal lines which are respectively
arranged between respective pixel electrode columns along
the column direction on the inner surface side of the first
substrate and which supply display signals to the thin film
transistors in the respective columns; and

[0031] a common electrode which is formed on an insu-
lating film on the inner surface side of the first substrate to
correspond to the pixel electrodes between the pixel elec-
trodes and the liquid crystal layer, and the common electrode
being constituted of a transparent electroconductive film in
which a plurality of edge portions aligned in parallel with
each other at intervals in a region corresponding to each
pixel are formed, and of a metal electroconductive film
which is formed along at least the scanning line of the
scanning line extending in the row direction between the
pixels adjacent to each other and the scanning line extending
in the column direction between the same to cover the
scanning line and the thin film transistor, wherein the
common electrode generates an electric field which controls
an alignment direction of the liquid crystal molecules in a
plane substantially parallel with the substrate surfaces
between itself and the pixel electrode.

[0032] In this liquid crystal display apparatus, it is pref-
erable that the common electrode is formed on a substan-
tially entire surface of an insulating layer covering the
plurality of pixel electrodes, thin film transistors, scanning
lines and signal lines, slits forming a plurality of edge
portions aligned in parallel with each other at intervals to
generate an electric filed which controls an alignment direc-
tion of the liquid crystal molecules between the common
electrode and the pixel electrode are provided in a region of
the common electrode corresponding to the pixel electrode,
and the common electrode is bent in a V-like shape to form
an edge portion which crosses in an oblique state except
perpendicular and parallel states a direction of an aligning
treatment of an aligning film formed on one substrate
surface. Moreover, it is preferable for the pixel electrode
formed on the one substrate to be constituted of one sub-
stantially rectangular transparent electroconductive film
having an area corresponding to the pixel.

[0033] According to a third aspect of the present inven-
tion, there is provided a liquid crystal display apparatus a
liquid crystal display apparatus comprising:

[0034] a pair of substrates arranged to face each other with
a predetermined gap therebetween;

[0035] a liquid crystal layer which is disposed in the gap
between the pair of substrates with long axes of liquid
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crystal molecules being aligned in a predetermined direc-
tion, in substantially parallel with substrate surfaces;

[0036] a plurality of thin film transistors which are
arranged in a row direction and a column direction on an
inner surface side of one of the pair of substrates that faces
the other substrate, and to which display signals correspond-
ing to display data are supplied;

[0037] a plurality of pixel electrodes which are provided
on the inner surface side of the one substrate to be electri-
cally connected with the tin film transistors, and to which the
display signals are supplied from the thin film transistors;

[0038] a plurality of scanning lines which are respectively
arranged between respective pixel electrode rows along the
row direction on the inner surface side of the one substrate
and which supply scanning signals to the thin film transistors
in the respective rows;

[0039] a plurality of signal lines which are respectively
arranged between respective pixel electrode columns along
the column direction on the inner surface side of the one
substrate and which supply display signals to the thin film
transistors in the respective columns;

[0040] a common electrode which is constituted of a
transparent electroconductive film which is formed to cor-
respond to the pixel electrode on the liquid crystal display
side apart from the pixel electrode through an insulating film
and in which a plurality of edge portions aligned in parallel
with each other at intervals in a region corresponding to each
pixel are formed, and a metal electroconductive film which
is formed along both the scanning line extending in the row
direction between pixels adjacent to each other and the
signal line extending in the column direction between the
same at a part excluding a region corresponding to the thin
film transistor to cover the scanning line and the signal line
on the inner surface side of the one substrate, the common
electrode generating an electric field which controls an
alignment direction of the liquid crystal molecules in a plane
substantially parallel with the substrate surfaces between
itself and the pixel electrode; and

[0041] a light shielding film which is formed in a region
corresponding to the thin film transistor formed on one
substrate on an inner surface side of the other one of the pair
of substrates.

[0042] In the liquid crystal display apparatus according to
the first aspect of the present invention, the common elec-
trode is superimposed to cover the pixel electrode through
the insulating film on the liquid crystal layer side apart from
the pixel electrode, at least one edge portion is formed in
accordance with each region corresponding to the pixel
electrode, and an electric field which controls an alignment
direction of the liquid crystal molecules in a plane substan-
tially parallel with the substrate surface is generated between
the pixel electrode and the edge portion. Therefore, an
electric field which is generated in a peripheral portion of the
pixel electrode excluding a part between the pixel electrode
and the common electrode is blocked off with respect to the
liquid crystal layer, and hence disorder of alignment of the
pixel peripheral portion can be eliminated, thereby avoiding

light leak.

[0043] In this liquid crystal display apparatus, it is desir-
able to form in the common electrode a plurality of slits
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which form edges facing the pixel electrode in accordance
with the regions corresponding to the plurality of pixel
electrodes. Adopting such a structure can generate an elec-
tric field having a substantially uniform intensity between
each edge portion of the common electrode and the pixel
electrodes, thereby displaying a high-quality image.

[0044] Additionally, in this liquid crystal display appara-
tus, a plurality of scanning lines which are respectively
formed along each pixel electrode row and supply gate
signals to the thin film transistors in the respective rows and
a plurality of signal lines which are respectively formed
along each pixel electrode column and supply data signals to
the thin film transistors in the respective columns are pro-
vided on the inner surface of one electrode, the common
electrode is formed on an insulating layer covering the
plurality of pixel electrodes, thin film transistors, scanning
lines and signal lines into a shape extending in at least one
of the pixel electrode row direction and the pixel electrode
column direction by a region covering at least one of a
region between the pixel electrodes adjacent to each other
with the scanning line therebetween and a region between
the pixel electrodes adjacent to each other with the signal
line therebetween, a part of the common electrode corre-
sponding to the pixel electrode is constituted of a plurality
of partial electrodes aligned in parallel with each other at
intervals, and an electric field which controls an alignment
direction of the liquid crystal molecules is generated
between an edge portion of each partial electrode and the
pixel electrode. Therefore, an electric field generated
between at least one of the scanning line and the signal line
and the edge portion of the pixel electrode can be blocked off
by the common electrode, and disorder of alignment of the
liquid crystal molecules in a region around each pixel due to
the electric field can be eliminated. Therefore, light leak in
the pixel peripheral portion can be eliminated, thereby
display a high-quality image having high contrast and a high
numerical aperture.

[0045] In this liquid crystal display apparatus, the com-
mon electrode is formed to correspond to both a region
between the pixel electrodes adjacent to each other with the
plurality of scanning lines therebetween and a region
between the pixel electrodes adjacent to each other with the
signal line therebetween, and it is formed of the electrocon-
ductive film in which a plurality of slits forming a plurality
of partial electrodes aligned in parallel at intervals in each
part corresponding to each of the plurality of pixel elec-
trodes. Therefore, light leak can be eliminated on an entire
circumference of the pixel peripheral portion, the plurality of
partial electrodes of the common electrode corresponding to
the pixel electrode and portions of the common electrode
corresponding to the regions between the pixel electrodes
adjacent to each other can have substantially equal poten-
tials, and an electric field having a substantially uniform
intensity can be generated between the respective edge
portions of the common electrode and the pixel electrodes,
thereby displaying a high-quality image.

