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(57) ABSTRACT

A transverse electric field-type liquid crystal display device
displays by rotating homogeneous-aligned liquid crystals by
a transverse electric field substantially parallel to a substrate,
applied across a pixel electrode and a common electrode,
assuring sufficient storage capacitance while enlarging the
area of driving the liquid crystal molecules in a sub pixel. A
source pixel electrode connected to a source electrode
extends along the data line, a storage capacitance electrode
formed by the same layer as the data line is formed above an
adjacent scan line so as to overlap the adjacent scan line, the
source pixel electrode is disposed so as to be connected to the
storage capacitance electrode and a pixel along one side, an
interlayer film is formed over the source pixel electrode, and
a pixel electrode and a common electrode formed by a trans-
parent conductive film are formed over the interlayer film.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and, more particularly, to an active-matrix-type
liquid crystal display device in which liquid crystal molecules
are driven with an electric field substantially perpendicular to
a thin film transistor substrate.

BACKGROUND ART

[0002] A liquid crystal display device of a TN (Twisted
Nematic) type being widely used has high contrast but, on the
other hand, has a problem of high visual angle dependence
since the molecular axis of the liquid crystal rises due to the
vertical electric field. Since demand for a large-sized monitor
of a TV or the like is increasing in recent years, a so-called
transverse-electric-field-type liquid crystal panel such as the
IPS (In-Plane Switching) type or FFS type is being spread, in
which an electric field substantially parallel to a substrate for
which thin film transistors (hereinafter, called TFTs) are pro-
vided is applied to liquid crystal molecules to drive the mol-
ecules. A transverse-electric-field-type liquid crystal display
panel of, for example, the IPS type has a plurality of pixel
electrodes substantially parallel to a data line or scan line on
a substrate, and a common electrode which is paired with the
pixel electrodes. By an electric field substantially parallel to
the substrate formed between the pixel electrodes and the
common electrode, the liquid crystal molecules are turned in
a plane parallel to the substrate, thereby controlling display.
By driving the liquid crystal molecules in this manner, the
visual angle dependency with respect to the rise angle of the
molecular axis is eliminated. The visual angle characteristic
is more advantageous as compared with that of the TN type.
[0003] In such a liquid crystal display device, it is prefer-
able to drive liquid crystal molecules in a wider range. For
example, patent literature 1 discloses a technique of driving a
liquid crystal material in a wider area, provided as a layer
between a substrate for which a TFT is provided and an
opposed substrate which is opposed to the substrate and has a
color filter. In the patent literature 1, for example, a technique
of shortening the interval of neighboring pixel electrodes to
be smaller than the limit determined by the conventional
process margin and preventing short-circuit of the neighbor-
ing pixel electrodes. Patent literature 2 discloses a liquid
crystal display device of a transverse electric field type with
improved brightness by disposing a pixel electrode and an
opposed electrode substantially parallel to a scan line, making
adata line and a source pixel electrode adjacent to each other,
and forming a storage capacitance electrode on the scan line
(FIG. 10). On the other hand, patent literature 3 discloses s
liquid crystal display device of the transverse electric field
type with improved aperture ratio in which a scan line and a
data line are covered with a common electrode via an inter-
layer insulating film.

Patent Literature 1: Japanese Unexamined Patent Application
Publication No. 2004-212436

Patent Literature 2: Japanese Unexamined Patent Application
Publication No. 2002-122876

Patent Literature 3: Japanese Unexamined Patent Application
Publication No. 2004-062145

SUMMARY OF THE INVENTION

[0004] Inthe patent literature 1, to generate an electric field
substantially parallel to a substrate, a pixel electrode and a
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common electrode have to be disposed on the substrate. For
example, between a data line and the pixel electrode, a cleat-
ance has to be provided to prevent a delay in transmission of
a data signal. The electrode has to be disposed apart from the
data line for the clearance, the range of driving the liquid
crystal molecules cannot be widened in the sub pixel, and it
causes a problem that the aperture ratio cannot be increased.
[0005] In the patent literature 2, in a liquid crystal display
device of a transverse electric field type, between a data line
and a pixel electrode, a clearance has to be provided to prevent
a delay in transmission of a data signal. For example, in the
liquid crystal display device, the data line and the pixel elec-
trode are in the same layer, so that the connecting part of the
pixel electrode has to be disposed apart from the data line, and
there is a problem such that the range of driving the liquid
crystal molecules cannot be widened in the sub pixel.
[0006] On the other hand, in the patent literature 3, the
storage capacitance is generated between the pixel electrode
and the common electrode line and between the pixel elec-
trode and the common electrode in the liquid crystal display
device. Since the storage capacitance is generated on the short
side of a pixel in structure, large area cannot be assured, and
there is a problem such that sufficient storage capacitance
cannot be assured.

