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7) ABSTRACT

The present invention provides a liquid crystal display
device which can enhance a numerical aperture of pixels. A
liquid crystal display device includes pixels which are
arranged close to each other without having a signal line in
a boundary on a substrate, and a counter electrode, an
insulation layer and a pixel electrode which generates an
electric field between the pixel electrode and the counter
electrode which are sequentially stacked in each pixel. The
pixel electrode is constituted of a plurality of electrodes
which are arranged in parallel in a state that the electrodes
are overlapped to the counter electrode and include portions
which are arranged close to the pixel electrode of another
neighboring pixel. A conductive layer is provided between a
boundary portion of the pixels arranged close to each other
and between a layer on which the pixel electrode is formed
and the substrate. Further the conductive layer is electrically
connected with the counter electrode and a height of a
surface of the conductive layer from the substrate is set
higher than a height of a surface of the counter electrode
from the substrate.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The disclosure of Japanese Patent Application No.
2004-123987 filed on Apr. 20, 2004 including the specifi-
cation, drawings and abstract is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device which improves the pixel constitution
thereof.

[0003] A so-called active-matrix-type liquid crystal dis-
play device is configured such that a pair of substrates are
arranged to face each other in an opposed manner with liquid
crystal therebetween, gate signal lines which are arranged in
parallel and drain signal lines which are arranged in parallel
in a state that the respective drain signal lines intersect the
respective gate signal lines are mounted on a liquid-crystal-
side surface of one of the respective substrates, and respec-
tive regions which are surrounded by the gate signal lines
and the drain signal lines constitute the pixel regions.

[0004] That is, the liquid crystal display device is config-
ured such that through a switching element which is turned
on in response to a signal from one gate signal line out of the
signal lines which surround a pixel, a signal from one drain
signal line is supplied to a pixel electrode.

[0005] In view of the above-mentioned constitution, to
focus an attention on two pixels which are arranged close to
each other along the gate signal line, for example, a drain
signal line runs between these gate signal lines (U.S. Pat.
No. 5,760,856 (literature 1)).

[0006] However, to enhance the so-called numerical aper-
ture of the pixel, there has been known the constitution in
which on both sides of a region which is occupied by two
pixels, respective drain signal lines which supply a signal to
the respective pixels are arranged and the drain signal line is
not arranged between the respective pixels (Japanese Patent
Laid-open Hei 09-80472 (literature 2)).

BRIEF SUMMARY OF THE INVENTION

[0007] However, with respect to the pixels having the
above-mentioned constitution, the pixel electrodes are usu-
ally formed on the substrate side on which the respective
signal lines are formed and hence, it is indispensable that the
pixel electrodes of the above-mentioned two pixels have to
be arranged also close to each other.

[0008] In this case, a following phenomenon has been
found out. That is, in the constitution which sequentially
laminates a counter electrode, an insulation film and a pixel
electrode which generate an electric field between the pixel
electrodes, when the counter electrode is formed in a state
that the counter electrode strides over two pixel regions and
substantially covers the whole region of these two pixel
regions, and pixel electrodes of respective pixel regions are
extended in one direction thus forming the pixel electrodes
as a plurality of electrodes which are arranged in the
direction which extends and intersects the above-mentioned
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one direction, a sufficient brightness level difference cannot
be obtained in a boundary portion of the above-mentioned
two pixel regions.

[0009] From the above-phenomenon, it has been also
found out that there exists a limit with respect to the close
arrangement of the above-mentioned pixel electrodes of two
respective pixels and this hampers the acquisition of the
sufficient numerical aperture.

[0010] The invention has been made under such circum-
stances and it is an object of the invention to provide a liquid
crystal display device which can enhance a numerical aper-
ture of pixels.

[0011] To briefly explain the summary of representative
inventions among the inventions disclosed in this specifica-
tion, they are as follows.

[0012] (1)

[0013] A liquid crystal display device according to the
invention is, for example, characterized in that

[0014] the liquid crystal display device includes pix-
els which are arranged close to each other without
having a signal line in a boundary on a substrate,

[0015] in each pixel, a counter electrode, an insula-
tion layer and a pixel electrode which generates an
electric field between the pixel electrode and the
counter electrode are sequentially stacked, and

[0016] the pixel electrode is constituted of a plurality
of electrodes which are arranged in parallel in a state
that the pixel electrodes are overlapped to the
counter electrode and include portions which are
arranged close to the pixel electrode of another pixel
which is arranged close to the pixel,

[0017] a conductive layer is provided in a boundary
portion of the pixels arranged close to each other and
between a layer on which the pixel electrode is
formed and the substrate, and

[0018] the conductive layer is electrically connected
with the counter electrode and a height of a surface
of the conductive layer from the substrate is set
higher than a height of a surface of the counter
electrode from the substrate.

[0019] (2)

[0020] The liquid crystal display device according to the
invention is, for example, on the premise of the constitution
shown in the constitution (1), characterized in that a counter
voltage signal line which is formed in a state that the counter
voltage signal line traverses the respective pixels is formed
over the counter electrode in a state that the counter voltage
signal line is brought into direct contact with the counter
electrode, and the conductive layer is formed of an extend-
ing portion of the counter voltage signal line.