[0046] Further, it is desirable to form the plurality of pixel
electrodes into a shape corresponding to a predetermined
entire pixel region. Adopting such a configuration can sub-
stantially homogenize potentials of the pixel electrodes as a
whole and generate an electric field having a substantially
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uniform intensity between the edge portions of the common
electrode and the pixel electrodes, thereby displaying a
higher-quality image.

[0047] Furthermore, in this liquid crystal display appara-
tus, a common electrode line formed of a metal electrocon-
ductive film having a low resistance is provided at a part of
the common electrode corresponding to a region between
the pixel electrodes along an entire length of this region
along the scanning lines and the signal lines. As a result, the
common electrode of the plurality of pixels arranged in the
row direction and the column direction can have a substan-
tially equal potential, thereby displaying an image having no
luminance irregularities.

[0048] In the liquid crystal display apparatus according to
the second aspect of the present invention, the common
electrode is constituted of: the transparent electroconductive
film which is formed to correspond to the pixel electrode
through the insulating film on the liquid crystal layer side
apart from the pixel electrodes and on which a plurality of
edge portions aligned in parallel with each other at intervals
in a region corresponding to each pixel are formed; and the
metal electroconductive film which is formed along at least
the scanning line of the scanning line extending in the row
direction between the pixels adjacent to each other and the
signal line extending in the column direction between the
same to cover the scanning line and the thin film transistor.
Furthermore, an electric field which controls an alignment
direction of the liquid crystal molecules in a plane substan-
tially parallel with the substrate surface is generated between
the control electrode and the pixel electrode. Therefore, an
electric field generated in a peripheral portion of the pixel
electrode other than a part between the pixel electrode and
the common electrode is blocked off with respect to the
liquid crystal layer. As a result, light leak can be avoided
without disorder of alignment in the pixel peripheral portion,
thereby effecting bright display having high contrast and a
high numerical aperture. Moreover, since the metal electro-
conductive film is formed on the common electrode along
both the scanning line and the signal line, an electrical
resistance of the common electrode can be decreased, and
the uniform electrode can be applied to each pixel. Addi-
tionally, since the metal electroconductive film is formed to
correspond to each thin film transistor, light shielding of this
thin film transistor can be performed, thereby carrying out
stable display.

[0049] In this liquid crystal display, when the V-shaped
slits are provided in the common electrode, behaviors of the
liquid crystal molecules due to application of an electric
field can be stabilized. Further, when the pixel electrode is
formed of one rectangular transparent electroconductive
film, manufacture can be facilitated, thereby homogenizing
an electric field of each pixel.

[0050] In the liquid crystal display apparatus according to
the third aspect of the present invention, the common
electrode is constituted of: the transparent electroconductive
film which is formed to correspond to the pixel electrode
through the insulating film on the liquid crystal layer side
apart from the pixel electrode and in which the plurality of
edge portions aligned in parallel with each other at intervals
in a region corresponding to each pixel are formed; and the
metal electroconductive film which is formed along both the
scanning line extending in the row direction between the
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pixels adjacent to each other and the signal line extending in
the column direction between the same to cover the scanning
line and the signal line in a part excluding the region
corresponding to the thin film transistor. Furthermore, an
electric field which controls an alignment direction of the
liquid crystal molecules in a plane substantially parallel with
the substrate surface is generated between the common
electrode and the pixel electrode. Therefore, an electric field
which is generated in a peripheral part of the pixel electrode
other than a part between the pixel electrode and the
common electrode is blocked off with respect to the liquid
crystal layer. As a result, light leak can be avoided without
disorder of alignment in the pixel peripheral portion, thereby
effecting bright display having high contrast and a high
numerical apertures. Moreover, since the metal electrocon-
ductive film is formed on the common electrode along both
the scanning line and the signal line, an electrical resistance
of the common electrode can be reduced, and a uniform
electrode can be applied to each pixel. Additionally, the
metal electroconductive film is formed on the part excluding
the region corresponding to the thin film transistor, and the
light shielding film is formed on the inner surface of the
other substrate in the region corresponding to the thin film
transistor. Therefore, a stray capacity generated between this
thin film transistor and the common electrode can be
reduced so that a load applied to a driver of this liquid crystal
display apparatus can be decreased.

[0051] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0052] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0053] FIG. 1 is a plan view showing a part of a liquid
crystal display apparatus according to a first embodiment of
the present invention;

[0054] FIG. 2 is a cross-sectional view taken along a line
II-IT in FIG. 1;

[0055] FIG. 3 is a cross-sectional view taken along a line
III-111 in FIG. 1;

[0056] FIG. 4 is a cross-sectional view taken along a line
IV-IV in FIG. 1;

[0057] FIG. 5 is a plan view showing a part of a liquid
crystal display apparatus according to a second embodiment
of the present invention;

[0058] FIG. 6 is a cross-sectional view taken along a line
VI-VI in FIG. 5;

[0059] FIG. 7 is a plan view showing a part of a liquid
crystal display apparatus according to a third embodiment of
the present invention;
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[0060] FIG. 8 is a cross-sectional view taken along a line
VIII-VII in FIG. 7,

[0061] FIG. 9 is a cross-sectional view taken along a line
IX-IX in FIG. 7,

[0062] FIG. 10 is a plan view showing a part of a liquid
crystal display apparatus according to a fourth embodiment
of the present invention;

[0063] FIG. 11 is a cross-sectional view taken along a line
XI-XI in FIG. 10;

[0064] FIG. 12 is a plan view showing a part of a liquid
crystal display apparatus according to a fifth embodiment of
the present invention; and

[0065] FIG. 13 is a cross-sectional view showing a part of
a liquid crystal display apparatus according to a sixth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIRST EMBODIMENT

[0066] FIGS.1 to 4 show a first embodiment of the present
invention, in which FIG. 1 is a plan view showing a part of
a liquid crystal display apparatus, FIG. 2 is a cross-sectional
view taken along a line II-II in FIG. 1, FIG. 3 is a cross-
sectional view taken along a line III-1IT in FIG. 1 and FIG.
4 is a cross-sectional view taken along a line IV-IV in FIG.
1.