[0007] The present invention has been made in consider-
ation of the above circumstances and an object of the inven-
tion is to sufficiently assure storage capacitance while enlarg-
ing an area of driving liquid crystal molecules in a sub pixel.
[0008] To solvethe problem, the present invention provides
a liquid crystal display device of a transverse electric field
type performing display by rotating horizontal-aligned liquid
crystals by a transverse electric field which is applied across
a pixel electrode and a common electrode and is substantially
parallel to a substrate, including: a substrate having a plurality
of data lines disposed in parallel and a plurality of scan lines
disposed substantially perpendicular to the data lines and in
parallel to one another, and having thin film transistors cor-
responding to respective sub pixels aligned in a matrix sur-
rounded by the data lines and the scan lines and disposed
around intersections between the data lines and the scan lines;
an electric potential supply line extending along the data line
in asub pixel region and connected to a source electrode of the
thin film transistor; and a storage capacitance electrode con-
tinued to the electric potential supply line, disposed above the
scan line via an insulating layer, and generating capacitance
between the scan line and itself. The pixel electrode has pixel
electrode first parts and a pixel electrode second part, the pixel
electrode first parts are disposed in a layer upper than the
electric potential supply line in the sub pixel region and
linearly formed in substantially parallel to the scan line, the
pixel electrode second part is continued to the pixel electrode
first parts, formed in parallel to the data line, and connected to
the electric potential supply line, the common electrode has
common electrode first parts and a common electrode second
part, the common electrode first parts are aligned opposed to
the pixel electrode first parts, apart from the pixel electrode
first parts at same distance, and generate an electric field
substantially parallel to the substrate, and the common elec-
trode second part is continued to the common electrode first
parts and provided above the storage capacitance electrode
via an insulating film.

[0009] The present invention also provides a liquid crystal
display device of a transverse electric field type performing
display by rotating horizontal-aligned liquid crystals by a
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transverse electric field which is applied across a pixel elec-
trode and a common electrode and is substantially parallel to
a substrate, including: a substrate having a plurality of data
lines disposed in parallel and a plurality of scan lines disposed
substantially perpendicular to the data lines and in parallel to
one another, and having thin film transistors corresponding to
respective sub pixels aligned in a matrix surrounded by the
data lines and the scan lines and disposed around intersec-
tions between the data lines and the scan lines; an electric
potential supply line extending along the data line in a sub
pixel region and connected to a source electrode of the thin
film transistor; and a storage capacitance electrode continued
to the electric potential supply line, disposed above the scan
line via an insulating layer, and generating capacitance
between the scan line and itself. The pixel electrode expands
in a plane shape above the electric potential supply line within
the sub pixel region and is connected to the electric potential
supply line, the common electrode has common electrode
first parts and a common electrode second part, the common
electrode first parts are aligned facing the pixel electrode
above the pixel electrode via an insulating layer and generate,
between the pixel electrode and themselves, an electric field
substantially parallel to the substrate, and the common elec-
trode second part is continued to the common electrode first
parts and provided above the storage capacitance electrode
via an insulating film.