[0021] (3)

[0022] The liquid crystal display device according to the
invention is, for example, on the premise of the constitution
shown in the constitution (1), characterized in that a black
matrix is formed over a liquid-crystal-side surface of another
substrate which is arranged to face the substrate in an
opposed manner with liquid crystal therebetween, wherein



US 2005/0243255 Al

the black matrix is formed in a state that the black matrix
surrounds the respective pixels without defining boundaries
around the respective pixels.

[0023] (4)

[0024] The liquid crystal display device according to the
invention is, for example, on the premise of the constitution
shown in the constitution (1), characterized in that the pixel
electrode of each pixel has a comb-teeth-shaped pattern in
which the pixel electrode includes a plurality of electrodes
which extend in the direction which intersects boundaries of
the respective pixels and are arranged in parallel in the
direction which intersects the direction, and the pixel elec-
trodes are connected with each other on a side opposite to
the boundaries of the respective pixels.

[0025] (5)

[0026] The liquid crystal display device according to the
invention is, for example, on the premise of the constitution
shown in the constitution (1), characterized in that the
counter electrode and the pixel electrode are formed of a
light-transmitting conductive film.

[0027] (6)

[0028] The liquid crystal display device according to the
invention is, for example, on the premise of the constitution
shown in the constitution (1), characterized in that two
pixels which are arranged close to each other are provided
to a region which is surrounded by a pair of drain signal lines
and a pair of gate signal lines.

[0029] (7)

[0030] The liquid crystal display device according to the
invention is, for example, on the premise of the constitution
shown in the constitution (6), characterized in that a counter
voltage signal line is provided between a pair of gate signal
lines and in parallel with the gate signal lines, the counter
voltage signal line is formed over the counter electrode, and
the conductive layer is formed of an extending portion of the
counter voltage signal line.

[0031] (8)

[0032] The liquid crystal display device according to the
invention is, for example, on the premise of the constitution
shown in the constitution (1), characterized in that four
pixels which are arranged close to each other are provided
to a region which is surrounded by a pair of drain signal lines
and a pair of gate signal lines.

[0033] (9)

[0034] The liquid crystal display device according to the
invention is, for example, on the premise of the constitution
shown in the constitution (8), characterized in that a counter
voltage signal line is provided between a pair of gate signal
lines and in parallel with the gate signal lines, the counter
voltage signal line is directly formed over the counter
electrode, four pixels are defined into two groups each
consisting of two pixels, and the conductive layer which is
formed of an extending portion of the counter voltage signal
line is formed in a boundary between two pixels of each
group.

[0035] Here, the invention is not limited to the above-
mentioned constitutions and various modifications can be
made without departing from the technical concept of the
invention.
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[0036] The liquid crystal display device having such a
constitution has no signal line in the boundary between the
pixels arranged close to each other, and each pixel is formed
by sequentially stacking the counter electrode, the insulation
layer and the pixel electrode which generates the electric
field between the pixel electrode and the counter electrode.

[0037] In this case, the pixel electrodes is constituted of
the plurality of electrodes which are arranged in parallel in
an overlapped manner over the counter electrode and hence,
in an attempt to enhance the numerical aperture of the pixel,
it is indispensable that the pixel electrode has a portion close
to the pixel electrode of another pixel arranged close to the
pixel electrode.

[0038] Accordingly, it is unavoidable that the electric field
is generated between the pixel electrode of one pixel and the
pixel electrode of another pixel thus giving rise to a draw-
back that the division of displays of respective pixels
becomes obscure in the boundary between the pixels
arranged close to each other.

[0039] In view of the above, in the invention, the conduc-
tive layer is formed in the boundary portion of the pixels
arranged close to each other and between the layer on which
the pixel electrode is formed and the substrate, the conduc-
tive layer is electrically connected with the counter elec-
trode, and the height of the surface of the conductive layer
from the substrate is set higher than the height of the surface
of the counter electrode from the substrate.

[0040] That is, in the portion of the pixel electrode which
is arranged close to another pixel, a portion where the
electric field is generated in a concentrated manner is formed
of the conductive layer at a portion closer than the counter
electrode of another pixel whereby it is possible to avoid the
generation of the electric field between the pixel electrode
and the counter electrode of another pixel.

[0041] Accordingly, it is possible to make the division of
the pixels in the boundary of the pixels arranged close to
each other clear thus allowing the pixel electrode of one
pixel to be arranged close to the pixel electrode of another
pixel arranged close to the pixel.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0042] FIG. 1 is a plan view showing one embodiment of
the constitution of pixels formed on one-substrate-side of a
liquid crystal display device according to the invention;,

[0043] FIG. 2 is a plan view showing one embodiment of
the constitution of pixels formed on another-substrate-side
of a liquid crystal display device according to the invention;

[0044] FIG. 3 is a cross-sectional view taken along a line
34-3b in FIG. 1;

[0045] FIG. 4 is a cross-sectional view taken along a line
4a-4b in FIG. 1;

[0046] FIG. 5 is a view showing one embodiment of an
equivalent circuit of the liquid crystal display device accord-
ing to the invention,

[0047] FIG. 6 is a view showing signals which drive the
liquid crystal display device according to the invention;
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[0048] FIG. 7 is a plan view showing another embodiment
of the constitution of pixels formed on another-substrate-
side of the liquid crystal display device according to the
invention;

[0049] FIG. 8 is a plan view showing another embodiment
of the constitution of pixels formed on another-substrate-
side of the liquid crystal display device according to the
invention;

[0050] FIG. 9 is a cross-sectional view taken along a line
94-9b in FIG. 7;

[0051] FIG.10 s a cross-sectional view taken along a line
102-10b in FIG. 7,

[0052] FIG. 11 is a view showing another embodiment of
an equivalent circuit of the liquid crystal display device
according to the invention;

[0053] FIG. 12 is a plan view showing another embodi-
ment of the constitution of pixels formed on another-sub-
strate-side of the liquid crystal display device according to
the invention;

[0054] FIG. 13 is a cross-sectional view taken along a line
134-13b in FIG. 12; and

[0055] FIG. 14 is a plan view showing another embodi-
ment of the constitution of pixels formed on another-sub-
strate-side of the liquid crystal display device according to
the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0056] Hereinafter, embodiments of a liquid crystal dis-
play device according to the invention are explained in
conjunction with attached drawings.