[0067] This liquid crystal display apparatus is an active
matrix liquid crystal display apparatus, and a liquid crystal
layer 3 in which liquid crystal molecules are aligned in
substantially parallel with surfaces of a pair of transparent
substrates 1 and 2 facing each other with a gap therebetween
with long axes being aligned in one direction is disposed
between the substrates 1 and 2 as shown in FIGS. 1 to 4. On
one of opposed inner surfaces of the pair of substrates 1 and
2, ie., an inner surface of the one substrate, e.g., the
substrate 2 on the opposite side of a display observation side
(an upper side in FIGS. 2 and 3), there are provided follow
members. A plurality of transparent pixel electrodes 4 which
are arranged in a row direction (a lateral direction in FIG. 1)
and a column direction (a vertical direction in FIG. 1). A
plurality of thin film transistors (which will be referred to as
TFTs hereinafter) 5 are respectively connected with these
pixel electrodes 4. A plurality of scanning lines 12 are
respectively formed along one side of each pixel electrode
row and supply gate signals to the TFTs 5 in the respective
rows. A plurality of signal lines 13 are respectively formed
along one side of each pixel electrode column and supply
data signals to the TFTs 5 in the respective columns. Finally,
a transparent common electrode 15 is superimposed on the
liquid crystal layer 3 side of the plurality of pixel electrodes
4 to cover the pixel electrodes 4 through an insulating film
14, at least one edge portion 15d being formed in accordance
with a region corresponding to the pixel electrode 4. The
common electrode 15 generates an electric field between the
pixel electrode 4 and the edge portion 154. The electric field
controls an alignment direction of the liquid crystal mol-
ecules of the liquid crystal layer 3 in a place substantially
parallel with the surfaces of the substrates 1 and 2.

[0068] Respective rim portions of the pair of substrates 1
and 2 are bonded through a non-illustrated frame-like seal-
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ing material. The liquid crystal layer 3 is formed by sealing
a nematic liquid crystal having a positive dielectric anisot-
ropy in a region surrounded by the sealing material between
the substrates 1 and 2.

[0069] The TFT 5 is constituted as follows, gate electrode
6 is formed on an upper surface of the substrate 2, a
transparent gate insulating film 7 is formed on a substan-
tially entire upper surface of the substrate 2 to cover the gate
electrode 6. An i-type doped semiconductor film 8 is formed
on this gate insulating film 7 to face the gate electrode 6. A
source electrode 10 and a drain electrode 11 are respectively
provided on both side portions of the i-type semiconductor
film 8 with a channel region therebetween through an n-type
semiconductor film 9.

[0070] The plurality of scanning lines 12 are formed on
the upper surface of the substrate 2 to be electrically
connected with the gate electrodes 6 of the TFTs 5, and the
plurality of signal lines 13 are formed on the gate insulating
film 7 to be electrically connected with the drain electrodes
of TFTs 5.

[0071] Each ofthe plurality of pixel electrodes 4 is formed
into a substantially rectangular shape which corresponds to
an entire predetermined pixel region on the gate insulating
film 7 by using a transparent electrocondutive film such as
an ITO film. The source electrode 10 of the TFT 5 corre-
sponding to each pixel electrode 4 is electrically connected
with one corner portion of this pixel electrode 4.

[0072] The transparent interlayer insulating film 14 which
covers the plurality of pixel electrodes 4, TFTs 5, scanning
lines 12 and signal lines 13 is formed on the substantially
entire inner surface side of the substrate 2. The common
electrode 15 is formed on an insulating layer constituted of
the gate insulating film 7 and the interlayer insulating film 14
to cover the pixel electrodes 4.

[0073] The common electrode 15 is formed of one trans-
parent electroconductive film such as an ITO film. This
common electrode is formed to correspond to not only the
upper side of the pixel electrodes 4 but also both a region
between the pixel electrodes 4 adjacent each other with the
scanning line 12 therebetween and a region between the
pixel electrodes 4 adjacent to each other with the signal line
13 therebetween. The common electrode 15 is constituted of
a plurality of elongated partial electrodes (electrode sec-
tions) 15a extending in parallel with each other at intervals
along the column direction at a part corresponding to each
pixel electrode 4. These electrode sections 15a are separated
from each other except both end portions in a lateral
direction (the column direction), by each slit 16 formed
between these sub-electrodes 15a. Each partial electrode
154 has the edge portions 154 extending along each slit 16
on the slit 16 side.

[0074] In this embodiment, the four slits 16 which are
parallel to each other along the column direction are formed
at a part corresponding to each of the plurality of pixel
electrodes 4 of the transparent electroconductive film, and
the three partial electrodes 15a are formed between these
slits.

[0075] A width of each of the plurality of partial elongated
electrodes 154 formed at the part of this common electrode
15 corresponding to each of the pixel electrodes 4 is set to
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be equal to a gap between the partial electrodes 15a adjacent
to each other (a width of the slit 16).

[0076] Both side edge parts of a peripheral portion (an
elongated portion extending in the column direction) 156 of
the common electrode which is positioned in a region
corresponding to a part of the common electrode 15 between
the pixel electrodes 4 adjacent to each other with the signal
line 13 therebetween are formed to have a width to face each
of both peripheral portions of the pixel electrodes 4 adjacent
to each other, as shown in FIG. 2.

[0077] Each of the slits 16 is formed to have a length
substantially equal to a length of the pixel electrode 4 in the
column direction (slightly longer as shown in FIG. 1 in this
embodiment). As shown in FIG. 3, in regard to a width of the
peripheral portion 15¢ of the common electrode (an elon-
gated portion extending in the row direction) between end
portions of the slits 16, which is positioned in a region of the
common electrode 15 corresponding to a part between the
pixel electrodes 4 with the operation line 12 therebetween,
its both side edge parts are formed to have a width over-
lapping both peripheral portions of the pixel electrodes 4
adjacent to each other.

[0078] A terminal arrangement portion which laterally
extends toward the outside of the substrate 1 is formed on
the substrate 2 in an edge portion at one end in at least one
of the row direction and the column direction. The plurality
of scanning lines 12 and signal lines 13 are electrically
connected with a plurality of scanning line terminals and
signal line terminals arranged and formed on the terminal
arrangement portion. The common electrode 15 is electri-
cally connected with a common electrode terminal formed
on the terminal arrangement portion through a lead wiring
line led from one or more positions of an outer rim thereof.

[0079] A plurality of light shielding films 17 which pre-
vent an erroneous operation due to light of the TFTs 5 are
provided on the inner surface of the other substrate 1 to
respectively face the plurality of TFTs 5. Further, color
filters 18R, 18G and 18B having three colors, i.e., red, green
and blue are provided to respectively correspond to each of
pixels (regions where an alignment state of the liquid crystal
molecules is controlled by an electric field generated
between the pixel electrodes 4 and side edges of the respec-
tive partial electrodes 15a of the common electrode 15)
formed of the plurality of pixel electrodes 4 and the common
electrode 15.

[0080] Homogeneous alignment films 19 and 20 are
respectively provided on the inner surface sides of the
substrates 1 and 2 in a region surrounded by the frame-like
sealing material to cover the color filters 18R, 18G and 18B
and the common electrode 15.

[0081] These alignment films 19 and 20 are respectively
subjected to an aligning treatment when oppositely rubbed
along directions obliquely crossing each other at a prede-
termined angle in a range of 5° to 15° with respect to an
elongated direction of each partial electrode 15a of the
common electrode 15. The liquid crystal molecules in the
liquid crystal layer 3, near the alignment films are aligned in
substantially parallel with the surfaces of the substrates 1
and 2 with long axes being aligned in the aligning treatment
direction of the corresponding alignment films 19 and 20.

