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which exhibits the excellent wide viewing angle characteris-
tic and the high-speed responsiveness. A pixel regionincludes
a switching element which is operated in response to a scan-
ning signal from a gate signal line, a pixel electrode to which
a video signal from a drain signal line is supplied through a
switching element, and a counter electrode which generates
an electric field between the counter electrode and the pixel
electrode. The pixel region is constituted of divided respec-
tive regions. In one region, the counter electrode made of a
light-transmitting material which is formed on the center
except for a slight periphery of the region below an insulation
film and the pixel electrode which is constituted of a group of
electrodes which extend in one direction and are arranged in
parallel to each other in the direction which intersects one
direction above the insulation film in a state that the group of
electrodes are overlapped to the counter electrode are formed.
In another region, the counter electrode which is constituted
of a group of electrodes which extend in one direction and are
arranged in parallel to each other in the direction which inter-
sects one direction below the insulation layer and the pixel
electrode which is constituted of a group of electrodes which
extend in one direction and are arranged in parallel in the
direction which intersects one direction above the insulation
film and is arranged alternately with the counter electrode are
formed.
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DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This applicationis a divisionofU.S. application Ser.
No. 10/563,669, filed Jan. 6, 2006, the contents of which are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a display device,
and more particularly to a liquid crystal display device.

BACKGROUND OF THE INVENTION

[0003] Aliquid crystal display device referred to as a lateral
electric field system is configured such that on a pixel region
formed on a liquid-crystal-side surface of one substrate out of
respective substrates which are arranged to face each other
with liquid crystal therebetween, pixel electrodes and counter
electrodes which generate an electric field between the
counter electrodes and the pixel electrodes are formed, and
the liquid crystal is activated due to components of the electric
field substantially parallel to the substrate.

[0004] Further, in applying such a constitution to an active-
matrix-type liquid crystal display device, first of all, on the
liquid-crystal-side surface of the above-mentioned one sub-
strate, respective regions which are surrounded by a plurality
of gate signal lines which are arranged in parallel to each
other and a plurality of drain signal lines which are arranged
in parallel to each other in a state that drain signal lines
intersect the gate signal lines are formed and these regions
constitute the above-mentioned pixel regions.

[0005] Further, each pixel region includes a thin film tran-
sistor which is operated in response to a scanning signal from
the gate signal line, the above-mentioned pixel electrode to
which a video signal is supplied from the drain signal line
through the thin film transistor, and the above-mentioned
counter electrode to which a signal which becomes the refer-
ence with respect to the video signal is supplied.

[0006] Here, the pixel electrode and the counter electrode
are respectively formedin a strip pattern which extends in one
direction, wherein the respective electrodes are formed of two
or more electrodes and these electrodes are usually arranged
alternately. One example of such a constitution is disclosed in
U.S. Pat. No. 6,462,799.

[0007] Further, as a modification of the example, there has
been known the constitution in which one electrode out of the
pixel electrode and the counter electrode is formed in a planar
shape and another electrode is formed in a linear shape, and
another electrode is overlapped to one electrode by way of an
insulation film. One example of the modification is disclosed
in U.S. Pat. No. 6,233,034.

DISCLOSURE OF THE INVENTION

[0008] The liquid crystal display device having such a con-
stitution has a characteristic to allow a viewer to clearly
observe a display from the direction which makes a large
angle with respect to the vertical direction of a display screen,
that is, an excellent characteristic in a wide viewing angle.
However, the improvement of the high-speed responsiveness
has been also requested with respect to the liquid crystal
display device.

[0009] The present invention has been made under such
circumstances and it is an object of the present invention to
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provide a liquid crystal display device which exhibits a wide
viewing angle characteristic and a high-speed responsive-
ness.

[0010] Further, it is another object of the present invention
to provide a display device of a wide viewing angle and a high
quality which includes both of a transmissive region and a
reflective region.

[0011] To briefly explain typical inventions among inven-
tions disclosed in this application, they are as follows.
[0012] (1) A liquid crystal display device is, for example,
characterized in that

[0013] on a liquid-crystal-side surface of one substrate out
of substrates which are arranged to face each other with liquid
crystal therebetween, a region which is surrounded by a plu-
rality of gate signal lines which are arranged in parallel to
each other and a plurality of drain signal lines which are
arranged in parallel to each other in a state that the drain signal
lines intersect the gate signal lines defines a pixel region,
[0014] the pixel region includes a switching element which
is operated in response to a scanning signal from the gate
signal line, a pixel electrode to which a video signal from the
drain signal line is supplied through the switching element,
and a counter electrode which generates an electric field
between the counter electrode and the pixel electrode,
[0015] the pixel region is constituted of divided respective
regions, wherein

[0016] in one region, the counter electrode made of a light-
transmitting material which is formed on the center except for
a slight periphery of the region below an insulation film and
the pixel electrode which is constituted of a group of elec-
trodes which extend in one direction and are arranged in
parallel to each other in the direction which intersects one
direction above the insulation film in a state that the group of
electrodes are overlapped to the counter electrode are formed,
and

[0017] in another region, the counter electrode which is
constituted of a group of electrodes which extend in one
direction and are arranged in parallel to each other in the
direction which intersects one direction below the insulation
layer and the pixel electrode which is constituted ofa group of
electrodes which extend in one direction and are arranged in
parallel in the direction which intersects one direction above
the insulation film and is arranged alternately with the counter
electrode are formed.

[0018] (2) A liquid crystal display device according to the
present invention is, for example, characterized in that
[0019] on a liquid-crystal-side surface of one substrate out
of substrates which are arranged to face each other with liquid
crystal therebetween, a region which is surrounded by a plu-
rality of gate signal lines which are arranged in parallel to
each other and a plurality of drain signal lines which are
arranged in parallel to each other in a state that the drain signal
lines intersect the gate signal lines defines a pixel region,
[0020] the pixel region includes a switching element which
is operated in response to a scanning signal from the gate
signal line, a pixel electrode to which a video signal from the
drain signal line is supplied through the switching element,
and a counter electrode which generates an electric field
between the counter electrode and the pixel electrode,
[0021] the pixel region is constituted of divided respective
regions, wherein

[0022] in one region, the pixel electrode made of a light-
transmitting material which is formed on the center except for
a slight periphery of the region below an insulation film and
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the counter electrode which is constituted of a group of elec-
trodes which extend in one direction and are arranged in
parallel to each other in the direction which intersects one
direction above the insulation film in a state that the group of
electrodes are overlapped to the pixel electrode are formed,
[0023] in another region, the pixel electrode which is con-
stituted of a group of electrodes which extend in one direction
and are arranged in parallel to each other in the direction
which intersects one direction below the insulation film and
the counter electrode which is constituted of a group of elec-
trodes which extend in one direction and are arranged in
parallel in the direction which intersects one direction above
the insulation film and is arranged alternately with the pixel
electrode are formed, and

[0024] each counter electrode in each region is formed ina
state that the counter electrode covers the drain signal line.
[0025] (3) The liquid crystal display device according to the
present invention is, for example, on the premise of the con-
stitution (2), characterized in that the respective insulation
films formed in the respective regions are formed of a sequen-
tially stacked body which is constituted of a protective film
made of an inorganic material and a protective film made of
an organic material, and the respective counter electrodes are
formed of a light transmitting material.

[0026] (4) A liquid crystal display device is, for example,
characterized in that

[0027] on aliquid-crystal-side surface of one substrate out
of substrates which are arranged to face each other with liquid
crystal therebetween, a region which is surrounded by a plu-
rality of gate signal lines which are arranged in parallel to
each other and a plurality of drain signal lines which are
arranged in parallel to each other in a state that the drain signal
lines intersect the gate signal lines defines a pixel region,
[0028] the pixel region includes a switching element which
is operated in response to a scanning signal from the gate
signal line, a pixel electrode to which a video signal from the
drain signal line is supplied through the switching element,
and a counter electrode which generates an electric field
between the counter electrode and the pixel electrode,
[0029] the pixel region is constituted of divided respective
regions, wherein

[0030] inoneregion, the counter electrode which is formed
on the center except for a slight periphery of the region below
an insulation film and also functions as a reflective electrode
and the pixel electrode which is constituted of a group of
electrodes which extend in one direction and are arranged in
parallel to each other in the direction which intersects one
direction above the insulation film in a state that the group of
electrodes are overlapped to the counter electrode are formed,
and

[0031] in another region, the counter electrode which is
constituted of a group of electrodes which extend in one
direction and are arranged in parallel to each other in the
direction which intersects one direction below the insulation
layer and the pixel electrode which is constituted of a group of
electrodes which extend in one direction and are arranged in
parallel in the direction which intersects one direction above
the insulation film and is arranged alternately with the counter
electrode are formed.