[0057] FIG. 5 shows an equivalent circuit which is formed
on a liquid-crystal-side surface of one transparent substrate
SUBI1 out of transparent substrates which are arranged to
face each other with liquid crystal therebetween.

[0058] On the liquid-crystal-side surface of one transpar-
ent substrate SUB1, gate signal lines GL (GL1 to GLend)
which extend in the x direction and are arranged in parallel
in the y direction and drain signal lines DL (DL1 to DLend)
which extend in the y direction and are arranged in parallel
in the x direction are formed.

[0059] In this case, the drain signal lines DL are arranged
at sequentially alternating intervals of a relatively large
distance, a relatively small distance, a relatively large dis-
tance, a relatively small distance . . . from the left side to the
right side in the drawing, for example. A region surrounded
by a pair of drain signal lines DL which are arranged with
a relatively large distance therebetween and the gate signal
lines GL constitutes a pixel region and two pixels are formed
in the pixel region.

[0060] That is, between the pixels which are arranged
close to each other in the x direction in the drawing, there
exists a portion where the drain signal lines DL run and a
portion where the drain signal lines DL do not run. In the
portion where the drain signal lines DL run, except for both
sides, two drain signal lines DL run in a state that two drain
signal lines DL are arranged close to each other and parallel
to each other. Due to such a constitution, to the pixels which

Nov. 3, 2005

are arranged close to each other without having the drain
signal lines DL in the boundary, signals are supplied from
the drain signal lines DL which are arranged on respective
sides opposite to the boundary side.

[0061] Further, in the respective pixel regions, counter
voltage signal lines CL (CL1 to CLend) which run while
traversing a group of pixels which are arranged in parallel in
the x direction in the drawing are formed. The counter
voltage signal lines CL are configured to supply signals to
counter electrodes CT described later which are formed in
the inside of the respective pixels and have both ends thereof
connected in common. This provision is made to decrease
the whole electric resistance of the counter voltage signal
lines CL.

[0062] In the inside of each pixel region, there are pro-
vided two thin film transistors TFT which are turned on in
response to a signal from one gate signal line GL (on a lower
side in the drawing) out of the respective gate signal lines
GL which surround the pixel region. This provision is
adopted since two pixels are formed in the inside of the pixel
region, wherein one thin film transistor TFT is allocated to
the driving of one pixel and another thin film transistor TFT
is allocated to the driving of another pixel.

[0063] In the drawing, the signal (video signal) from the
drain signal lines DL which are arranged on the left side in
the drawing is configured to be supplied to the pixel elec-
trode PX through the thin film transistor TFT which is
arranged on the left side in the drawing. On the other hand,
the signal (video signal) from the drain signal lines DL
which is arranged on the right side in the drawing is
configured to be supplied to the pixel electrode PX through
the thin film transistor TFT which is arranged on the right
side in the drawing.

[0064] These respective pixel electrodes PX are config-
ured to respectively generate an electric field between these
pixel electrodes PX and the counter electrode CT which is
formed in common in the inside of the pixel region, wherein
a voltage signal which becomes the reference with respect to
the above-mentioned video signal is supplied to the counter
electrode CT through the above-mentioned counter voltage
signal lines CL.

[0065] The respective gate signal lines GL are connected
with a scanning circuit (scanning signal drive circuit) V and
signals (scanning signals) are sequentially supplied to the
respective gate signal lines GL from the scanning circuit V.
Further, the respective drain signal lines DL are connected
with a signal circuit (video signal drive circuit) He and
signals (video signals) are supplied from the signal circuit
He in conformity with the supply timing of the above-
mentioned scanning signals.

[0066] These scanning circuit V and the signal circuit He
are respectively controlled by a power source/controller in a
state that the above-mentioned scanning signals and video
signals are generated.

[0067] In the above-mentioned explanation, it is apparent
that in the respective pixels in the liquid crystal display
device of this embodiment, the respective pixels which are
arranged close to each other have portions where the signal
lines (gate signal lines GL, the drain signal lines DL) run and
portions where the signal lines do not run in the boundaries
thereof.
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[0068] FIG. 1 is a view showing two pixel regions which
are arranged in parallel in the x direction among the respec-
tive pixel regions (pixel regions which are surrounded by the
gate signal lines GL and the drain signal lines DL). In this
case, as described above, each pixel region includes two
pixels and hence, the four pixels in total are shown in the
drawing. Since one pixel region has the same constitution as
another pixel region, only the constitution of only one pixel
region is explained in the explanation made hereinafter.