[0010] Further, the present invention provides a liquid crys-
tal display device of a transverse electric field type perform-
ing display by rotating horizontal-aligned liquid crystals by a
transverse electric field which is applied across a pixel elec-
trode and a common electrode and is substantially parallel to
a substrate, including: a substrate having a plurality of data
lines disposed in parallel and a plurality of scan lines disposed
substantially perpendicular to the data lines and in parallel to
one another, and having thin film transistors corresponding to
respective sub pixels aligned in a matrix surrounded by the
data lines and the scan lines and disposed around intersec-
tions between the data lines and the scan lines; an electric
potential supply line extending along the data line in the sub
pixel region and connected to a source electrode of the thin
film transistor; and a storage capacitance electrode continued
to the electric potential supply line, disposed above the scan
line via an insulating layer, and generating capacitance
between the scan line and itself. The common electrode
expands in a plane shape above the electric potential supply
line in the sub pixel region and is connected to the electric
potential supply line, the pixel electrode has pixel electrode
first parts and a pixel electrode second part, the pixel electrode
first parts are aligned facing the common electrode above the
common electrode via the insulating layer and generate,
between the common electrode and themselves, an electric
field substantially parallel to the substrate, and the pixel elec-
trode second part is continued to the pixel electrode first parts
and provided above the electric potential supply line via an
insulating film.

[0011] According to the present invention, when viewed
from a direction perpendicular to the substrate, the pixel
electrode or the common electrode can be disposed closer to
the data line side, and while generating an electric field for
driving liquid crystal molecules more widely in the sub pixel,
the storage capacitance can be sufficiently assured.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1isaplanview illustrating the configuration of
one sub pixel in a liquid crystal display device as a first
embodiment of the present invention.

[0013] FIG. 2 is a cross section taken along line A-A' of
FIG. 1, illustrating the liquid crystal display device as the first
embodiment of the invention.

[0014] FIG. 3is across section of a substrate, taken along a
plane substantially perpendicular to the extension direction of
the data line in the liquid crystal display device as the first
embodiment of the invention.

[0015] FIG. 4is an explanatory diagram illustrating a mode
of arranging three sub pixels of FIG. 1 in the liquid crystal
display device as the first embodiment of the invention.
[0016] FIG. 5isaplanview illustrating the configuration of
one sub pixel in a liquid crystal display device as a second
embodiment of the present invention.

[0017] FIG. 6 is a cross section taken along line A-A' in
FIG. 5 of the liquid crystal display device as the second
embodiment of the present invention.

[0018] FIG. 7isaplan view illustrating the configuration of
one sub pixel in a liquid crystal display device as a third
embodiment of the present invention.

[0019] FIG. 8 is a cross section taken along line A-A' of
FIG. 7, of the liquid crystal display device as the third
embodiment of the present invention.

[0020] FIG. 9 is a cross section of a substrate, taken along
plane perpendicular to the extension direction of a data line in
the liquid crystal display device as the third embodiment of
the present invention.

[0021] FIG. 10 is a plan view of a conventional liquid
crystal display device.

DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0022] Embodiments of the present invention will be
described.

First Embodiment
[0023] As illustrated in FIG. 1, in a liquid crystal display

device, a plurality of data lines 1 are disposed in parallel to
one another on a transparent substrate (first substrate). A
plurality of scan lines 2 are disposed substantially perpen-
dicular to the data lines 1. By the plurality of data lines 1 and
the scan lines 2, a plurality of sub pixel regions arranged in a
matrix are defined.

[0024] A gate electrode is provided on the scan line 2 near
a part crossing the data line 1, and the drain electrode is
connected from the data line 1 crossing the scan line 2. With
such a structure, a thin film transistor can be formed near the
crossing part of the data line 1 and the scan line 2.

[0025] On one of the sides of the data line 1, a source pixel
electrode (an electric potential supply line connected to the
source electrode) is disposed along the data line 1, and the
source electrode of the TFT is connected to the source pixel
electrode

[0026] Pixel electrodes are disposed in a layer upper than
the source pixel electrode 9 and formed in a comb-teeth
shape.

[0027] For example, the pixel electrode is constructed by a
plurality of first parts 3 (first parts of a pixel electrode) sub-
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stantially parallel to the scan lines, and a second part 4 (a
second part of the pixel electrode) continued to the first parts
3.

[0028] Incorrespondence to the pixel electrode, a common
electrode also has a plurality of first parts 5 (first parts of the
common electrode) substantially parallel to the scan lines,
and third and second parts 7 and 6 (third and second parts of
a common electrode) continued to the first parts 5.

[0029] The first parts 5 of the common electrode and the
first parts 3 of the pixel electrode are disposed at predeter-
mined intervals and can generate an electric field substan-
tially parallel to the substrate.