[0032] (5) A liquid crystal display device is, for example,
characterized in that

[0033] on a liquid-crystal-side surface of one substrate out
of substrates which are arranged to face each other with liquid
crystal therebetween, a region which is surrounded by a plu-
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rality of gate signal lines which are arranged in parallel to
each other and a plurality of drain signal lines which are
arranged in parallel to each other in a state that the drain signal
lines intersect the gate signal lines defines a pixel region,
[0034] the pixel region includes a switching element which
is operated in response to a scanning signal from the gate
signal line, a pixel electrode to which a video signal from the
drain signal line is supplied through the switching element,
and a counter electrode which generates an electric field
between the counter electrode and the pixel electrode,
[0035] the pixel region is constituted of divided respective
regions, wherein

[0036] inone region, the counter electrode which is formed
on the center except for a slight periphery of the region below
an insulation film and also functions as a reflective electrode
and the pixel electrode which is constituted of a group of
electrodes which extend in one direction and are arranged in
parallel to each other in the direction which intersects one
direction above the insulation layer in a state that the group of
electrodes are overlapped to the counter electrode are formed,
[0037] in another region, the counter electrode which is
constituted of a group of electrodes which extend in one
direction and are arranged in parallel to each other in the
direction which intersects one direction below the insulation
layer and the pixel electrode which is constituted ofa group of
electrodes which extend in one direction and are arranged in
parallel in the direction which intersects one direction above
the insulation film and is arranged alternately with the counter
electrode are formed, and

[0038] the insulation film has a larger thickness in another
region than one region such that a film thickness of a liquid
crystal layer in one region is approximately three times as
large as a film thickness of a liquid crystal layer in another
region.

[0039] (6) A liquid crystal display device according to the
present invention is, for example, on the premise of the con-
stitution (5), characterized in that the insulation film in one
region is formed of a protective film made of an inorganic
material, the insulation film in another region is formed of a
sequentially stacked body consisting of a protective film
made of an inorganic material and a protective film made of
an organic material, and at the same time, the counter elec-
trode includes at least a counter electrode which covers the
drain signal line.

[0040] (7) A liquid crystal display device is, for example,
characterized in that

[0041] on a liquid-crystal-side surface of one substrate out
of substrates which are arranged to face each other with liquid
crystal therebetween, a region which is surrounded by a plu-
rality of gate signal lines which are arranged in parallel to
each other and a plurality of drain signal lines which are
arranged in parallel to each other in a state that the drain signal
lines intersect the gate signal lines defines a pixel region,
[0042] the pixel region includes a switching element which
is operated in response to a scanning signal from the gate
signal line, a pixel electrode to which a video signal from the
drain signal line is supplied through the switching element,
and a counter electrode which generates an electric field
between the counter electrode and the pixel electrode,
[0043] the pixel region is constituted of divided respective
regions, wherein

[0044] inone region, the counter electrode which is formed
on the center except for a slight periphery of the region below
an insulation film and also functions as a reflective electrode
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and the pixel electrode which is constituted of a group of
electrodes which extend in one direction and are arranged in
parallel to each other in the direction which intersects one
direction above the insulation layer in a state that the group of
electrodes are overlapped to the counter electrode are formed,
[0045] in another region, the counter electrode which is
constituted of a group of electrodes which extend in one
direction and are arranged in parallel to each other in the
direction which intersects one direction below the insulation
layer and the pixel electrode which is constituted of a group of
electrodes which is extend in one direction and are arranged
in parallel in the direction which intersects one direction
above the insulation film and is arranged alternately with the
counter electrode, and

[0046] the insulation film has a layer thickness thereof in
one region than the layer thickness in another region.

[0047] (8) A liquid crystal display device according to the
present invention is, for example, on the premise of the con-
stitution (7), characterized in that the insulation film in
another region is formed of a protective film made of an
inorganic material, and the insulation film in one region is
formed of a sequentially stacked body consisting of a protec-
tive film made of an inorganic material and a protective film
made of an organic material.

[0048] (9) A display device according to the present inven-
tion 1s, for example, characterized in that

[0049] ononesubstrate out of a pair of substrates which are
arranged to face each other with liquid crystal therebetween,
pixel electrodes and counter electrodes are formed, wherein
[0050] the display device includes transmissive regions and
reflective regions, and

[0051] a distance from the substrate to an uppermost layer
electrode is set larger in the transmissive regions than in the
reflective regions, and a planar distance between the upper-
most layer electrodes is set larger in the transmissive regions
than in the reflective region.

[0052] (10)Adisplay device according to the present inven-
tion is, for example, on the premise of the constitution (9),
characterized in that the display device includes a counter
electrode made of a transparent conductor which extends is
between the transmissive region and the reflective region, the
display device includes a counter electrode made of metal
which is formed in the reflective region, and the display
device includes a pixel electrode formed of a transparent
electrode which is formed on an uppermost layer and is
spaced apart from the counter electrode by way of an insula-
tion film.

[0053] (11)Adisplay deviceaccording to the present inven-
tion is, for example, on the premise of the constitution (9),
characterized in that the display device includes a pixel elec-
trode made of a transparent conductor which extends between
the transmissive region and the reflective region, the display
device includes a pixel electrode made of metal which is
formed in the reflective region, and the display device
includes a counter electrode formed of a transparent electrode
which is formed on an uppermost layer and is spaced apart
from the counter electrode by way of an insulation film.
[0054] (12)Adisplay deviceaccording to the present inven-
tion is, for example, on the premise of the constitution (9),
characterized in that a boundary between the transmissive
region and the reflective region exists in the inside of the
display region.

[0055] (13)Adisplay deviceaccording to the present inven-
tion is, for example, on the premise of the constitution (12),
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characterized in that the initial orientation direction is sub-
stantially parallel to the extending direction of the boundary
between the transmissive region and the reflective region.
[0056] (14)A display device according to the present inven-
tion is, for example, on the premise of the constitution (12),
characterized in that the boundary between the transmissive
region and the reflective region is covered with the uppermost
layer electrode thus providing a normally black mode.
[0057] (15)Adisplay device according to the present inven-
tion is, for example, on the premise of the constitution (14),
characterized in that the uppermost layer electrode which
covers the boundary between the transmissive region and the
reflective region sets a transmissive-region-side width thereof
larger than a reflective-region-side width thereof.

[0058] (16)Adisplay device according to the present inven-
tion is, for example, on the premise of the constitution (15),
characterized in that the uppermost layer electrode which
covers the boundary between the transmissive region and the
reflective region sets the width thereof larger than a sum of a
distance between the uppermost layer electrodes in the trans-
missive region and a distance between the uppermost elec-
trodes in the reflective region.

[0059] (17)Adisplay device according to the present inven-
tion is, for example, on the premise of the constitution (15),
characterized in that the uppermost layer electrode which
covers the boundary between the transmissive region and the
reflective region sets the transmissive-region-side width
thereof larger than a distance between the electrodes in the
transmissive region and sets the reflective-region-side width
thereof larger than a distance between the electrodes in the
reflective region.

[0060] (18)Adisplay device according to the present inven-
tion 1s, for example, characterized in that

[0061] on onesubstrate out of a pair of substrates which are
arranged to face each other with liquid crystal therebetween,
pixel electrodes and counter electrodes are formed, wherein
each pixel includes a first region in which both of the pixel
electrode and the counter electrode extend in parallel linearly,
and a second region in which one electrode out of the pixel
electrode and the is counter electrode is formed linearly, and
another electrode is formed in a planner shape and is over-
lapped to one electrode by way of an insulation film.