[0069] Here, FIG. 3 is a cross-sectional view taken along
a line 3¢-3b in FIG. 1 and FIG. 4 is a cross-sectional view
taken along a line 4a-4b in FIG. 1.

[0070] First of all, on a surface of the transparent substrate
SUBL, in the pixel regions which are formed in a state that
the pixel regions are surrounded by the gate signal lines GL
and the drain signal lines DL described later, the counter
electrodes CT are formed in center portions except for trivial
peripheral portions. The counter electrode CT is formed of
a light-transmitting conductive layer made of, for example,
ITO (Indium Tin Oxide), ITZO (Indium Tin Zinc Oxide),
IZO (Indium Zinc Oxide), SnO (tin oxide) or In,O5(indium
oxide). This provision is made to enhance a so-called
numerical aperture of the pixels.

[0071] Further, the gate signal lines GL are formed in a
state that the gate signal lines GL extend in the x direction
and are arranged in parallel in the y direction in the drawing.
Further, at the substantially center of the gate signal lines GL
which are arranged close to each other, the counter voltage
signal line CL is formed in parallel to the gate signal lines
GL. These gate signal lines GL and the counter voltage
signal lines CL are, for example, formed in the same step and
hence, these signal lines GL, CL are formed of the same
material layer.

[0072] The counter voltage signal line CL is formed in a
state that the counter voltage signal line CL is directly
stacked on the counter electrodes CT and hence, the respec-
tive counter electrodes CT can establish the electrical con-
nection with the counter voltage signal lines CL.

[0073] Here, the counter voltage signal line CL includes
extremely fine extending portions which extend upwardly
and downwardly in the y direction in the drawing from a
center portion of the pixel region and these extending
portions are formed to define two pixels which are formed
in the inside of the pixel region. In other words, the
extending portions are formed in the boundary of two pixels
which are formed in a state that two pixels are sandwiched
by the gate signal lines GL and the counter voltage signal
line CL. A function of conductive layers CD which consti-
tute the extending portions is described later. The conductive
layers CD are formed integrally with the counter voltage
signal line CL in the same step. Since a function of the
portions of the counter voltage signal line CL. which are
arranged parallel to the drain signal lines DL is made
different from the function of the counter voltage signal line
CL, the portions are named as the conductive layer CD for
the convenience’s sake.

[0074] On the surface on which the counter voltage signal
line CL is formed, an insulation film GI is formed in a state
that the insulation film GI also covers the counter voltage
signal line CL. The insulation film functions as a gate
insulation film in a region where the thin film transistor TFT
described later is formed.
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[0075] Further, on an upper surface of the insulation film,
amorphous semiconductor layers AS are formed in a state
that the semiconductor layers AS are overlapped to the gate
signal line GL. Two separate semiconductor layers AS are
respectively formed on left and right sides of the pixel
region. This provision is made to form the thin film tran-
sistors TFT (TFTL, TFT2) in the respective portions.

[0076] In these thin film transistors TFT, by forming a
drain electrode SD1 and a source electrode SD2 on each
semiconductor layer AS, an MIS (Metal Insulator Semicon-
ductor) transistor having the so-called inverse staggered
structure is formed. Here, the drain electrode SD1 and the
source electrode SD2 are respectively formed simulta-
neously at the time of forming the drain signal lines DL.

[0077] That is, the drain signal lines DL which extend in
the y direction and are arranged in parallel in the x direction
in the drawing are formed. The arrangement of these drain
signal lines DL is as set forth above, wherein two pixels are
sandwiched by the drain signal line DL and another drain
signal line DL which supply signals to the respective pixels.

[0078] In this case, the constitution of the thin film tran-
sistor TFT and the pixel electrode PX in one pixel is
arranged in the axial symmetry with those of another pixel
with respect to the boundary between these pixels and hence,
the thin film transistor TFT and the pixel electrode PX in one
pixel side are explained hereinafter.

[0079] In one pixel, a portion of the drain signal line DL
which is arranged close to one pixel is extended and the
extending portion is formed on an upper surface of the
semiconductor layer AS thus forming the above-mentioned
drain electrode SD1. Further, the above-mentioned source
electrode SD2 which is arranged to face the drain electrode
SD1 in an opposed manner is formed on an upper surface of
the semiconductor layer AS, wherein the source electrode
SD2 is slightly extended to the pixel side thus forming a
contact portion which is connected with the pixel electrode
PX described later.

[0080] On the surface on which the drain signal lines DL,
the drain electrodes SD1 and the source electrodes SD2 are
formed, a protective film PAS is formed in a state that the
protective film PAS also covers these components. The
protective film PAS is configured to avoid the direct contact
of the above-mentioned thin film transistors TFT with the
liquid crystal thus preventing the deterioration of properties
of the thin film transistors TFT.

[0081] Then, the pixel electrodes PX are formed on an
upper surface of the protective film. The pixel electrodes PX
are formed of the light-transmitting conductive layer made
of, for example, ITO (Indium Tin Oxide), ITZO (Indium Tin
Zinc Oxide), IZO (Indium Zinc Oxide), SnO,(tin oxide),
In O (indium oxide) or the like. This provision is made to
enhance a so-called numerical aperture.

[0082] Further, portions of the pixel electrodes PX are
connected with the contact portions of the source electrodes
SD2 of the above-mentioned thin film transistors TFT
through contact holes CN which are preliminarily formed in
the above-mentioned protective film PAS.