[0082] Although not shown, this liquid crystal display
apparatus includes a pair of polarizing plates respectively
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arranged on outer side of the pair of substrates 1 and 2. Of
these polarizing plates, one polarizing plate is arranged in
such a manner that its transmission axis becomes substan-
tially parallel with the aligning treatment of the alignment
films 19 and 20, and the other polarizing plate is arranged in
such a manner that its transmission axis becomes substan-
tially perpendicular or parallel with respect to the transmis-
sion axis of said one polarizing plate.

[0083] In this liquid crystal display apparatus, when a
display signal is applied to each of the plurality of pixel
electrodes 4 through each TFT 5, an electric field is gener-
ated between the edge portion of each partial electrode 15a
of the common electrode 15 and the part of the pixel
electrode 4 corresponding to the portion between the partial
electrodes 154, and an alignment direction of the liquid
crystal molecules is controlled by this electric field in a plane
substantially with the surfaces of the substrates 1 and 2,
thereby effecting display.

[0084] In this liquid crystal display apparatus, the com-
mon electrode 15 is superimposed to cover the pixel elec-
trodes 4 through the insulating film (the interlayer insulating
film) 14 on the liquid crystal layer 3 side apart from the pixel
electrodes 4, at least one edge portion 154 is formed in
accordance with each region corresponding to each pixel
electrode 4, and an electric field which controls an alignment
direction of the liquid crystal molecules in a plane substan-
tially parallel with the surfaces of the substrates 1 and 2 is
generated between the pixel electrode 4 and the edge portion
15d. Therefore, an electric filed which is generated in the
peripheral portion of the pixel electrode 4 excluding the part
between the pixel electrode 4 and the common electrode 15
is blocked off with respect to the liquid crystal layer 3. As
a result, light leak can be avoided without disorder of
alignment of the pixel peripheral portion.

[0085] Inthis liquid crystal display apparatus, the plurality
of slits 16 which form the edges 154 facing the pixel
electrode 4 are formed in the common electrode 15 in
accordance with each region corresponding to each of the
plurality of pixel electrodes 4. Thus, an electric field having
a substantially uniform intensity can be generated between
each edge portion 154 of the common electrode 15 and the
pixel electrode 4, thereby displaying a high-quality image.

[0086] Further, in the liquid crystal display apparatus, the
plurality of scanning lines 12 which are formed along the
respective pixel electrode rows and supply the gate signals
to the TFTs 5 in the respective rows and the plurality of
signal lines 13 which are formed along the respective pixel
electrode columns and supply the data signals to the TFTs 5
in the respective columns are provided on the inner surface
of the substrate 2. The common electrode 15 is formed into
a shape extending in the pixel electrode row direction and
the pixel electrode column direction on the insulating layer
(a laminated film formed of the gate insulating film 7
covering the gate electrodes 6 of the TFTs 5 and scanning
lines 12, and the interlayer insulating film 14 covering the
pixel electrodes 4, the TFTs 5 and the signal lines 13)
covering the plurality of pixel electrodes 4, TFTs 5, scanning
lines 12 and signal lines 13 by the region covering both the
region between the pixel electrodes 4 adjacent to each other
with the scanning line 12 therebetween and the region
between the pixel electrodes 4 adjacent to each other with
the signal line 13 therebetween. The part of the common
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electrode 15 corresponding to the pixel electrode 4 is
constituted of the plurality of partial electrodes 154 aligned
in parallel with each other at intervals, and an electric field
which controls an alignment direction of the liquid crystal
molecules is generated between the edge portion 154 of each
partial electrode 154 and the pixel electrode 4. Therefore, an
electric field generated between the scanning and signal
lines 12 and 13 and the edge portion of the pixel electrode
4 can be blocked off by the common electrode 15, and
disorder of alignment of the liquid crystal molecules at the
periphery of each pixel due to this electric field can be
eliminated. Therefore, light leak between the pixels adjacent
to each other can be eliminated, and an image having an
excellent quality can be displayed.

[0087] That is, in this liquid crystal display apparatus, the
common electrode 15 is constituted of the electroconductive
film which is formed to correspond to both the region
between the pixel electrodes 4 adjacent to each other with
the scanning line 12 therebetween and the region between
the pixel electrodes 4 adjacent to each other with the signal
line 13 therebetween. The plurality of slits 16 forming the
plurality of partial electrodes 15a aligned in parallel at
intervals are provided at the parts of the electroconductive
film corresponding to the plurality of pixel electrodes 4.
Therefore, it is possible to block off both an electric field
generated between the scanning line 12 and the edge portion
of the pixel electrode 4 and an electric field generated
between the signal line 13 and the edge portion of the pixel
electrode 4 by the portions 156 and 15¢ of the common
electrode 15 corresponding to the regions between the pixel
electrodes 4 adjacent to each other.

[0088] Accordingly, an electric field generated between
the scanning line 12 and the edge portion of the pixel
electrode 4 and an electric field generated between the signal
line 13 and the edge portion of the pixel electrode 4 do not
affect the liquid crystal layer 3, and alignment-of the liquid
crystal molecules in the regions between the pixels adjacent
to each other is not disordered. Therefore, light leak can be
eliminated in the entire pixel peripheral portion.

[0089] Further, according to this liquid crystal display
apparatus, the common electrode 15 is formed of the elec-
troconductive film having the plurality of slits 16 forming
the plurality of partial electrodes 15a provided at the parts
corresponding to the plurality of pixel electrodes 4. There-
fore, the plurality of partial electrodes 15a corresponding to
the pixel electrode 4 and the portions 1556 and 15¢ corre-
sponding to the regions between the pixel electrodes 4
adjacent to each other in the common electrode 15 can have
a substantially equal potential, and an electric filed having a
substantially uniform intensity can be generated between the
edge portion of each partial electrode 15a of the common
electrode 15 and the part of the pixel electrode 4 corre-
sponding to the part between the partial electrodes 15a,
thereby uniformly controlling the alignment direction of the
liquid crystal molecules in the entire region of the pixels.

[0090] Therefore, in this liquid crystal display apparatus,
there is no light leak in both the part between the adjacent
pixels with the scanning line 12 therebetween and the part
between the adjacent pixels with the signal line 13 therebe-
tween. Therefore, a black mask which blocks off leak light
around each pixel does not have to be provided, and an
aperture ratio can be increased, thereby displaying a bright
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image with high contrast. Furthermore, since the pixel
electrodes 4 are arranged to be closer to the substrate side as
compared with the common electrode 15, a through hole or
the like does not have to be provided to achieve connection
with the source electrode of each TFT 5. Therefore, a
manufacturing process becomes simple, and a reduction in
an aperture ratio due to the through hole does not occur.
Moreover, since the common electrode 15 is formed in a
state where it is electrically connected with the substantially
entire surface of the substrate, a high-quality image can be
displayed with a uniform light transmission factor of each
pixel on the entire region of the pixels.