[0030] The pixel of the first embodiment illustrated in
FIGS. 1 and 2 will be described in detail in fabricating order.
[0031] First, on a glass substrate as a first insulating sub-
strate 12, the scan line 2 is formed by a first metal layer made
by 2500 A of Cr.

[0032] As a gate insulating film 13, 5000 A of SiNx and a
thin film semiconductor layer made of 2000 A of a-Siand 500
A of n-a-Si are formed. A thin film semiconductor layer 10 is
patterned while leaving only a TFT part provided as a switch-
ing element of the pixel. By a second metal layer made by
2500 A of Cr, the data line 1, source/drain electrodes of the
TFT, the source pixel electrode 9 connected to the source
electrode of the TFT, and a storage capacitance electrode 8 are
formed.

[0033] Using the source/drain electrodes of the TFT as a
mask, n-a-Si in the TFT channel part is removed.

[0034] 6000 A of SiNx is formed as a protection insulating
film 14, and a through hole 25 for connecting the pixel elec-
trode is formed.

[0035] On the protection insulating film 14, a pattern is
formed by a transparent electrode made by 800 A of 1TO,
which is made of the first part 3 of the pixel electrode, the
second part 4 connecting the first parts of the pixel electrodes,
the first part 5 of the common electrode, the second part 6 of
the common electrode which shields the data line, and the
third part 7 of the common electrode which shields the data
line. The pixel electrode made by ITO is connected to the
source pixel electrode 9 formed by the second metal layer via
the through hole 25 in the second part 4.

[0036] A TFT array is formed according to the above-de-
scribed method.

[0037] Subsequently, a method of manufacturing a color
filter substrate will be described. On the back face of a second
transparent insulating substrate 22, 200 A of an ITO film 23 is
formed. A black matrix 34 is formed on the surface and, after
that, a pattern is formed in order of a green (G) layer 19, ared
(R) layer 20, and a blue (B) layer 21. Further, an overcoat
layer 18 is formed and, on the overcoat layer 18, a pillar
spacer 35 is formed.

[0038] Alignment films 15 and 16 are formed on the surface
of the array substrate and the surface of the color filter sub-
strate fabricated as described above, and rubbing process is
performed in the direction 0f32. The substrates are adhered to
each other, a liquid crystal material is injected in the space
between the substrates, and the resultant is sealed. Liquid
crystals 17 are aligned in the direction of an initial alignment
32 of'the liquid crystals.

[0039] Further, on the outer sides of the glass substrates on
both sides, polarizers 11 and 24 are adhered so that their
polarization axes are orthogonal to each other. The direction
of the absorption axis of the incident-side polarizer on the
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TFT array substrate side is matched with the direction of the
initial alignment of the liquid crystals.

[0040] By providing the liquid crystal display panel fabri-
cated as described above with a backlight and a drive circuit,
an active matrix liquid crystal display device of the transverse
electric field type of the first embodiment is completed.

[0041] Thefirstpart 3 ofthe pixel electrode and the first part
5 of the common electrode constructing the comb-shaped
electrode, and the second part 6 of the common electrode
shielding the scan line are formed substantially in parallel to
one another and are bent in a center part of the pixel. The right
halfofthe first part 3 of the pixel electrode tilts only by 8 in the
clockwise direction from the liquid crystal alignment direc-
tion, and the lower part of the left half tilts only by -6.

[0042] Since the scan line 2 and the pixel electrodes 3 and
the common electrodes 5 constructing the comb-shaped elec-
trode extending in the extension direction of the scan line 2
are bent symmetrically with respect to the liquid crystal align-
ment direction, the electric field in the direction turned from
the perpendicular direction (the extension direction of the
dataline) only by 6 in the clockwisedirection is applied on the
right half side in the diagram of the pixel. and the electric field
in the direction turned from the perpendicular direction only
by 6 in the counterclockwise direction is applied on the left
half side in the diagram of the pixel.

[0043] By theelectric fields, the liquid crystal molecules on
the right and left sides of the pixel turn in the opposite direc-
tions. The liquid crystal molecules optically compensate with
one another, so that a wide view angle characteristic without
tone inversion and coloring can be obtained. In the embodi-
ment, 0 is set to 15°.