[0083] The pixel electrode PX is constituted of a group
consisting of a plurality of electrodes which are arranged in
parallel along the y direction in the drawing, wherein these
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respective electrodes are connected with each other on sides
thereof along the drain signal line DL which supplies the
video signals to the thin film transistors TFT which are
connected to the electrodes thus forming a comb-teeth-
shaped pattern.

[0084] Further, the respective end portions of the respec-
tive electrodes of the pixel electrode PX on a side opposite
to the side where the respective electrodes of the pixel
electrode PX are connected with each other are extended
close to the boundary portion between the pixel and the
neighboring pixel whereby the respective end portions are
formed close to the above-mentioned conductive layers CD
which constitute the extending portions of the counter
voltage signal line CL.

[0085] The close extension of the pixel electrode PX of the
pixel to another neighboring pixel side can be realized by the
presence of the above-mentioned conductive layers CD.

[0086] That is, assuming a case in which the conductive
layers CD are not formed, when the pixel electrode PX of the
pixel is extended close to another neighboring pixel side, it
is difficult to avoid the generation of an electric field
between the pixel electrode PX and the counter electrode CT
of another pixel thus giving rise to a drawback that the
division of the displays of respective pixels becomes indefi-
nite in the boundary between the neighboring pixels.
Accordingly, when the above-mentioned conductive layers
CD are not present, the arrangement of the pixel electrode
PX to the neighboring another pixel side is restricted and
hence, it is difficult to deny that the enhancement of the
numerical aperture of the pixel is limited.

[0087] Accordingly, the above-mentioned conductive lay-
ers CD are provided as described above, wherein the con-
ductive layers CD are electrically connected with the
counter electrode CT and, at the same time, a height of a
surface of the conductive layers CD from the substrate
SUBI is set higher than a height of a surface of the counter
electrode CT from the substrate SUB1. Using lines of
electric forces Ex shown in FIG. 3, a state that the electric
fields are concentrated is expressed.

[0088] That is, with respect to the portions of the pixel
electrode PX which are arranged close to another pixel, a
portion where the electric fields are generated in a concen-
trated manner is formed by the conductive layers CD at
portions which are distantly closer than the counter electrode
CT of another pixel so as to avoid the generation of the
electric field between the pixel electrode PX and the counter
electrode CT of another pixel.

[0089] Accordingly, it is possible to make the division of
the display of the respective pixels clear in the boundary of
the neighboring pixels and hence, the pixel electrode PX can
be arranged close to the pixel electrode PX of the neigh-
boring another pixel whereby the numerical aperture of the
pixel can be enhanced.

[0090] Here, the respective electrodes of the pixel elec-
trode PX are extended with an inclination with respect to the
x direction in the drawing, wherein the inclination has, in the
pixel region which is surrounded by the drain signal lines
DL, respective different gradients with the axially symmetri-
cal relationship with respect to the counter voltage signal
line CL and the conductive layers CD which constitute the
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extending portions of the counter voltage signal line CL.
This provision is provided for obtaining a so-called multi-
domain effect.

[0091] Further, on a surface on which these pixel elec-
trodes PX are formed, an orientation film OIL1 is formed in
a state that the orientation film OIL1 also covers the pixel
electrodes PX. The orientation film OIL1 is configured to be
directly brought into contact with the liquid crystal LC and
decides the initial orientation of molecules of the liquid
crystal LC.

[0092] Here, on a liquid-crystal-side surface of the trans-
parent substrate SUB2 which is arranged to face the trans-
parent substrate SUB1 with the liquid crystal therebetween,
black matrixes BM are formed. The black matrix BM is
formed in a state that the black matrix BM forms two pixels
surrounded by the drain signal line DL into one unit and
defines them from another neighboring pixel region. In other
words, two pixels which are arranged close to each other can
be observed through an opening portion (one aperture por-
tion) of the black matrix BM with naked eyes and the
boundary between two pixels is not defined by the black
matrix BM. The opening portion of the above-mentioned
black matrix BM is described in an overlapped manner in
FIG. 1 and is indicated by a bold chain line.

[0093] Further, color filters FIL are formed over the open-
ing portion of the black matrix BM in a state that the color
filters FIL also cover the black matrix BM. The color filters
FIL are formed in a state that the color filters FIL differ in
color at left and right sides of the boundary portion of the
above-mentioned two pixels.

[0094] FIG. 2 shows four pixels which are arranged in
parallel in the x direction, wherein two pixels on the left side
in the drawing and two pixels on the right side in the drawing
can be observed with naked eyes through the respective
opening portions formed in the black matrix BM. Further,
corresponding to the respective pixels, the color filters FIL
of red (R), green (G), blue (B) and red (R) are formed in
order from the left-side pixel in the drawing.

[0095] In this case, although it is preferable that the
respective color filters FIL which differ in color from each
other in two pixels surrounded by the drain signal lines DL
are formed in a state that the color filters FIL are not
overlapped to each other, it is unavoidable that the color
filters FIL are formed with a slight overlapping. However,
even in such a case, since the color filters FIL are arranged
in the inside of a portion which faces the above-mentioned
conductive layer CD which constitutes the extending portion
of the counter voltage signal line CL, the light shielding is
achieved whereby the drawback can be obviated.

[0096] On a surface on which the color filters FIL are
formed, a leveling film OC is formed and an orientation film
ORI2 is formed on an upper surface of the leveling film OC.