[0062] (19)Adisplay device according to the present inven-
tion is, for example, on the premise of the constitution (18),
characterized in that a distance between the linear electrodes
differ between the first region and the second region.

[0063] (20)A display device according to the present inven-
tion is, for example, on the premise of the constitution (19),
characterized in that the distance between the electrodes is set
larger in the first region than in the second region.

[0064] According to the present invention, it is possible to
obtain a display device which exhibits excellent wide viewing
angle characteristic and high-speed responsiveness.

[0065] Here, the present invention is not limited to the
above-mentioned constitutions and various modifications can
be made without departing from a technical concept of the
present invention.

BRIEF EXPLANATION OF DRAWINGS

[0066] FIG. 1isaconstitutional view showing one embodi-
ment of a pixel of a liquid crystal display device according to
the present invention.
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[0067] FIG.2isa constitutional view showing one embodi-
ment of the liquid crystal display device according to the
present invention.

[0068] FIG. 3 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0069] FIG. 4 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0070] FIG. 5 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0071] FIG. 6 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0072] FIG. 7 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0073] FIG. 81s a plan view showing another embodiment
of the pixel of the liquid crystal display device according to
the present invention.

[0074] FIG. 9 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0075] FIG. 10 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0076] FIG.11isaplan view showing another embodiment
of the pixel of the liquid crystal display device according to
the present invention.

[0077] FIG.12is aplanview showing another embodiment
of the pixel of the liquid crystal display device according to
the present invention.

[0078] FIG. 13 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0079] FIG. 14 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0080] FIG. 15 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0081] FIG. 16 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0082] FIG. 17 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0083] FIG. 18 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0084] FIG. 19 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0085] FIG. 20 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0086] FIG. 21 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

[0087] FIG. 22 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.
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[0088] FIG. 23 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.
[0089] FIG. 24 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.
[0090] FIG. 25 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.
[0091] FIG. 26 is a constitutional view showing another
embodiment of the pixel of the liquid crystal display device
according to the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0092] Hereinafter, a mode for carrving out a liquid crystal
display device according to the present invention is explained
in conjunction with following embodiments by reference to
drawings.

Embodiment 1
Whole Constitution

[0093] FIG.2isaconstitutional view showing one embodi-
ment of the liquid crystal display device according to the
present invention. Although the drawing is shown as an
equivalent circuit, the drawing is depicted corresponding to
an actual geometrical arrangement.

[0094] The liquid crystal display device includes a pair of
transparent substrates SUB 1, SUB 2 which are arranged to
face each other with liquid crystal there between, wherein the
liquid crystal is sealed by a sealing material SL, which also
performs a function of fixing another transparent substrate
SUB 2 to one transparent substrate SUB 1.

[0095] On a liquid-crystal-side surface of the above-men-
tioned one transparent substrate SUB 1, which is surrounded
by the sealing material SL, gate signal lines GL which extend
in the x direction and are arranged in parallel in the y direction
and drain signal lines DL which extend in the y direction and
are arranged in parallel in the x direction are formed.

[0096] Regions which are surrounded by the respective
gate signal lines GL and the respective drain signal lines DL
constitute pixel regions and, at the same time, a mass of these
respective pixel regions arranged in a matrix array constitutes
a liquid crystal display part AR.

[0097] Further, in each one of the respective pixel regions
which are arranged in parallel in the x direction, a common
counter voltage signal line CL, which runs in the inside of the
respective pixel regions is formed. The counter voltage signal
line CL constitutes a signal line for supplying a voltage which
becomes the reference with respect to a video signal to
counter electrodes CT described later of the respective pixel
regions.

[0098] Ineachpixel region, a thin film transistor TFT which
is operated in response to the scanning signal from the one-
side gate signal line G and a pixel electrode PX to which the
video signal from the one-side drain signal line DL is supplied
through the thin film transistor TFT are formed.

[0099] The pixel electrode PX generates an electric field
between the pixel electrode PX and the counter electrode CT
which is connected to the counter voltage signal line CLL and
a light transmissivity of the liquid crystal is controlled based
on the electric field.
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[0100] Respective one ends of the gate signal lines GL
extend over the sealing material SL and extending ends con-
stitute terminals to which output terminals of a vertical scan-
ning drive circuit V are connected. Further, to input terminals
of the vertical scanning drive circuit 'V, signals from a printed
circuit board which is arranged outside a liquid crystal dis-
play panel are inputted.

[0101] The vertical scanning drive circuit V is constituted
of aplurality of semiconductor devices, wherein a plurality of
gate signal lines which are arranged close to each other are
formed into a group and one semiconductor device is allo-
cated to each group.

[0102] Inthe samemanner, respective one ends of the drain
signal lines DL extend over the sealing material SL. and
extending ends constitute terminals to which output terminals
of a video signal drive circuit He are connected. Further, to
input terminals of the video signal drive circuit He, signals
from a printed circuit board which is arranged outside a liquid
crystal display panel are inputted.

[0103] The video signal drive circuit He is also constituted
of a plurality of is semiconductor devices, wherein a plurality
of drain signal lines which are arranged close to each other are
formed into a group and one semiconductor device is allo-
cated to each group.

[0104] Further, the above-mentioned counter voltage sig-
nal lines CL each of which is used in common in the respec-
tive pixel regions arranged in parallel in the x direction are
connected in common at a right-side end portion in the draw-
ing, the connection line extends over the sealing material SL,
and a terminal CLT is formed at the extending end. From the
terminal CLT, a voltage which becomes the reference with
respect to the video signal is supplied.

[0105] With respect to the respective gate signal lines GL,
one gate signal line GL is sequentially selected in response to
the scanning signal from the vertical scanning circuit V.
[0106] Further, to the respective drain signal lines DL, the
video signal is supplied from the video signal drive circuit He
in conformity with the selection timing of the gate signal lines
GL.

[0107] Here, in the above-mentioned embodiment, the ver-
tical scanning drive circuit V and the video signal drive circuit
He are formed of semiconductor devices which are mounted
on the transparent substrate SUB 1. However, the vertical
scanning drive circuit V and the video signal drive circuit He
may be formed of so-called tape-carrier method semiconduc-
tor devices which are connected while striding over the trans-
parent substrate SUB 1 and the printed circuit board, for
example. Further, when a semiconductor layer of the above-
mentioned thin film transistor TFT is constituted of poly-
crystal silicon (p-Si), semiconductor elements made of the
above-mentioned crystal silicon may be formed together with
awiring layer on a surface of the transparent substrate SUB 1.

<<Constitution of Pixel>>

[0108] FIG.1(a)isaplan view showing one embodiment of
the constitution of the above-mentioned pixel region further,
across section taken along a line b-b in FIG. 1(a) is shown in
FIG. 1(4) and a cross section taken along a line ¢c-c in FIG.
1(a) is shown in FIG. 1(c).

[0109] In the respective drawings, on a liquid-crystal-side
surface of the transparent substrate SUB 1, first of all, a pair
of gate signal lines GL. which extend in the x direction and are
arranged in parallel in the y direction are formed.
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[0110] These gate signal lines GL surround a rectangular
region together with a pair of drain signal lines DL described
later, wherein the region is constituted as a pixel region.
[0111] Further, the pixel region is divided into two regions
(an upper region in the drawing being referred to as a region
A and a lower region in the drawing being referred to as a
region B) which are defined by an imaginary line which runs
in the x direction in the drawing at a substantially center of the
pixel region.

[0112] Further, the counter voltage signal line CL is formed
in parallel to the gate signal line GL, wherein the counter
voltage signal line CL is positioned at an upper portion on the
region A side of the pixel region, for example.

[0113] Further, the counter voltage signal lines CL are
formed in a pattern in which the counter voltage signal lines
CL are formed in the inside of the pixel region in a state that
the counter voltage signal lines CL are arranged close to the
drain signal lines DL described later and extend along the
drain signal lines DL and, at the same time, the counter
voltage signal lines CL are connected with each other in an
upper portion of the region B of the pixel region.