[0091] Additionally, according to this liquid crystal dis-
play apparatus, since the plurality of pixel electrodes 4 are
formed into shapes corresponding to the predetermined
entire pixel region, the pixel electrodes 4 can have potentials
which are substantially equal on the whole, an electric field
having a further uniform intensity can be generated between
the edge portion of each partial electrode 15a of the common
electrode 15 and the portion of the pixel electrode 4 corre-
sponding to the part between the partial electrodes 154, and
the alignment direction of the liquid crystal molecules can
be further uniformly controlled in the entire region of the
pixels, thereby displaying an image with a higher quality.

SECOND EMBODIMENT

[0092] FIGS. 5 and 6 show a second embodiment of the
present invention, in which FIG. 5 is a plan view showing a
part of a liquid crystal display apparatus and FIG. 6 is a
cross-sectional view taken along a line VI-VI in FIG. 5.

[0093] In the liquid crystal display apparatus according to
this embodiment, a common electrode line 21 constituted of
a metal electroconductive film having a low resistance is
provided at a portion of the common electrode 15 corre-
sponding to a region between the pixel electrodes 4 along an
entire length of this region, and other structures are the same
as those in the first embodiment. Therefore, like reference
numerals denote members equal to those in the first embodi-
ment, thereby eliminating their explanation.

[0094] Each common electrode line 21 is formed on the
interlayer insulating film 14 in parallel with the scanning or
line at a position overlapping the scanning or line to corre-
spond to one of a region between the adjacent pixel elec-
trodes 4 with the scanning line 12 therebetween, and a
region between the adjacent pixel electrodes 4 with the
signal line 13 therebetween. In this embodiment, the com-
mon electrode lines is provided in the region between the
adjacent pixel electrodes 4 with the signal line 13 therebe-
tween. The common electrode lines 21 are connected in
common on the outer side of an arrangement region of the
pixel electrodes 4, and its common connecting portion is
connected with a common electrode terminal formed at a
terminal arrangement portion of the substrate 2.

[0095] Additionally, the common electrode 15 is formed
on the interlayer insulating film 14 to overlap the common
electrode lines 21.

[0096] In this liquid crystal display apparatus according to
this embodiment, each common electrode line 21 formed of
the metal electroconductive film having a low resistance is
provided at the part of the common electrode 15 correspond-
ing to the region between the pixel electrodes 4 along the

Aug. 2, 2007

entire length of this region. Therefore, a potential of the
common electrode 15 of the plurality of pixels arranged in
the row direction and column directions can be substantially
homogenized, thereby displaying an image without lumi-
nance irregularities.

[0097] In this embodiment, each common electrode line
21 is provided at the part of the common electrode 15
corresponding to the region between the pixel electrodes 4
adjacent to each other with the signal line 13 therebetween.
However, the common electrode line 21 may be provided at
a part corresponding to the region between the pixel elec-
trodes 4 adjacent to each other with the scanning line 12
therebetween. Further, the common electrode line 21 may be
provided on the common electrode 15.

[0098] In the first and second embodiments, the common
electrode 15 is formed to correspond to the plurality of pixel
electrodes 4 and both the region between the pixel electrodes
4 adjacent to each other with the scanning line 12 therebe-
tween and the region between the pixel electrodes 4 adjacent
to each other with the signal line 13 therebetween. However,
the common electrode 15 may be formed to correspond to
the plurality of pixel electrodes 4 and one of the region
between the adjacent pixel electrodes 4 with the scanning
line 12 therebetween and the region between the adjacent
pixel electrodes 4 with the signal line 13 therebetween.

[0099] In this case, an electric field generated between at
least one of the scanning line 12 and the signal line 13 and
the edge portion of the pixel electrode 4 can be blocked off
by the common electrode 15 so that disorder of alignment of
the liquid crystal molecules in the region between the
adjacent pixels due to this electric field can be eliminated.
Therefore, light leak between the pixels adjacent to each
other can be eliminated, thereby displaying an image with an
excellent quality.

[0100] When the common electrode 15 is formed to cor-
respond to the plurality of pixel electrodes 4 and one of the
region between the adjacent pixel electrodes 4 with the
scanning line 12 therebetween and the region between the
adjacent pixel electrodes 4 with the signal line 13 therebe-
tween in this manner, it is good enough to form the common
electrode 15 of the electroconductive film which is formed
to correspond to the plurality of pixel electrodes 4 and the
regions between the pixel electrodes 4 in accordance with
each pixel row or each pixel column, the electroconductive
film being constituted of a plurality of partial electrode
segment to which a plurality of slits or comb-like elongated
notch portions forming a plurality of partial electrodes 154
aligned in parallel at intervals are provided at parts corre-
sponding to the plurality of pixel electrodes 4, and a con-
necting portion which connects end portions of these partial
electrodes in common.

THIRD EMBODIMENT

[0101] FIGS. 7, 8 and 9 show a third embodiment of the
present invention, in which FIG. 7 is a plan view showing a
part of a liquid crystal display apparatus, FIG. 8 is a
cross-sectional view taken along a line VIII-VIII in FIG. 7
and FIG. 9 is a cross-sectional view taken along a line IX-IX
in FIG. 7.

[0102] In the liquid crystal display apparatus according to
this embodiment, common electrode lines formed of a metal
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electroconductive film having a low resistance are formed in
a reticular or grid pattern to correspond to both regions each
positioned between adjacent pixel electrodes 4 with the
signal line 13 therebetween and regions each provided
between the adjacent pixel electrodes 4 with the scanning
line 12 therebetween in addition to partial electrodes 15a.
Other structures are the same as those in the second embodi-
ment. Therefore, like reference numerals denote members
equal to those in the second embodiment, thereby eliminat-
ing their explanation.

[0103] In this liquid crystal display apparatus, the com-
mon electrode line 121 constituted of the metal electrocon-
ductive film having a low resistance is formed on the
interlayer insulating film 14. The common electrode line 121
as a grid-like shape includes a column wiring line portion
121a extending in parallel with the signal line 13 at a
position overlapping the signal line 13 a row wiring line
portion 1215 electrically connected to the column wiring
line portion 121a. The lather portion 1215 extends in parallel
with the scanning line 12 at a position overlapping the
scanning line 12 between the adjacent pixel electrodes 4
with the scanning line 12 therebetween. That is, the grids
common electrode line 121 is formed to surround all four
outer sides of the pixel electrodes 4 by the column wiring
line portions 121a and the column wiring line portions 1215.
Furthermore, a part of the row wiring line portion 1215
corresponding to the TFT 5 is widely formed with respect to
the other portion of row wiring line portion 1215, thereby
forming a light shielding portion 121¢ which covers the
upper side of the TFT 5.

[0104] The common electrode 15 is formed to be super-
imposed on the interlayer insulating film 14 and the common
electrode line or grid film 121.

[0105] Also, in this liquid crystal display apparatus, the
common electrode 15 is constituted of a transparent elec-
troconductive film in which a plurality of edge portions 154
aligned in parallel with each other at intervals in a region
corresponding to each pixel are formed, and a metal elec-
troconductive film formed along both the scanning line 12
extending in the row direction between the adjacent pixels
and the signal line 13 extending in the column direction on
the insulating film 14 of the substrate 2.