[0097] FIG. 6 is a view showing respective signals at the
time of driving the liquid crystal display device having the
above-mentioned constitution. In an upper-side view of
FIG. 6, an ON signal Vgl (GL) and an OFF signal Vgh (GL)
of the scanning signal supplied to the gate signal line GL and
a “High” signal Vdh and “Low” signal Vdl of the video
signal supplied to the drain signal lines DL (having a voltage
difference depending on gray scales in an actual operation)
are shown. Further, in a lower-side view of FIG. 6, a pixel
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voltage Vpx (PX) applied to the pixel electrode PX is shown.
Here, in the drawing, Vcom (CL) indicates a counter voltage
supplied to the counter electrode CT.

Embodiment 2

[0098] In the above-mentioned embodiment, there is
described the constitution in which two pixels are arranged
in the pixel region which is surrounded by the gate signal
lines GL and the drain signal lines DL. In the embodiment
described hereinafter, the constitution which arranges four
pixels in the pixel region is described.

[0099] That is, FIG. 11 is an equivalent circuit diagram
showing another embodiment of the liquid crystal display

device according to the invention and correspondence to
FIG. 5.

[0100] The constitution which makes this embodiment 2
different from the embodiment shown in FIG. 5 lies in, first
of all, gate signal lines GL (GL1 to GLend), wherein these
gate signal lines GL are arranged from an upper side to a
lower side in the drawing in order of a relatively large
distance, a relatively small distance, a relatively large dis-
tance, a relatively small distance, . . . , for example.

[0101] On the other hand, the respective drain signal lines
DL (DLI1 to DLend) are arranged at intervals, in the same
manner as the embodiment shown in FIG. 5, in order of a
relatively large distance, a relatively small distance, a rela-
tively large distance, a relatively small distance, . . . from the
left side to the right side in the drawing, for example.
Accordingly, in a region having a relatively large area which
is surrounded by a pair of neighboring gate signal lines GL
and a pair of drain signal lines DL, four pixels can be
provided.

[0102] FIG. 7 is a plan view showing one embodiment of
four pixels which are arranged close to each other and
corresponds to FIG. 1. Here, FIG. 9 is a cross-sectional
view taken along a line 92-9b in FIG. 7 and FIG. 10 is a
cross-sectional view taken along a line 10a-10b in FIG. 7.

[0103] As can be clearly understood from FIG. 9 and
FIG. 10, in the same manner as the embodiment 1, this
embodiment adopts the layer structure in which, from a
surface side of a transparent substrate SUBL, counter elec-
trodes CT, gate signal lines GL and counter voltage signal
lines CL, an insulation film GI, drain signal lines DL, drain
electrodes SD1 and source electrodes SD2, a protective film
PAS, pixel electrodes PX and an orientation film POLL are
sequentially formed.

[0104] In view of the above-mentioned constitution, the
layers having the above-mentioned respective functions
have portions thereof formed with planer patterns different
from each other.

[0105] InFIG.7,in a pixel region which is surrounded by
a pair of gate signal lines GL and a pair of drain signal lines
DL, respective pixels are formed at a left upper portion, a
left lower portion, a right upper portion and a right lower
portion respectively.

[0106] The left-upper pixel is configured to be driven in
response to a signal supplied from the left-side drain signal
line DL by way of a thin film transistor TFT4 which is
formed on a left side above the upper-side gate signal line
GL and is driven by the gate signal line GL. The left-lower
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pixel is configured to be driven in response to a signal
supplied from the left-side drain signal line DL by way of a
thin film transistor TFT1 which is formed on a left side
above the lower-side gate signal line GL and is driven by the
gate signal line GL. The right-upper pixel is configured to be
driven in response to a signal supplied from the right-side
drain signal line DL by way of a thin film transistor TFT3
which is formed on a right side above the upper-side gate
signal line GL and is driven by the gate signal line GL.
Further, the right-lower pixel is configured to be driven in
response to a signal supplied from the right-side drain signal
line DL by way of a thin film transistor TFT2 which is
formed on a right side above the lower-side gate signal line
GL and is driven by the gate signal line GL.

[0107] The counter electrode CT is formed in the pixel
region surrounded by the pair of gate signal lines GL and the
pair of drain signal line DL except for a trivial peripheral
portion of the pixel region.

[0108] The counter voltage signal line CL which runs at
the center of the pixel region in the x direction is formed,
wherein the counter voltage signal line CL is directly formed
on the counter electrode CT thus establishing the electrical
connection with the counter electrode CT. Here, the counter
voltage signal line CL is formed in a state that the counter
voltage signal line CL extends over the pixel region which
is arranged close to the pixel region in the x direction and is
connected with the counter electrodes CT of these pixel
regions in the same manner as the embodiment 1.

[0109] Further, the counter voltage signal line CL
includes, in the same manner as the embodiment 1, conduc-
tive layers CD formed of extremely fine extending portions
which extend upwardly and downwardly in the y direction
in the drawing from the center of the pixel region. The
conductive layers CD are arranged to divide the left-upper
pixel and the right-upper pixel as well as the left-lower pixel
and the right-lower pixel in the drawing respectively.

[0110] As described in the explanation of the embodiment
1, a height of the surface of the conductive layer CD from
the transparent substrate SUB1 is set higher than the height
of the surface of the counter electrode CT from the trans-
parent substrate SUB1. Accordingly, it is possible to obviate
adrawback which is caused by forming a portion of the pixel
electrode PX which is formed on a surface of the protective
film PAS close to the conductive layers CD.