[0114] That is, the counter voltage signal line CL is inte-
grally formed at four sides in the region A of the pixel region
and at three sides except for a lower-side portion in the region
B.

[0115] Further, for example, one counter electrode CT
which extends in the y direction in the drawing at the sub-
stantially center of the region B of the pixel region is inte-
grally formed with the counter voltage signal line CL.
[0116] In the region B, the counter voltage signal line CL
which is arranged close to the drain signal line DL also
functions as the counter electrode CT thus forming three
counter electrodes CT in total including the above-mentioned
counter electrode CT.

[0117] Further, in the region A of the pixel region, a light-
transmitting conductive film made of, for example, ITO (In-
dium Tin Oxide), ITZO (Indium Tin Zinc Oxide), IZ0O (In-
dium Zinc Oxide) or the like is formed, and four respective
sides of the conductive film are overlapped to the counter
voltage signal line CL thus electrically connecting the con-
ductive film with the counter voltage signal line CL.

[0118] The light transmitting conductive film is configured
to function as a counter electrode CT in the region A.

[0119] On a surface of the transparent substrate SUB 1 on
which the gate signal lines GL and the counter voltage signal
lines CL (counter electrodes CT) are formed in this manner,
an insulation film GI which is made of SiN, for example, is
formed in a state that the insulation film GI also covers the
gate 1s signal lines GL and the counter voltage signal lines CL,
(counter electrodes).

[0120] Theinsulation film GI has a function of an interlayer
insulation film with respect to the gate signal line GL and the
counter voltage signal line CL in the region where the drain
signal line DL described later is formed, a function of a gate
insulation film with respect to the region where the thin film
transistor TFT described later is formed and a function of a
dielectric film in a region where a capacitive element Cstg
described later is formed.

[0121] Further, on a surface of the insulation film GI, a
semiconductor layer AS made of, for example, amorphous Si
is formed in a state that the semiconductor layer AS is over-
lapped to a portion of the gate signal line GL.

[0122] The semiconductor layer AS constitutes a semicon-
ductor layer of the thin film transistor TFT, wherein by form-
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ing a drain electrode SD1 and a source electrode SD2 on an
upper surface of the thin film transistor TFT, it is possible to
constitute an MIS type transistor having the inversely-stag-
gered structure which uses the portion of the gate signal line
GL as a gate electrode.

[0123] Here, the above-mentioned drain electrode SD1 and
the source electrode SD2 are formed simultaneously at the
time of forming the drain signal line DL.

[0124] Thatis, the drain signal lines DL which extend in the
y direction and are arranged in parallel in the x direction are
formed, portions of the drain signal lines DL are extended to
upper surfaces of the semiconductor layers AS thus forming
the drain electrodes SD1, and the source electrodes SD2 are
formed in a spaced-apart manner from the drain electrodes
SD1 by an amount corresponding to a channel length of the
thin film transistor TFT.

[0125] Thesourceelectrode SD2 is extended from a surface
of the semiconductor layer AS to an upper surface of the
pixel-region-side insulation film GI and the pixel electrode
PX is integrally formed with the source electrode SD2.
[0126] First of all, with respect to the pixel electrodes PX in
the region B, two pixel electrodes PX are formed in a state that
each pixel electrode PX is extended in the y direction and is
arranged between the respective counter electrodes CT, and
the pixel electrodes PX are connected with each other on the
counter voltage signal line CL which is formed on a boundary
between the region B and the region A.

[0127] Due to such a constitution, in the region B of the
pixel region, the counter electrodes CT and the pixel elec-
trodes PX are alternately formed, that is, in order of the
counter electrode CT, the pixel electrode PX, the counter
electrode CT, the pixel electrode PX, the counter electrode
CT from one drain signal line DL side.

[0128] Further, with respect to the pixel electrode PX in the
region A, the pixel electrode PX is formed of a group of
electrodes consisting of a plurality of electrodes which extend
in the y direction and are arranged in parallel in the x direction
in a state that the group of electrodes is overlapped to the
counter electrode CT in the region, and the respective elec-
trodes are integrally connected with each other on the counter
voltage signal line CL which is formed on the boundary
between the region A and the region B.

[0129] Thenumber of pixel electrodes PX in the region A is
set larger than the number of pixel electrodes PX in the region
B. This is because that in the region A, the pixel electrodes PX
generate an electric field in a concentrated manner between
side portions (edge portions) of the pixel electrodes PX and
the counter electrode CT.

[0130] On the counter voltage signal line CL, a connecting
portion of each pixel electrode PX has a relatively large area
and a capacitive element Cstg which uses the above-men-
tioned insulation film GI as a dielectric film is formed
between the pixel electrode PX and the counter voltage signal
line CL at such a portion.

[0131] The capacitive element Cstg is configured to pos-
sess functions such as a function of storing the video signal
supplied to the pixel electrode PX for a relatively long time
and the like, for example.

[0132] Onthe surface of the transparent substrate SUB 1 on
which the thin film transistors TFT, the drain signal lines DL,
the drain electrodes SD1, the source electrodes SD2 and the
pixel electrodes PX are formed in this manner, a protective
film PSV made of SiN, for example, is formed. The protective
film PSV is a film which prevents the thin film transistors TFT
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from directly coming into contact with the liquid crystal and
is provided for preventing the deterioration of the character-
istic of the thin film transistor TFT.

[0133] Here, the above-mentioned protective film PSV
may be, for example, formed of an organic material layer
made of resin or a stacked body which is constituted of an
inorganic material layer and the organic material layer. By
adopting such a constitution, a surface of the protective film
PSV can be leveled and hence, it is possible to favorably
improve the rubbing property of an orientation film formed on
the protective film PSV.

[0134] Further, the orientation film (not shown in the draw-
ing) is formed on an upper surface of the protective film PSV.
[0135] The orientation film is a film which is brought into
directcontact with the liquid crystal and determines the initial
orientation direction of molecules of the liquid crystal by
rubbing formed on the surface of the orientation film.

[0136] The liquid crystal display device having such a con-
stitution includes the region A and the region B in each pixel
region, wherein in the region A, right below the pixel elec-
trodes PX by way of the insulation film GI, an electric field is
generated between the pixel electrodes PX and the counter
electrode CT including peripheries of the pixel electrodes PX.
In this case, a distance between the pixel electrodes PX and
the counter electrode CT is set to an amount substantially
corresponding to a thickness of the insulation film GI and
hence, it is possible to form the electric field having a rela-
tively large intensity whereby the high-speed responsiveness
can be enhanced.

[0137] Here, the electric field which drives the liquid crys-
tal is constituted of a component substantially parallel to the
transparent substrate SUB 1 out of the electric field generated
between the above-mentioned pixel electrode PX and counter
electrode CT. Accordingly, in this region A, the distance
between each pixel electrode PX and the neighboring pixel
electrode PX is made relatively narrow thus increasing the
electric field of the component substantially parallel to the
transparent substrate SUB 1 between the pixel electrode PX
and the counter electrode CT Accordingly, the number of
pixel electrodes PX formed in the region A is set larger than
the number of pixel electrodes PX formed in the region B.
[0138] On the other hand, in the pixel region B, the pixel
electrodes PX and the counter electrodes CT are alternately
arranged by way of the above-mentioned insulation film GI
and the spaced-apart distance between the pixel electrode PX
and the counter electrode CT is relatively large and hence, the
electric field generated between the pixel electrode PX and
the counter electrode CT contains a larger amount of compo-
nent substantially parallel to the transparent substrate SUB 1.
This implies that the liquid crystal display device can possess
the excellent wide-viewing-angle characteristic due to the
nature of the behavior of the above-mentioned component of
the liquid crystal.

[0139] In this manner, by controlling the number of elec-
trodes in the regions A and B, it is possible to allow the wide
viewing angle, the high-speed responsiveness and the high
numerical aperture compatible with each other.

[0140] Accordingly, the liquid crystal display device hav-
ing such a constitution can perform an image display which
includes both of the wide viewing angle characteristic and the
high-speed responsiveness.