[0106] According to the liquid crystal display apparatus of
this embodiment, the parts of the common electrode line 121
extending along the scanning line 12 and the signal line 13
are provided at the portion of the common electrode 15
corresponding to the regions between the pixel electrodes 4
adjacent to each other. Therefore, a potential of the common
electrode 15 of the plurality of pixels arranged in the row
and column directions can be substantially homogenized,
thereby displaying an image without luminance irregulari-
ties. Moreover, since the light shielding portion 121c¢ is
formed in the row wiring line portion 1215 formed along the
scanning line 13, the semiconductor layer of the TFT 5 can
be shield against light. Therefore, a light shielding film does
not have to formed on the substrate on the opposed obser-
vation side, thus increasing a numerical apertures.

FOURTH EMBODIMENT

[0107] FIGS. 10 and 11 show a fourth embodiment of the
present invention, in which FIG. 10 is a plan view showing
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a part of a liquid crystal display apparatus, and FIG. 11 is a
cross-sectional view taken along a line XI-XI in FIG. 10.

[0108] In the liquid crystal display apparatus according to
this embodiment, a common electrode line or layer formed
of a metal electroconductive film having a low resistance is
formed in a reticular grid pattern to correspond to both
regions between the adjacent pixel electrodes 4 with the
signal lines 13 therebetween and regions between the adja-
cent pixel electrodes 4 with the scanning lines 12 therebe-
tween except regions corresponding to TFTs 5, and a light
shielding film is formed in regions of the opposed substrate
1 facing the TFTs 5. Other structures are the same as those
in the third embodiment. Therefore, like reference numerals
denote members equal to those in the third embodiment,
thereby eliminating their explanation.

[0109] In this liquid crystal display apparatus, a common
electrode lines 221 formed of the metal electroconductive
film having a low resistance is formed into a shape in which
a column wiring line portion 221a extending in parallel with
the signal line 13 at a position overlapping the signal line 13
is connected with a row wiring line portion 2215 extending
in parallel with the scanning line 12 at a position overlapping
the scanning line 12 to correspond both the region between
the adjacent pixel electrodes 4 with the scanning line 12
therebetween and the region between the adjacent pixel
electrodes 4 with the signal line 13 therebetween on the
interlayer insulating film 14. That is, this common electrode
layer 221 is formed into a reticular pattern which surrounds
all four outer sides of the pixel electrodes 4 by the column
wiring line portions 221a and the row wiring line portions
221b. A wide portion 221¢ is formed in the row wiring line
portion 2215 of the common electrode line 221 formed in
parallel with the scanning lien 12 in a region corresponding
to the TFT 5, and an opening 221d is formed in a part of this
wide portion 221¢ corresponding to the TFT 5.

[0110] A transparent electroconductive film of the com-
mon electrode 15 is formed to be superimposed on the
interlayer insulating film 14 and the common electrode line
22 except the openings 221d of the row wiring line portion
221b. Therefore, the common electrode 15 formed of the
transparent electroconductive film and the metal electrocon-
ductive film is formed in a region excluding the upper side
of each TFT 5.

[0111] A light shielding film 217 is provided in a region
corresponding to each TFT 5, on an inner surface of the
second substrate 1 as an observation side facing the first
substrate 2.

[0112] As described above, in this liquid crystal display
apparatus, the common electrode 15 formed of the transpar-
ent electroconductive film and the metal electroconduction
film, the transparent film being formed to correspond pixel
electrodes 4 on the liquid crystal layer 3 side apart from each
pixel electrodes 4 through the insulating film 14 and in
which a plurality of edge portions aligned in parallel with
each other at intervals in regions corresponding to pixels,
and the metal film being formed along both the scanning
lines 12 extending in the row direction between the pixels
adjacent to each other and the signal lines 13 extending in
the column direction in regions corresponding to the TFTs 5
to cover these scanning lines 12 and signal lines 13. Fur-
thermore, the light shielding film 217 is arranged in the
region corresponding to each TFT 5.



US 2007/0177090 A1l

[0113] According to the liquid crystal display apparatus of
this embodiment, the common electrode line 221 formed of
the metal electroconductive film having a low resistance is
provided at portions of the common electrode 15 corre-
sponding to the regions between the pixel electrodes 4
adjacent to each other along the scanning lines 12 and the
signal lines 13. Therefore, a potential of the common elec-
trode 15 of the plurality of pixels arranged in the row
direction and the column direction can be substantially
homogenized, thereby displaying an image without lumi-
nance irregularities. Moreover, since the common electrode
15 formed of the transparent electroconductive film and the
metal electroconductive film is formed in the regions
excluding the upper sides of TFTs 5, a stray capacity formed
between the common electrode 15 and the TEFTs 5 can be
reduced, and a load applied to a driver of the liquid crystal
display apparatus can be decreased. Additionally, just form-
ing the light shielding film 217 which shields each TFT 5
alone against light on the second substrate 1 can suffice, thus
increasing a aperture ratio of each pixel.

FIFTH EMBODIMENT

[0114] The description has been given as to the example in
which each slit is formed in parallel with the signal line 13
and each partial electrode 15a is provided in parallel with the
signal line 13 in the common electrode 15 in conjunction
with the first to fourth embodiments. However, the liquid
crystal display apparatus according to the present invention
is not restricted thereto, and each slit may be obliquely
formed with respect to the signal line 13 as shown in FIG.
12.

[0115] FIG. 12 shows a liquid crystal display apparatus
according to the fifth embodiment of the present invention,
and it is a plan view showing a planar shape of a common
electrode formed on a first substrate when a structure of the
common electrode according to this embodiment is applied
to the third embodiment. This fifth embodiment is different
from the third embodiment in a shape of the common
electrode alone, and other structures are the same. Therefore,
like reference numerals denote like members, thereby elimi-
nating their explanation.

[0116] As shown in FIG. 12, each slit 116 formed in a
common electrode 115 is formed in a direction obliquely
crossing an aligning treatment direction 20a of an alignment
film 20 to form each edge portion 1154 which crosses in an
oblique state except perpendicular and parallel states a
direction of long axes of liquid crystal molecules aligned by
the alignment film 20 formed on an inner surface of the
substrate 2. That is, in the common electrode 115 according
to this embodiment, the slits 116 forming the plurality of
edge portions 1154 aligned in parallel with each other at
intervals are provided, and these slits are bent in a V-like
shape to form the edge portions which cross in an oblique
state except perpendicular and parallel states the aligning
treatment direction 20q indicated by an arrow of the align-
ment film 20 formed on the inner surface of the substrate 2.

[0117] According to this configuration, when a voltage is
applied between each pixel electrode 4 and the common
electrode 115 with respect to liquid crystal molecules ini-
tially aligned between the pair of substrates, an electric field
in an oblique direction is applied to the liquid crystal
molecules. Therefore, behaviors of the liquid crystal mol-
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ecules can be uniformed, thereby avoiding disorder of
alignment of the liquid crystal molecules in each pixel.