[0111] Due to such a provision, it is possible to arrange the
left and right pixel electrodes PX close to each other using
the above-mentioned conductive layers CD as a boundary
thus enhancing the numerical aperture of the pixel.

[0112] The pixel electrodes PX formed on the protective
film PAS are formed in an electrically separated manner
from each other in four respective pixels and are connected
with the thin film transistors TFT of the pixels.

[0113] The pixel electrode PX of one pixel is formed of a
group of electrodes constituted of a plurality of electrodes
which extend in the x direction and are arranged in parallel
in the y direction in the drawing, wherein these electrodes
form a comb-teeth-shaped pattern in which end portions of
the respective electrodes which are arranged on a side of the
drain signal line DL which supplies the video signal to the
thin film transistors TFT are connected in common.
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[0114] Further, the end portions of the respective elec-
trodes on a side opposite to the side where the respective
electrodes are connected in common are extended to a
position where the end portions are arranged close to the
conductive layers CD which are formed of the extending
portions extended in the y direction in the drawing from the
counter voltage signal line CL whereby an area occupied by
the pixel can be effectively expanded.

[0115] Further, the respective electrodes of the pixel elec-
trode PX are formed with a slight inclination with respect to
the gate signal line GL, while the respective electrodes of the
pixel electrode PX of another pixel are configured to have
the inclination which respectively differ from the inclination
of the respective electrodes of the pixel electrode PX of the
pixel to establish the axially symmetrical relationship with
respect to the counter voltage signal line CL or the conduc-
tive layers CD which constitute the extending portions of the
counter voltage signal line CL. This provision is made to
obtain a sufficient so-called multi-domain effect.

[0116] Here, the counter voltage signal line CL is, in this
embodiment, arranged to run at the center of the pixel region
(the region surrounded by the pair of gate signal lines GL
and the pair of drain signal lines DL) and hence, the counter
voltage signal line CL performs the substantially equal
function as the conductive layers CD which constitute the
extending portions of the counter voltage signal line CL. The
counter voltage signal line CL also has a function of defining
two pixels which are arranged on one side out of both sides
and two pixels which are arranged on another side out of
both sides.

[0117] However, the counter voltage signal line CL is not
always formed for the purpose of defining the pixels. That is,
as another embodiment, the counter voltage signal line CL
may be arranged close to one-gate-signal-line GL side.

[0118] In this case, four pixels are formed in the inside of
the region which is defined by the pair of drain signal lines
DL, one gate signal line GL and the counter voltage signal
line CL and hence, four pixels are arranged without being
defined by the counter voltage signal line CL.

[0119] Further, when the counter voltage signal line CL is
arranged close to one-gate-signal-line GL side, to decrease
the distance between the pixel electrode PX of the left-upper
pixel and the pixel electrode PX of the left-lower pixel in the
drawing and, at the same time, to decrease the distance
between the pixel electrode PX of the right-upper pixel and
the pixel electrode PX of the right-lower pixel in the
drawing, the conductive layers CD are provided in bound-
aries between them and also between the layer on which the
respective pixel electrodes PX are formed and the transpar-
ent substrate SUB1 (as a result, the conductive layers CD
being formed in a cruciform pattern), the conductive layers
CD are electrically connected with the counter electrodes
CT, and the height of the surface of the conductive layers CD
from the transparent substrate SUBI is set higher than the
height of the surface of the counter electrode CT from the
transparent substrate SUB1. The conductive layers CD may
be specifically constituted as the extending portions of the
counter voltage signal line CL (the counter voltage signal
line CL which is arranged close to one gate signal line CL)
and may be constituted in a state that the conductive layers
CD are physically separated from the counter voltage signal
lines CL.
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[0120] FIG. 8 s a plan view in which the black matrix BM
and color filters FIL which are formed on the transparent
substrate SUB2 side are depicted by overlapping these
components with the pixel in the pixel constitution shown in
FIG. 7.

[0121] From one opening of the black matrix BM, four
pixels which are surrounded by the pair of drain signal lines
DL and the pair of gate signal lines GL are exposed. Further,
the color filters FIL have the common color among the
pixels which are arranged in parallel in the y direction in the
drawing and are sequentially arranged in the left side to the
right side in the drawing in the x direction in which colors
are allocated to the respective pixels in order of red (R),
green (G), blue (B), red (R), . . .

[0122] In any one of the above-mentioned embodiments,
the unit pixel of the color display is constituted of three
pixels and the color filters FIL of the respective pixels are set
to red (R), green (G) and blue (B).

[0123] However, it is needless to say that the unit pixel of
the color display is constituted of four pixels and the color
filters FIL of the respective pixels may be configured to
include a filter which is not provided with color (referred to
as a white (W) color filter FIL for the sake of conveniences
in this embodiment) besides the above-mentioned color
filters.

[0124] FIG. 12 corresponds to FIG. 2. In FIG. 12, to four
pixels which are arranged in parallel in the x direction in the
drawing, that is, to the respective pixels which are arranged
close to each other in the x direction and are exposed from
the opening formed in the black matrix, the respective color
filters FIL of red (R), green (G), blue (B) and white (W) are
overlapped from the left side to the right side in the drawing,
for example.