Embodiment 2
[0141] FIG. 3 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 1.
[0142] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 1 lies in that the
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pixel electrodes PX are formed on an upper surface of the
protective film PSV in the region A of the pixel region.
[0143] In this case, the pixel PX electrodes are connected
with each other in common above the counter voltage signal
line CL which runs at the center of the pixel region in the x
direction, and a portion of the connecting portion is electri-
cally connected with the counter voltage signal line CL via a
through hole TH formed in the protective film PSV and the
insulation film GI in a penetrating manner.

[0144] Further, it is needless to say that the pixel electrodes
PX may be formed of a non-light-transmitting material such
as metal or a light transmitting material such as ITO or the
like.

[0145] By adopting such a constitution, the liquid crystal
display device can obtain the wide viewing angle charactetr-
istic and the high-speed responsiveness.

Embodiment 3

[0146] FIG. 4 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 1.

[0147] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 1 lies in that in the
region A and the region B of the pixel region, the respective
pixel electrodes PX are formed on an upper surface of the
protective film PSV.

[0148] Due to such a constitution, the pixel electrodes PX
the number of which differs largely between the regions, and
are liable to easily produce etching residues can be formed on
an uppermost layer and hence, it is possible to reduce short-
circuiting failures between the pixel electrodes PX and other
conductive layers such as the drain signal lines DL, the
counter electrodes CT or the like.

[0149] Inthis case, one end of the pixel electrode PX which
is arranged close to the thin film transistor TFT is electrically
connected with the source electrode of the thin film transistor
TFT via the through hole TH formed in the protective film
PSV and the insulation film GI in a penetrating manner.
[0150] Further, it is needless to say that the pixel electrodes
PX may be formed of a non-light-transmitting material such
as metal or a light transmitting material such as ITO or the
like.

[0151] By adopting such a constitution, the liquid crystal
display device can obtain the wide viewing angle character-
istic and the high-speed responsiveness.

Embodiment 4

[0152] FIG. 5 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 1.

[0153] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 1 lies in that, first
of all, the pixel electrodes PX are formed on an upper surface
of the insulation film GI and the counter electrodes CT are
formed on an upper surface of the protective film PSV.
[0154] That is, the pixel electrodes PX in the region B are
integrally formed with the source electrode D2 of the thin film
transistor TFT and an electric connection between the pixel
electrode PX and the source electrode SD2 is established in
the boundary portion between the region B and the region A.
The pixel electrode PX in the region A is formed in a rectan-
gular shape at a center portion of the region A except for a
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slight periphery of the region A, and the pixel electrode PX is
formed of a light-transmitting conductive layer made of ITO
or the like, for example.

[0155] The protective film PSV is constituted of, for
example, a sequentially stacked body of a protective film
PSV1 made of an inorganic material such as SiN or the like
and a protective film PSV2 made of an organic material such
as a resin.

[0156] The counter electrodes CT in the pixel region B are
formed in a state that each pixel electrode PX is arranged
between the counter electrodes CT, while the counter elec-
trode CT in the region A is constituted of a group of electrodes
formed of a large number of electrodes which extend in the y
direction and are arranged in parallel in the x direction in a
state that the counter electrode CT is overlapped to the pixel
electrode PX.

[0157] Further, these respective counter electrodes CT are
integrally formed with the same material layer which is
formed at a portion which covers the gate signal line GL, ata
portion which covers the drain signal line DL and at a portion
which defines the region A and the region B.

[0158] Here, the above-mentioned material layer which
covers the drain signal line DL has a function of the counter
electrode CT in the same manner as the above-mentioned
counter electrode CT and, at the same time, avoids the termi-
nation of lines of electric forces generated by an electric field
from the drain signal line DL to the neighboring pixel elec-
trode PX by terminating the lines of electric forces. This is
because that the termination of the lines of electric forces to
the pixel electrode PX adversely influences a display as
noises.

[0159] Accordingly, the above-mentioned material layer
which covers the drain signal line DL has a center axis thereof
substantially aligned with a center axis of the drain signal line
and has a width thereof set larger than a width of the drain
signal line.

[0160] Further, it is needless to say that the above-men-
tioned counter electrodes CT may be formed of a non-light-
transmitting material such as metal or a light transmitting
material such as ITO or the like.

[0161] By adopting such a constitution, the liquid crystal
display device can obtain the wide viewing angle character-
istic and the high-speed responsiveness.

[0162] In this embodiment, by forming the counter elec-
trodes CT on an uppermost layer, it is possible to form the
counter electrodes CT integrally and in a matrix array in the
regions A, B and hence, the electricity supply resistance can
be reduced. Further, it is possible to optimize the counter
electrode CT on the drain signal line DL for every region
without influencing the numerical aperture and hence, the
numerical aperture can be enhanced.

Embodiment 5

[0163] FIG. 6 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 1.

[0164] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 1 lies in that the
counter electrode CT in the region A of the pixel region is
replaced with a metal layer having a favorable light reflec-
tance thus forming the region A into a light reflection portion
of the pixel region. That is, the above-mentioned counter
electrode CT is formed such that the counter electrode CT
also functions as a reflective electrode.
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[0165] Incidentally, the region B forms a light transmitting
portion using the constitution substantially equal to the con-
stitution shown in F1G. 1.

[0166] Here, the counter electrode CT in the region A may
be integrally formed with the counter voltage signal line CL.
and this embodiment adopts such a constitution.

[0167] Further, in this embodiment, the respective pixel
electrodes PX in the region A and the region B of the pixel
region are formed of electrodes which are formed in a state
that the electrodes are overlapped to the counter voltage sig-
nal line CL formed on the upper portion of the pixel region
and extend to the region A from another electrode of the
capacitive element Cstg, and electrodes which are formed in
a state that the electrodes are overlapped to the counter volt-
agesignal line CL which is formed on the upper portion of the
pixel region and extend to the region B from another electrode
of the capacitive element Cstg.

[0168] Further, it is needless to say that the above-men-
tioned pixel electrodes PX may be formed of a non-light-
transmitting material such as metal or a light transmitting
material such as ITO or the like.

[0169] By adopting such a constitution, the liquid crystal
display device can obtain the wide viewing angle character-
istic and the high-speed responsiveness.

[0170] Inthisembodiment, by forming the region A into the
reflective region, it is possible to enhance both of the trans-
missivity and the reflectance compared to the case in which
the region B is formed of the reflective region and hence, the
present invention can simultaneously realize the high reflec-
tance and the high numerical aperture which contradict to
each other at a glance.

Embodiment 6

[0171] FIG. 7 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 6.

[0172] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 6 lies in that the
pixel electrodes PX in the region A of the pixel region and the
pixel electrodes PX in the region B of the pixel region are
constituted of electrodes which are formed in a state that the
electrodes extends to the region A from another electrode of
the capacitive element Cstg formed on the counter voltage
signal line CL formed on the boundary of the respective
region in an overlapped manner and electrodes which extend
to the region B from another electrode of the capacitive ele-
ment Cstg.

[0173] Due to such a constitution, another electrode of the
capacitive element Cstg is formed in a state that the capacitive
element Cstg extends in the x direction at the substantially
center of the pixel region and functions as a light shielding
film. Accordingly. it is possible to eliminate the mixing of
lights in the respective displays of the display region A and the
display region B.

[0174] Further, it is needless to say that the above-men-
tioned pixel electrodes PX may be formed of a non-light-
transmitting material such as metal or a light transmitting
material such as ITO or the like.

[0175] By adopting such a constitution, the liquid crystal
display device can obtain the wide viewing angle charactet-
istic and the high-speed responsiveness.

Embodiment 7

[0176] FIG. 8 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 7.
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[0177] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 7 lies in that the
region A which constitutes the light reflective portion and the
region B which constitutes the light transmissive portion are
formed in a reverse manner.

[0178] It is needless to say that such a constitution is also
applicable to the Embodiment 5

[0179] In the region A having the large number of pixel
electrodes PX, a generation ratio of etching residues between
the pixel electrodes PX becomes relatively high compared to
the generation ratio of etching residues between the pixel
electrodes PX in the region B. Further, the structure in the
vicinity of the thin film transistor TFT is complicated and
hence, the etching residues are liable to be easily generated.
However, in this embodiment, since the reflective region is
arranged on the thin film transistor TFT side and hence, the
residue generating portion constitutes a reflective portion
whereby there is no possibility that the reflectance is lowered
and it is possible to ensure the stable reflectance.