[0118] It is to be noted that the shape of this common
electrode can be applied each of the first to fourth embodi-
ments.

SIXTH EMBODIMENT

[0119] Although each of the plurality of pixel electrodes 4
is formed into a substantially rectangular shape correspond-
ing to a predetermined entire pixel region, in the first to fifth
embodiments, the pixel electrode 4 may be formed into a
comb-like shape corresponding to regions between the plu-
rality of partial electrodes 15a of the common electrode 15.

[0120] The pixel electrode is formed into a comb-like
shape in the sixth embodiment, and FIG. 13 shows an
example in which this pixel electrode configuration is
applied to the liquid crystal display apparatus according to
the third embodiment. The sixth embodiment is different
from the third embodiment in a shape of the pixel electrode
alone, and other structures are the same. Therefore, like
reference numerals denote like members, thereby eliminat-
ing their explanation.

[0121] As shown in FIG. 13, in the pixel electrode con-
figuration according to this embodiment, a plurality of
opening portions 1046 are formed in each pixel electrode
104 to form a plurality of pixel partial electrodes 104a. This
opening portion 1045 has a shape corresponding to a slit 16
formed in the common electrode 15 in a region correspond-
ing to this pixel electrode 104, and it is formed in a region
overlapping the slit 16 of the common electrode 15.

[0122] Further, it is desirable to form both side edges of a
part of this pixel electrode 104 corresponding to a region
between the partial electrodes 104a to have widths respec-
tively facing edge portions of the partial electrodes 15a
adjacent to each other in the common electrode 15.

[0123] Such a shape of the common electrode also, can be
applied to each of the first to fifth embodiments.

[0124] According to this pixel electrode 104, since a total
area overlapping the common electrode 15 is reduced, a
stray capacity generated between the pixel electrode 104 and
the common electrode 15 can be reduced, thereby decreasing
a load applied to a driver of the liquid crystal display
apparatus.

[0125] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general invention concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. A liquid crystal display apparatus comprising:

a pair of substrates arranged to face each other with a gap
therebetween;

a liquid crystal layer which is disposed in the gap between
the pair of substrates with molecular long axes of liquid
crystal molecules being aligned in one direction, in
substantially parallel to substrate surfaces;
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a plurality of thin film transistors which are arranged in a
row direction and a column direction on an inner
surface side of one of the pair of substrates that faces
the other substrate, and to which display signals cor-
responding to display data are supplied;

a plurality of pixel electrodes which are provided on the
inner surface side of said one substrate to be electrically
connected with the thin film transistors, and to which
the display signals are supplied from the thin film
transistors; and

a common electrode which is formed on the inner surface
side of said one substrate between the pixel electrodes
one substrate and the liquid crystal layer to correspond
to the pixel electrode through an insulating film, and
generates an electric filed which controls an alignment
direction of the liquid crystal molecules in a plane
substantially parallel with the substrate surfaces
between itself and the pixel electrode.

2. The liquid crystal display apparatus according to claim

1, wherein at least a part of the common electrode is
superimposed on the pixel electrode, and at least one edge
portion which defines each pixel in accordance with each
region corresponding to the pixel electrode is formed in the
common electrode.

3. The liquid crystal display apparatus according to claim

1, wherein in the common electrode are formed an edge
portion which defines each pixel in accordance with each
region corresponding to the pixel electrode and a plurality of
edge portions arranged on an inner side of the pixel region
in order to generate an electric field in a direction substan-
tially parallel with the substrate inner surfaces between the
common electrode and the pixel electrode.

4. The liquid crystal display apparatus according to claim

1, wherein a plurality of scanning lines which are respec-
tively arranged between respective pixel electrode rows
along the row direction and supply scanning signals to the
thin film transistors in the respective rows, and a plurality of
signal lines which are respectively arranged between respec-
tive pixel electrode columns along the column direction and
supply display signals to the thin film transistors in the
respective columns are further provided on the inner surface
side of said one substrate, and

the common electrode is formed into a continuous shape
extending in at least one of the pixel electrode row
direction and column direction on the insulating layer
covering the plurality of pixel electrodes, thin film
transistors, scanning lines and signal lines by a region
covering at least one of a region between the pixel
electrodes adjacent to each other with the scanning line
therebetween and a region between the pixel electrodes
adjacent to each other with the signal line therebe-
tween, a plurality of partial electrodes aligned in par-
allel with each other at intervals are formed at a part of
the common electrode corresponding to the pixel elec-
trode, and an electric field which controls an alignment
direction of the liquid crystal molecules is generated
between an edge portion of each partial electrode and

the pixel electrode.
5. The liquid crystal display apparatus according to claim
1, wherein the insulating film interposed between the pixel
electrode and the common electrode on said one substrate
includes a flattened film which is formed to cover the pixel
electrodes, the thin film transistor and wiring lines con-
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nected with the transistors and forms the inner surface side
of said one substrate as a flat surface.

6. The liquid crystal display apparatus according to claim
1, wherein a plurality of scanning lines which are respec-
tively arranged between respective pixel electrode rows
along the row direction and supply scanning signals to the
thin film transistors in the respective rows, and a plurality of
signal lines which are respectively arranged between respec-
tive pixel electrode columns along the column direction and
supply display signals to the thin film transistors in the
respective columns are further provided on the inner surface
side of the one substrate, and

the common electrode is formed on the insulating layer
covering the plurality of pixel electrodes, thin film
transistors, scanning lines and signal lines to cover both
a region between the pixel electrodes adjacent to each
other with the scanning line therebetween and a region
between the pixel electrodes adjacent to each other with
the signal line therebetween, a plurality of edge por-
tions aligned in parallel with each other at intervals are
formed in a region of the common electrode corre-
sponding to the pixel electrode, and an electric field
which controls an alignment direction of the liquid
crystal molecules is generated between each of the edge
portions and the pixel electrode.

7. The liquid crystal display apparatus according to claim
6, wherein the common electrode is constituted of a trans-
parent electroconductive film in which a plurality of edge
portions aligned in parallel with each other at intervals in a
region corresponding to each pixel are formed, and of a
metal electroconductive film formed along one of the scan-
ning line extending in the row direction between the pixels
adjacent to each other and the signal line extending in the
column direction between the same on the insulating film of
one substrate.

8. The liquid crystal display apparatus according to claim
6, wherein the common electrode is constituted of a trans-
parent electroconductive film in which a plurality of edge
portions aligned in parallel with each other at intervals in a
region corresponding to each pixel are formed, and of a
metal electroconductive film formed along at least the
scanning line of the scanning line extending in the row
direction between the pixels adjacent to each other and the
signal line extending in the column direction between the
same to cover the scanning line and the thin film transistor
on the insulating film of one substrate.

9. The liquid crystal display apparatus according to claim
6, wherein the common electrode is constituted of a trans-
parent electroconductive film in which a plurality of edge
portions aligned in parallel with each other at intervals in a
region corresponding to each pixel are formed, and of a
metal electroconductive film which is formed along at least
the scanning line of the scanning line extending in the row
direction between the pixels adjacent to each other and the
signal line extending in the column direction between the
same at a part excluding a region corresponding to the thin
film transistor to cover the scanning line on the insulating
film of one substrate.