[0044] The source pixel electrode 9 made by the second
metal layer which is the same as the data line 1 extends along
the data line 1 and is connected to the storage capacitance
electrode § made by the second metal layer formed on the
scan lines 2 which are neighboring each other and serving as
sides of the sub pixel.

[0045] The storage capacitance electrode 8 made by the
second metal layer formed on the scan line 2 generates
capacitance between the scan line 2 and itself and functions as
a storage capacitor.

[0046] The storage capacitance electrode 8 is covered also
with the second part 6 of the common electrode, so that
storage capacitance is formed also between the storage
capacitance electrode 8 and the second part 6 of the common
electrode. With the configuration, larger storage capacitance
can be formed in small area.

[0047] Preferably, the storage capacitance electrode 8
made by the second metal layer is wider than the scan line 2
and covers the scan line 2. In such a manner, the storage
capacitance electrode 8 made by the second metal layer has
the same potential as that of the pixel electrode 3, and the
function of shielding the electric field from the scan line 2.
Consequently, the second part 6 of the common electrode
shielding the scan line 2 does not have to be so wide.

[0048] In the case where there is no storage capacitance
electrode 6 made by the second metal layer, the common
electrode 6 for shielding the electric field of the scan line 2 has
to be projected from the edge of the scan line 2 by 7 um. By
covering the scan line 2 with the storage capacitance elec-
trode 8 made by the second metal layer, the width of the
projection can be reduced to 6 um.
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[0049] From the above description, it is understood that by
applying the first invention of the application, high aperture
ratio can be obtained in a sub pixel which is long in the scan
line direction.

[0050] By providing the pixel electrode above the source
pixel electrode 9 as illustrated in FIG. 3, the pixel electrode
can be disposed closer to the data line 1 side, and the electric
field for driving the liquid crystal can be generated in a wider
area.

[0051] By making the source pixel electrode 9 connected to
the source electrode of the thin film transistor extend along
the data line 1, the source pixel electrode 9 is formed in the
short side of the sub pixel, and the length can be minimized,
so that the area of the part can be also minimized. As a result,
the aperture ratio can be improved.

[0052] By forming the source pixel electrode 9 and the
storage capacitance electrode 8 in a substantially [ shape, the
aperture ratio can be increased.

[0053] In the pixel structure, the entire common electrode
potential is generated by the ITO film in the uppermost layer.
By forming the ITO in the uppermost layer in a matrix, it is
connected to the common electrode potential in the periphery.
In the sub pixel, there is no electrode connected to the com-
mon electrode potential in the other layers. Since an electrode
which disturbs improvement in the aperture ratio does not
have to be formed, the aperture ratio can be improved.
[0054] With such a configuration, without forming an extra
electrode which disturbs improvement in the aperture ratio,
sufficiently large storage capacitance can be formed in a small
area, and the electric field from the scan line 2 and the data
line 1 can be sufficiently shielded. Consequently, the excel-
lent liquid crystal display with high aperture ratio and high
transmissivity can be obtained.

[0055] FIG. 4 illustrates an example of forming one pixel
by arranging, along the extension direction of the data line,
three sub pixels shown in FIG. 1. The three sub pixels corre-
spond to the color layer 20 of R, the color layer 19 of G, and
the color layer 21 of B. Like in the case of disposing the sub
pixels of R, G, and B so that they are connected to the same
data line, the pixel structure having sub pixels which are
horizontally long has high aperture ratio. By connecting the
sub pixels of R, G, and B to the same data line, the number of
driver ICs for driving the data line can be decreased, and the
liquid crystal display device can be fabricated at lower cost.
[0056] By disposing the black matrix 34 in the extension
direction of the data line, the part near the data line 1 and
opposed to the TFT is shielded. As a pattern in which the color
layers of R, G and B extend in the extension direction of the
scan line 2, at the border of the color layers, a color-overlap
shieldpart 36 is disposed so that the color layers of about 6 um
overlap. Since the part above the scan line 2 is shielded with
the storage capacitance electrode 8 made by the second metal
layer and the third part 6 of the common electrode formed of
ITO, the liquid crystal is not moved by the electric field from
the scan line 2. Consequently, it is unnecessary to increase the
light shield performance so much. By setting the width of the
color-overlap shield part 36 to 6 um, mixture of colors
between the color layers can be prevented and the light shield
part does not extend to the opening part. Thus, high transmis-
sivity can be maintained.