Embodiment 8§

[0180] FIG. 9 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 6.

[0181] Compared with a case shown in FIG. 6, the region A
of the pixel region has the substantially equal constitution.
However, in the region B, a protective film PSV2 is formed on
an upper surface of the protective film PSV1, and the counter
electrodes CT are formed on an upper surface of the protec-
tive film PSV2,

[0182] To obviate a drawback attributed to the difference of
light transmissivity caused by a fact that the light passes
through the liquid crystal layer twice in the region A which
constitutes the light reflective portion and passes through
once in the region B which constitutes the light transmissive
portion, a first-order birefringence mode is adopted with
respect to the region B and a second-order birefringence
mode is adopted with respect to the region A.

[0183] That is, in expressing the light transmissivity in the
birefringence mode, in general, the light transmissivity T/T,,,
when a uniaxial birefringence medium is inserted between
two polarizers which are arranged orthogonally from each
other, is expressed by a following formula (1).

T/Tg=sin?(2X, )-sin2(ndeﬂ-An/)\) (1)

[0184] Here, X indicates an effective optical axis direc-
tion (an angle made by an optical axis and a change transmis-
sionaxis) of liquid crystal composition, d, sindicates an effec-
tive thickness of a liquid crystal composition layer having the
birefringence, An indicates the reflectance anisotropy, and A
indicates a wavelength of light.

[0185] Here, the reason that the optical axis direction of the
liquid crystal composition layer is set as the effective value is
that the liquid crystal molecules are fixed to an interface in the
inside of an actual cell, all of liquid crystal molecules in the
inside of the cell are not arranged in parallel and uniformly at
the time of applying an electric field to the liquid crystal, and
the large deformation is generated in the liquid crystal in the
vicinity of the interface and hence, the light axis direction of
the liquid crystal composition layer is treated as an apparent
value when a uniform state is assumed as an average value
with respect to the light axis directions of the liquid crystal
composition layer.
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[0186] For example, to obtain the normally-closed charac-
teristic in which a dark state is obtained at the time of applying
a low voltage and a bright state is obtained at the time of
applying a high voltage, as the arrangement of polarizers, a
transmission axis (or an absorption axis) of one polarizer may
be arranged substantially parallel to the orientation direction
(a rubbing direction) of the liquid crystal molecules and a
transmission axis of another polarizer may be arranged sub-
stantially perpendicular to the orientation direction of the
liquid crystal molecules.

[0187] Since X in the above formula (1) is 0 at the time of
applying no electric field, T/T, becomes O.

[0188] On the other hand, at the time of applying an electric
field, a value of X, is increased corresponding to a field
strength and the value of X, becomes maximum when the
light axis direction is 450.

[0189] In this case, assuming that a wavelength of the light
is 0.555 pm, for example, to make the uniaxial birefringence
medium become achromatic and have the maximum trans-
missivity, the effective d,,An may be set to 0.28 um which is
a Y5 wavelength.

[0190] This implies that by setting the thickness of the
liquid crystal layer in the region A which uses the second-
order birefringence mode approximately three times, that is
approximately 2.5 times to 3.5 times as large as the thickness
of the liquid crystal layer in the region B which uses the
first-order birefringence, it is possible to optimize the dis-
plays of these respective regions.

[0191] Here, in FIG. 9, the counter electrode CT includes
the counter electrode which is formed in a state that the
counter electrode which covers the drain signal line DL and
has a function of terminating lines of electric force generated
by the electric field from the drain signal line DL as described
above. The counter electrode CT is electrically connected
with the counter electrode CT which is formed on the region
A and is also formed on the region B side in a slightly
extended manner via a through hole formed in the protective
film PSV2, PSV1 and the insulation film GI in a penetrating
manner.

Embodiment 9

[0192] FIG. 10 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 9.

[0193] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 9 lies in that, first
of all, the protective film PSV2 which is formed on the region
B of the pixel region is also formed on the region A, and an
opening is formed in a center portion except for a slight
periphery of the protective film PSV2 of the region A.
[0194] Further, the counter electrode formed ona surface of
the protective film PSV2 is formed also to cover the drain
signal line DL and the gate signal line GL on the region A
side.

[0195] Due to such a constitution, the whole drain signal
line DL is covered with the counter electrode CT having a
shielding function thus achieving advantageous effects such
as the enhancement of the numerical aperture and the reduc-
tion of longitudinal smear.

Embodiment 10

[0196] FIG. 11 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 10 (a).
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[0197] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 10 (a) lies in that
the counter electrode CT which is formed on an upper surface
of the protective film PSV2 is constituted of a non-light-
transmitting material layer such as metal.

[0198] Due to such a constitution, it is possible to select a
low resistance material as a material of the counter electrode
CT and to directly supply the counter voltage signal to the
counter electrode and hence, it is possible to provide the
constitution which has no through hole.

[0199] Further, it is possible to allow the counter electrode
CT per se also to perform a function of a black matrix.

Embodiment 11

[0200] FIG. 12 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 11.

[0201] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 11 lies in that the
counter electrode CT which is formed on the upper surface of
the protective film PSV2 and the counter electrode CT which
is formed below the insulation film GI in the region A are
connected with each other via a through hole TH formed in
the protective film PSV2, the protective film PSV1 and the
insulation film GI in a penetrating manner.

[0202] As shown in FIG. 11, by directly supplying the
counter voltage signal to the counter electrode CT formed on
an upper surface of the protective film PSV2, it is possible to
obtain an advantageous effect that the counter voltage signal
line CL shown in FIG. 11 may not be formed.

Embodiment 12

[0203] FIG. 13 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 7.

[0204] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 7 lies in that in the
region A which constitutes a light reflective portion, the pro-
tective film PSV2 is formed on an upper surface of the pro-
tective film PSV1.

[0205] This constitution is provided for making a thickness
ofthe liquid crystal layer in the light reflective portion smaller
than a thickness of the light transmissive portion.

[0206] Since the light passes through the liquid crystal
layer twice in the reflective portion, the layer thickness of the
liquid crystal layer is decreased correspondingly.

[0207] Accordingly, it is possible to perform a display of
both regions A, B using a first-order birefringence mode. In
this case, it is preferable to set a thickness of the protective
film PSV2 to V4 to 3/2 of the thickness of the liquid crystal
layer. This is because that such thickness relationship can
maximize the respective transmissivities and reflectances of
the regions A, B.

Embodiment 13

[0208] FIG. 14 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 13.

[0209] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 13 lies in that on
an upper surface of the protective film PSV2 which is formed
onthe region A which constitutes a light reflective portion, the
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pixel electrodes PX are formed. The pixel electrodes PX may
be formed of a light-transmitting material layer.

[0210] In this case, the respective pixel electrodes PX are
electrically connected with each other in the boundary por-
tion between the region A and the region B which constitutes
a light transmitting portion and, at the same time, the respec-
tive pixels are electrically connected with the pixel electrodes
PX of'the region B via a through hole formed in the protective
film PSV1.

Embodiment 14

[0211] FIG. 15 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 14.

[0212] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 14 lies in that in
the region A of the pixel region, the pixel electrodes PX are
formed on the same layer as the drain signal lines DL and the
counter electrodes CT are formed on a surface of the protec-
tive film PSV2.

[0213] Inthiscase, the counter electrodes CT are formed in
a state that the counter electrodes CT also cover the drain
signal lines DL and are constituted of, for example, non-light-
transmitting metal thus functioning also as a reflective elec-
trode.

[0214] As a result, the counter electrodes CT in the region
A and the counter electrodes CT in the region B are arranged
onlayers different from each other thus enabling the optimum
setting of the counter electrodes CT with respect to the cor-
responding pixel electrodes PX.

[0215] Further, in this embodiment, the counter electrodes
CT onthe protective film PSV2 formed in the region A extend
to a side wall surface of an opening portion formed in the
protective film PSV2 in the region B and cover the side wall
surface.