10. The liquid crystal display apparatus according to
claim 9, further comprising a light shielding film which is
formed on an inner surface side of the other one of the pair
of substrates in a region corresponding to each of the thin
film transistors.



US 2007/0177090 A1l

11. The liquid crystal display apparatus according to claim
6, wherein the common electrode is constituted of a trans-
parent electroconductive film in which a plurality of edge
portions aligned in parallel with each other at intervals in a
region corresponding to each pixel are formed, and of a
metal electroconductive film which is formed along both the
scanning line extending in the row direction between the
pixels adjacent to each other and the signal line -extending
in the column direction between the same on the insulating
film of one substrate.

12. The liquid crystal display apparatus according to
claim 1, wherein the common electrode is formed on a
substantially entire surface on an upper side of the insulating
film covering the plurality of pixel electrodes and the thin
film transistors, a plurality of scanning lines and a plurality
of signal lines, and slits forming a plurality of edge portions
aligned in parallel with each other at intervals in order to
generate an electric field which controls an alignment direc-
tion of the liquid crystal molecules between the common
electrode and the pixel electrode are formed in a region of
the common electrode corresponding to the pixel electrode.

13. The liquid crystal display apparatus according to
claim 12, wherein the slits formed in the common electrode
are extended in a direction obliquely crossing a direction of
aligning treatment of an alignment film to form edge por-
tions crossing in an oblique state except perpendicular and
parallel states a direction of long axes of the liquid crystal
molecules aligned by the alignment film formed on the
surface of one substrate.

14. The liquid crystal display apparatus according to
claim 12, wherein the slits formed in the common electrode
are extended into a bent shape to form edge portions
crossing in an oblique state except perpendicular and par-
allel states the aligning treatment direction of the alignment
film formed on the surface of one substrate.

15. The liquid crystal display apparatus according to
claim 12, wherein each of the pixel electrodes has a shape
corresponding to the slits formed in the common electrode
in the region corresponding to the pixel, and is constituted
of a transparent electroconductive film having opening por-
tions formed in a region overlapping the slits of the common
electrode.

16. The liquid crystal display apparatus according to
claim 1, wherein each of the pixel electrodes is constituted
of one substantially rectangular transparent electroconduc-
tive film having an area corresponding to the pixel.

17. A liquid crystal display apparatus comprising:

first and second substrates arranged to face each other
with a gap therebetween;

a liquid crystal layer which is disposed in the gap between
the pair of substrates with molecular long axes of liquid
crystal molecules being aligned in one direction, in
substantially parallel with substrate surfaces;

a plurality of thin film transistors which are arranged in a
row direction and a column direction on an inner
surface side of the first substrates that faces the second
substrate, and to which display signals corresponding
to display data are supplied;

a plurality of pixel electrodes which are provided on the
inner surface side of the first substrate to be electrically
connected with the thin film transistors, and to which
the display signals are supplied from the thin film
transistors;
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a plurality of signal lines which are respectively arranged
between respective pixel electrode rows along the row
direction on the inner surface side of the first substrate
and which supply scanning signals to the thin film
transistors in the respective rows;

a plurality of signal lines which are respectively arranged
between respective pixel electrode columns along the
column direction on the inner surface side of the first
substrate and which supply display signals to the thin
film transistors in the respective columns; and

a common electrode which is formed on an insulating film
on the inner surface side of the first substrate to
correspond to the pixel electrodes between the pixel
electrodes and the liquid crystal layer, and the common
electrode being constituted of a transparent electrocon-
ductive film in which a plurality of edge portions
aligned in parallel with each other at intervals in a
region corresponding to each pixel are formed, and of
a metal electroconductive film which is formed along at
least the scanning line of the scanning line extending in
the row direction between the pixels adjacent to each
other and the scanning line extending in the column
direction between the same to cover the scanning line
and the thin film transistor, wherein the common elec-
trode generates an electric field which controls an
alignment direction of the liquid crystal molecules in a
plane substantially parallel with the substrate surfaces
between itself and the pixel electrode.

18. The liquid crystal display apparatus according to
claim 17, wherein the common electrode is formed on a
substantially entire surface on an upper side of the insulating
layer covering the plurality of pixel electrodes, thin film
transistors, scanning lines and signal lines, slits forming a
plurality of edge portions aligned in parallel with each other
at intervals to generate an electric field which controls an
alignment direction of the liquid crystal molecules between
the common electrode and the pixel electrode are provided
in a region of the common electrode corresponding to the
pixel electrode, and the common electrode is bent in a V-like
shape to form edge portions crossing in an oblique state
except perpendicular and parallel states a direction of an
aligning treatment of an alignment film formed on a surface
of one substrate.

19. The liquid crystal display apparatus according to
claim 1, wherein each of the pixel electrodes is constituted
of one substantially rectangular transparent electroconduc-
tive film having an area corresponding to the pixel.

20. A liquid crystal display apparatus comprising:

a pair of substrates arranged to face each other with a
predetermined gap therebetween;

a liquid crystal layer which is disposed in the gap between
the pair of substrates with molecular long axes of liquid
crystal molecules being aligned in a predetermined
direction, in substantially parallel with substrate sur-
faces;

a plurality of thin film transistors which are arranged in a
row direction and a column direction on an inner
surface side of one of the pair of substrates that faces
the other substrate, and to which display signals cor-
responding to display data are supplied,

a plurality of pixel electrodes which are provided on the
inner surface side of the one substrate to be electrically
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connected with the tin film transistors, and to which the
display signals are supplied from the thin film transis-
tors;

plurality of scanning lines which are respectively
arranged between respective pixel electrode rows along
the row direction on the inner surface side of the one
substrate and which supply scanning signals to the thin
film transistors in the respective rows;

a plurality of signal lines which are respectively arranged
between respective pixel electrode columns along the
column direction on the inner surface side of the one
substrate and which supply display signals to the thin
film transistors in the respective columns;

a common electrode which is constituted of a transparent

electroconductive film which is formed to correspond
to the pixel electrode on the liquid crystal layer display
side apart from the pixel electrode through an insulat-
ing film, between the pixel electrodes and the liquid
crystal layer, and in which a plurality of edge portions
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aligned in parallel with each other at intervals in a
region corresponding to each pixel are formed, and a
metal electroconductive film which is formed along
both the scanning line extending in the row direction
between pixels adjacent to each other and the signal
line extending in the column direction between the
same at a part excluding a region corresponding to the
thin film transistor to cover the scanning line and the
signal line on the inner surface side of the one substrate,
the common electrode generating an electric field
which controls an alignment direction of the liquid
crystal molecules in a plane substantially parallel with
the substrate surfaces between itself and the pixel
electrode; and

a light shielding film which is formed in a region corre-

sponding to the thin film transistor formed on one
substrate on an inner surface side of the other one of the
pair of substrates.
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