[0125] FIG.13 is a cross-sectional view taken along a line
134-13b in FIG. 12. From the drawing, it is apparent that on
a liquid-crystal-side surface of the transparent substrate
SUB2 and, at the same time, at a portion where the above-
mentioned white (W) color filter FIL is formed on the
surface on which the respective color filters FIL of red (R),
green (G), blue (B) are formed, the color filter FIL is not
formed.

[0126] Further, FIG. 14 corresponds to FIG. 8. In FIG.
14, the respective color filters FIL of red (R), green (G), blue
(B) and white (W) are allocated to four respective pixels
which are exposed from one opening formed in the black
matrix BM.

[0127] In this case, these respective pixels constitute the
unit pixel for color display and are arranged close to each
other without being defined by the black matrix BM
whereby it is possible to obtain an advantageous effect that
the color mixing in the unit pixel can be reliably prevented.

[0128] Here, in the above-mentioned respective embodi-
ments, the counter voltage signal line CL and the conductive
layers CD which constitute the extending portions of the
counter voltage signal line CL are overlapped to the counter
electrode CT. However, it is needless to say that the counter
electrode CT may be formed at the portions where the
conductive layers CD are formed in a physically separated
manner.
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[0129] In this case, although the conductive layers CD are
not formed on the counter electrode CT, by forming the
conductive layers CD such that the height of the surfaces of
the conductive layers CD from the surface of the transparent
substrate SUBI is set larger than the height of the surface of
the counter electrode CT from the surface of the transparent
substrate SUBI, it is possible to obtain the advantageous
effects of the invention.

[0130] Further, in the above-mentioned respective
embodiments, the counter voltage signal line CL and the
conductive layers CD which constitute the extending por-
tions of the counter voltage signal lines CL are directly
overlapped to the counter electrode CT. However, it is
needless to say that an insulation film may be interposed
between the counter electrode CT and the counter voltage
signal line CL and the conductive layers CD which consti-
tute the extending portions of the counter voltage signal line
CL. This is because that the height of the surfaces of the
conductive layers CD from the surface of the transparent
substrate SUB1 is set larger than the height of the surface of
the counter electrode CT from the surface of the transparent
substrate SUB1 and hence, the advantageous effects of the
invention can be obtained in the same manner.

[0131] The above-mentioned respective embodiments can
be used independently from each other or in combination.
This is because that the advantageous effects of the respec-
tive embodiments can be obtained independently or syner-
gistically.

1. A liquid crystal display device comprising:

pixels which are arranged close to each other without
having a signal line in a boundary on a substrate, and

a counter electrode, an insulation layer and a pixel elec-
trode which generates an electric field between the
pixel electrode and the counter electrode which are
sequentially stacked in each pixel, wherein

the pixel electrode is constituted of a plurality of elec-
trodes which are arranged in parallel in a state that the
pixel electrodes are overlapped to the counter electrode
and include portions which are arranged close to the
pixel electrode of another pixel which is arranged close
to the pixel,

a conductive layer is provided in a boundary portion of the
pixels arranged close to each other and between a layer
on which the pixel electrode is formed and the sub-
strate, and

the conductive layer is electrically connected with the
counter electrode and a height of a surface of the
conductive layer from the substrate is set higher than a
height of a surface of the counter electrode from the
substrate.
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2. A liquid crystal display device according to claim 1,
wherein a counter voltage signal line which is formed in a
state that the counter voltage signal line traverses the respec-
tive pixels is formed over the counter electrode in a state that
the counter voltage signal line is brought into direct contact
with the counter electrode, and the conductive layer is
formed of an extending portion of the counter voltage signal
line.

3. A liquid crystal display device according to claim 1,
wherein a black matrix is formed over a liquid-crystal-side
surface of another substrate which is arranged to face the
substrate in an opposed manner with liquid crystal therebe-
tween, wherein the black matrix is formed in a state that the
black matrix surrounds the respective pixels without defin-
ing boundaries around the respective pixels.

4. A liquid crystal display device according to claim 1,
wherein the pixel electrode of each pixel has a comb-teeth-
shaped pattern in which the pixel electrode includes a
plurality of electrodes which extend in the direction which
intersects boundaries of the respective pixels and are
arranged in parallel in the direction which intersects the
direction, and the pixel electrodes are connected with each
other on a side opposite to the boundaries of the respective
pixels.

5. A liquid crystal display device according to claim 1,
wherein the counter electrode and the pixel electrode are
formed of a light-transmitting conductive film.

6. A liquid crystal display device according to claim 1,
wherein two pixels which are arranged close to each other
are provided to a region which is surrounded by a pair of
drain signal lines and a pair of gate signal lines.

7. A liquid crystal display device according to claim 6,
wherein a counter voltage signal line is provided between a
pair of gate signal lines and in parallel with the gate signal
lines, the counter voltage signal line is formed over the
counter electrode, and the conductive layer is formed of an
extending portion of the counter voltage signal line.

8. A liquid crystal display device according to claim 1,
wherein four pixels which are arranged close to each other
are provided to a region which is surrounded by a pair of
drain signal lines and a pair of gate signal lines.

9. A liquid crystal display device according to claim 8,
wherein a counter voltage signal line is provided between a
pair of gate signal lines and in parallel with the gate signal
lines, the counter voltage signal line is directly formed over
the counter electrode, four pixels are defined into two groups
each consisting of two pixels, and the conductive layer
which is formed of an extending portion of the counter
voltage signal line is formed in a boundary between two
pixels of each group.
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