[0216] Since the counter electrodes CT are formed of a
non-light-transmitting material such as metal, for example,
the counter electrodes CT function as light shielding films
whereby it is possible to suppress the generation of a reverse
tilt domain on the side wall surface of the protective film
PSV2.

Embodiment 15

[0217] FIG. 16 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 6.

[0218] To compare the constitution of this embodiment
with the constitution of the embodiment shown in FIG. 6,
although the region A of the pixel region has the substantially
same constitution as the embodiment shown in FIG. 6, in the
region B of the pixel region, the counter electrode CT in the
portion is formed of a light transmitting material such as ITO,
for example, in a center portion of the region except for a
slight periphery ofthe region, and the pixel electrodes PX are
constituted by directly extending the respective pixel elec-
trodes PX in the region A.

Embodiment 16

[0219] FIG. 17 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 16.

[0220] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 16 lies in that
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although the protective film PSV2 which is formed of an
organic material is formed on the upper surface of the protec-
tive film PSV1 and, at the same time, an opening is formed in
a center portion of the region B of the pixel region except for
a slight periphery of the region B.

Embodiment 17

[0221] FIG. 18 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 17.

[0222] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 17 lies in that the
number of the pixel electrodes PX in the region B of'the pixel
region is partially decreased.

Embodiment 18

[0223] FIG. 19 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 18.

[0224] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 18 lies in that the
number of the pixel electrodes PX in the region B of the pixel
region is set smaller than the number of the pixel electrodes
PX in the region A of the pixel region, the respective intervals
of the pixel electrodes PX are set equal.

Embodiment 19

[0225] FIG. 20 is a constitutional view showing another
embodiment of the liquid crystal display device according to
the present invention and corresponds to FIG. 19.

[0226] The constitution which makes this embodiment dif-
ferent from the embodiment shown in FIG. 19 lies in that, in
the region A of the pixel region, the pixel electrodes PX and
the drain signal lines DL are formed on the same layer and, at
the same timer the pixel electrodes PX are formed of a non-
light-transmitting material such as metal.

[0227] Further, the protective film PSV2 which is made of
an organic material is formed on an upper surface of the
protective film PSV1 and the counter electrodes CT are
formed on an upper surface of the protective film PSV2. In
this case, the counter electrodes CT are formed in a state that
the counter electrodes CT cover the drain signal lines DL in
the region and, further, the counter electrodes CT are made of
a non-light transmitting material such as metal.

Embodiment 20

[0228] FIG. 21 is a view showing another embodiment of
the liquid crystal display device according to the present
invention, wherein (a) is a plan view of the pixel, and (b), (¢),
(d) are respectively schematic cross-sectional views taken
along lines b-b, c-¢ and d-d in FIG. 21.

[0229] As shown in FIG. 21(b), a signal from the TFT is
supplied through the SD and is connected to the pixel elec-
trode PX formed on the insulation film PAS via a through hole
TH. The pixel electrode PX is formed of a transparent elec-
trode. As an example, ITO, 170, ITZO and the like can be
used and ITO is used in this embodiment.

[0230] Below the PX, a transparent counter electrode CTT
is formed by way of the insulation film. The CTT is also
formed of a transparent electrode and the counter electrode
CTT is formed of ITO in this embodiment.

[0231] In FIG. 21(c), a stepped portion is observed. The
transparent counter electrode CTT is formed on the substrate
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SUB and a metal counter electrode CTM is formed on a
portion thereof. On the CTT and the CTWM, the pixel electrode
PX is formed by way of an insulation film. Due to such a
constitution, the pixel is constituted by having two regions
therein such that the CTM forming portion functions as a
reflective type and the CTM non-forming portion functions as
a transmissive type attributed by the CTT In the drawing, the
reflective region is indicated by R-3, the transmissive region
is indicated by R-1, and an intermediate region is indicated by
R-2.

[0232] Inthe reflective region, the light which is incident on
the liquid crystal display device form the display screen side
is reflected on the CTM and the light is irradiated to the
display side again. Accordingly, the number of times that the
light passes through the liquid crystal layer becomes twice
compared to one time in the transmissive region. Accord-
ingly, to maximize the light utilization efficiency, it is desir-
able to set the layer thickness of the liquid crystal layer in the
reflective region smaller than the layer thickness of the liquid
crystal layer in the transmissive region. Accordingly, in this
embodiment, by stacking the metal counter electrode CTM
and the transparent counter electrode CTT on the reflective
region, the reflective region is constituted such that the dis-
tance from the substrate SUB to the pixel electrode PX is
remote, that is, the thickness of the liquid crystal layer is
decreased. Although the CTM is overlapped to the CTT from
above in the drawing, it is needless to say that the reverse
constitution is also applicable.

[0233] FIG. 21 (d) is a cross-sectional view of the vicinity
of the video signal line DL. The CTM is overlapped to an end
portion of the CTT. Due to such a constitution, the power
supply resistance to the CTT made of the transparent elec-
trode can be reduced by supplying the electricity from many
directions using the CTM formed of the metal electrode. The
gate insulation film G is overlapped to the CTT and the CTM,
and the video signal line DL is formed on the gate insulation
film GI. Further, an insulation film PAS is formed above the
gate insulation film and the video signal line DL, and the pixel
electrode PX is formed on the insulation film PAS. The pixel
electrode PX may be formed on the GI.

[0234] In FIG. 21 (a), a portion of the CTM is extended
below the video signal line DL and is connected with the
CTM between the pixels. That is, the portion of the CTM also
functions as a common signal line CL.

[0235] The PX is, in the drawing, configured such that a
plurality of bent-shaped members have end portions thereof
connected with each other. Accordingly, in plane, an electric
field is generated between the CTT or the CTM which is
exposed between the PX and the PX thus performing a dis-
play. In this embodiment, the reason that the PX is bent is to
achieve a so-called multi domain effect, wherein it is possible
to broaden a viewing angle by setting the directions of the
electric field in plural numbers.

[0236] According to the present invention, it is possible to
realize the liquid crystal display device of a wide viewing
angle which has the transmissive region and the reflective
region in combination.

Embodiment 21

[0237] FIG. 22 is a view which corresponds to FIG. 21 and
shows the relationship between the pixel and the initial ori-
entation direction. Symbol RUB indicates the initial orienta-
tion direction and assumes a substantially same angle 0 as
absolute values with respect to two directions of the bent

Aug. 20, 2009

electrodes and, at the same time, the directions with respect to
the bent electrodes and the RUB are made different from each
other. Due to such a constitution, it is possible to maximize an
advantageous effect brought about by the multi domain.
[0238] Further, the pixel is formed such that an end portion
of the CTM is substantially parallel to the RUB. By adopting
such a constitution, it is possible to smoothly perform the
orientation treatment at a stepped portion thus realizing the
enhancement of a contrast ratio.

Embodiment 22

[0239] FIG. 23 shows another embodiment corresponding
to FIG. 21, wherein (b) is a schematic cross-sectional view
taken along a line b-b in FIG. 23 (a).

[0240] The distance between the pixel electrodes PX is set
to L1 in the transmissive region R-1 and 1.2 in the reflective
region R-3. In the transmissive region, the distance from the
substrate SUB to the pixel electrode PX is configured to be
smaller than the corresponding distance in the reflective
region. That is, the thickness of the liquid crystal layer in the
transmissive region is set larger than the thickness of the
liquid crystal layer in the reflective region. Due to such a
constitution, a drive voltage of the liquid crystal in the trans-
missive region becomes lower than the drive voltage of the
liquid crystal in the reflective region. This is because that the
brightness elevation characteristic with respect to the voltage
of the liquid crystal layer depends on the layer thickness of the
liquid crystal layer. Accordingly, assuming that .1 and .2 are
equal, the brightness characteristic with respect to the volt-
age, that is, a so-called B-V curve largely differs between the
transmissive portion and the reflective portion.

[0241] Accordingly, in this embodiment, the distance
between the pixel electrodes PX is set such that the 1.2 in the
reflective region is smaller than the L1 in the transmissive
region, that is, L1>L.2.

[0242] Accordingly, by adjusting the field strength, it is
possible to make the B-V curves in the transmissive portion
and the reflective portion come close to each other whereby
the liquid crystal display device which is suitable for both of
transmission and reflection can be realized.

Embodiment 23

[0243] FIG. 24 is another embodiment corresponding to
FIG. 21, wherein (b) is a schematic cross-sectional view taken
along a line b-b in FIG. 24 (a).

[0244] An intermediate region R-2 portion belongs to nei-
ther one of the reflective region and the transmissive region
and hence, becomes a cause of a domain. Accordingly, a
stepped portion is covered with the pixel electrode PX. Here,
by adopting a normally black mode in which a black display
is performed at the time of applying no voltage, even when the
pixel electrode PX is constituted of a transparent electrode, a
voltage above the stepped portion assumes the same potential
due to the pixel electrode PX and hence, the generation of the
domain can be prevented thus realizing a display with a high
contrast ratio.

[0245] Further, this embodiment can also realize the pre-
vention of the domain at the time of applying a voltage.
[0246] In this embodiment, with respect to the pixel elec-
trode PX on the stepped portion, by setting a width thereof on
a transmissive region R-1 side as L3 and the width thereof on
a reflective region R-3 side as L4, the relationship L3>L4 is
established. Since the liquid crystal is driven in the transmis-
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sive region with a voltage lower than a voltage in the reflective
region, the center of the pixel electrode PX on the stepped
portion is displaced from the step thus arranging the pixel
electrode PX to satisfy the relationship L.3>L4, it is possible
to maintain the stepped portion at a fixed potential effectively
thus suppressing the generation of the domain.

[0247] Further, provided that a width L5 of the pixel elec-
trode on the step satisfies the relationships L5>L.1, L5>1.2, it
is desirable to make the width L5 to further satisfy the rela-
tionship L5>(L.1+L.2). This is because that it is possible to
maintain the PX on the stepped portion at the fixed potential
in a more stable manner.

[0248] Further, in the same manner, it is desirable that
relationships L3>L1, [.4>1.2 are satisfied.

[0249] In this embodiment, as can be clearly understood
from the drawing, an end portion of a metal counter electrode
CTM s formed ina bent shape in the same manner as the pixel
electrode PX. Due to such a constitution, the stepped portion
becomes parallel to the bent shape of the PX and hence, it is
possible to maintain the above-mentioned relationships in a
stable manner within a wider range whereby the domain can
be suppressed.

[0250] Although this embodiment adopts the structure in
which the pixel electrode PX is formed above the counter
electrode CTT or CTM, this embodiment is also applicable to
the structure in which the layer relationship between the CTT
and the PX is reversed. In such a case, it is sufficient that the
transparent counter electrode CTT formed on the stepped
portion satisfies the relationship similar to the pixel electrode
PX formed on a stepped portion as explained in this embodi-
ment.

Embodiment 24

[0251] FIG. 25 shows another embodiment corresponding
to FIG. 21, wherein (b) is a schematic cross-sectional view
taken along a line b-b in FIG. 25 (a).

[0252] This embodiment is characterized in that the gen-
eration of the step is performed using an insulation layer. Due
to such a constitution, it is possible to freely adjust the step
such that a thickness of the step becomes equal to or more
than a film thickness of the metal counter electrode CTM and
hence, it is possible to easily realize the optimization of the
transmissive region and the reflective region.

[0253] In this embodiment, the step is formed using the
insulation film GI. Further, this embodiment obtains an
advantageous effect that the step formed by the insulation
film can be formed independently from a shape of the metal
electrode. Accordingly, as shown in FIG. 25(a), an end por-
tion of the G is formed in a shape similar to the shape of the
metal counter electrode CTM shown in FIG. 24(a). Accord-
ingly, it is possible to adopt a concept of the embodiment 23
$0 as to obtain the advantageous effect of the embodiment 23.
Further, it is no more necessary to use the end portion of the
metal counter electrode CTM in the formation of the step and
hence, the end portion of the metal counter electrode CTM
can be optimized for other purpose.

[0254] For example, FIG. 25(a) shows an example which
aims at the enhancement of a yield ratio by arranging the end
portion of the metal counter electrode CTM parallel to the
GL.

[0255] Further, FIG. 26 corresponds to FIG. 25(a) and
shows an example in which the metal counter electrode CTM
is used as a light shielding layer in the transmissive region,
and by extending this region to the transmissive region side
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than the stepped portion, the step portion is shielded from
light thus eliminating the domain more efficiently.

[0256] Tt is needless to say that the above-mentioned
respective embodiments may use the respective concepts in a
single form or in combination. This is because that the expla-
nation made in a separated manner for respective embodi-
ments is made for facilitating the explanation and the under-
standing of the invention by those who are skilled in the art.
[0257] Further, by constituting a monitor, a TV receiver set,
a mobile phone or the like using such a display device, it is
possible to realize the enhancement of the display perfor-
mance of the monitor, the TV receiver set or the mobile
phone.

[0258] As has been clearly understood from the above-
mentioned explanation, according to the liquid crystal display
device of the present invention, it is possible to realize the
display device which exhibits the wide viewing angle and the
high-speed response. Further, it is possible to realize the
high-quality display device which possesses the transmissive
region and the reflective region in combination with the wide
viewing angle.

INDUSTRIAL APPLICABILITY

[0259] The present invention is applicable to the display
device as described above and can be put into practice in a
display manufacturing industry, and more particularly, in a
liquid crystal display device manufacturing industry.

1-8. (canceled)

9. A display device comprising:

on one substrate out of a pair of substrates which are

arranged to face each other with liquid crystal there
between pixel electrodes and counter electrodes are
formed;

wherein video signals are supplied to each of the pixel

electrodes;

wherein the counter electrode generates an electric field

between the counter electrode and the pixel electrode;
wherein the display device includes transmissive regions
and reflective regions;

wherein an uppermost layer electrode is formed as an

upper portion of one of the counter electrode and the
pixel electrode;

wherein a distance from the substrate to the uppermost

layer electrode is set larger in the reflective regions than
in the transmissive regions, and

wherein a planar distance between the uppermost layer

electrodes is setlarger in the transmissive regions than in
the reflective regions.

10. A display device according to claim 9, wherein the
display device includes a counter electrode made of a trans-
parent conductor which extends between the transmissive
region and the reflective region, the display device includes a
counter electrode made of metal which is formed in the reflec-
tive region, and the display device includes a pixel electrode
formed of a transparent electrode which is formed on an
uppermost layer and is spaced apart from the counter elec-
trode by way of an insulation film.

11. A display device according to claim 9, wherein the
display device includes a pixel electrode made of a transpar-
ent conductor which extends between the transmissive region
and the reflective region, the display device includes a pixel
electrode made of metal which is formed in the reflective
region, and the display device includes a counter electrode
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formed of a transparent electrode which is formed on an
uppermost layer and is spaced apart from the pixel electrode
by way of an insulation film.

12. A display device according to claim 9, wherein a
boundary between the transmissive region and the reflective
region exists in the inside of the display region.

13. A display device according to claim 12, wherein an
initial orientation direction of the liquid crystal is substan-
tially parallel to the extending direction of the boundary
between the transmissive region and the reflective region.

14. A display device according to claim 12, wherein the
boundary between the transmissive region and the reflective
region is covered with the uppermost layer electrode.

15. A display device according to claim 14, wherein the
uppermost layer electrode which covers the boundary
between the transmissive region and the reflective region sets
a transmissive-region-side width thereof larger than a reflec-
tive-region-side width thereof.
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16. A display device according to claim 15, wherein the
uppermost layer electrode which covers the boundary
between the transmissive region and the reflective region sets
the width thereof larger than a sum of a distance between the
uppermost layer electrodes in the transmissive region and a
distance between the uppermost electrodes in the reflective
region.

17. A display device according to claim 15, wherein the
uppermost layer electrode which covers the boundary
between the transmissive region and the reflective region sets
the transmissive-region-side width thereof larger than a dis-
tance between the electrodes in the transmissive region and
sets the reflective-region-side width thereof larger than a dis-
tance between the electrodes in the reflective region.

18-20. (canceled)
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