Second Embodiment

[0057] A second embodiment of the present invention will
be described with reference to FIGS. 5 and 6. FIG. 5 1s a plan
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view illustrating the configuration of one sub pixel in a liquid
crystal display device as a second embodiment of the present
invention. FIG. 6 is a cross section taken along line A-A' of
HGS.

[0058] The pixel of the second embodiment illustrated in
FIGS. 5 and 6 will be described in detail in fabricating order.
[0059] First, on a glass substrate as the first insulating sub-
strate 12, the scan line 2 is formed by a first metal layer made
by 2500 A of Cr.

[0060] As the gate insulating film 13, 5000 A of SiNx and a
thin film semiconductor layer made of 2000 A of a-Siand 500
A of n-a-Si are formed. The thin film semiconductor layer 10
is patterned while leaving only a TFT part provided as a
switching element of the pixel. By a second metal layer made
by 2500 A of Cr, the data line 1, source/drain electrodes of the
TFT, the source pixel electrode 9 connected to the source
electrode of the TFT, and the storage capacitance electrode 8
are formed.

[0061] Using the source/drain electrodes of the TFT as a
mask, n-a-Si in the TFT channel part is removed.

[0062] Subsequently. a pixel electrode 41 having a plane
shape is formed by 800 A of a transparent electrode made of
ITO.

[0063] As the protection insulating film 14, 6000 A of SiNx
is formed. The through hole 25 connecting the pixel electrode
is formed.

[0064] On the protection insulating film 14, a pattern is
formed by a transparent electrode made by 800 A of 1TO,
which is made of the first part 5 of the common electrode, the
second part 6 of the common electrode shielding the scan line,
and the third part 7 of the common electrode shielding the
data line.

[0065] A TFT array is formed according to the above-de-
scribed method.

[0066] Subsequently, a method of manufacturing a color
filter substrate will be described. On the back face of the
second transparent insulating substrate 22, 200 A of the ITO
film 23 is formed. The black matrix 34 is formed on the
surface and, after that, a pattern is formed in order of the green
(G) layer 19, the red (R) layer 20, and the blue (B) layer 21.
Further, the overcoat layer 18 is formed and, on the overcoat
layer 18, the pillar spacer 35 is formed.

[0067] The alignment films 15 and 16 are formed on the
surface of the array substrate and the surface of the color filter
substrate fabricated as described above, and rubbing process
is performed in the direction of 32. The substrates are adhered
to each other, a liquid crystal material is injected in the space
between the substrates, and the resultant is sealed. The liquid
crystals 17 are aligned in the direction of the initial alignment
32 of the liquid crystals.

[0068] Further, on the outer sides of the glass substrates on
both sides, the polarizers 11 and 24 are adhered. The direction
of the absorption axis of the incident-side polarizer on the
TFT array substrate side is matched with the direction of the
initial alignment 32 of the liquid crystals.

[0069] By providing the liquid crystal display panel fabri-
cated as described above with a backlight and a drive circuit,
an active-matrix liquid crystal display device of the transverse
electric field type of the second embodiment is completed.
[0070] The first part 5 of the common electrode and the
second part 6 of the common electrode shielding the scan line
are formed substantially in parallel to each other and are bent
in a center part of the pixel. Since the scan lines 2 and the
common electrodes 5 constructing the comb-shaped elec-
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trode extending in the extension direction of the scan line are
bent symmetrically with respect to the liquid crystal align-
ment direction, across the pixel electrode 41 and the common
electrodes 5, a fringe electric field in the direction turned from
the perpendicular direction (the extension direction of the
dataline) only by 6 in the clockwise direction is applied on the
right half'side in the diagram ofthe pixel, and the electric field
in the direction turned from the perpendicular direction only
by 6 in the counterclockwise direction is applied on the left
half side in the diagram of the pixel.

[0071] By theelectric fields, the liquid crystal molecules on
the right and left sides of the pixel turn in the opposite direc-
tions. The liquid crystal molecules optically compensate with
one another, so that a wide view angle characteristic without
tone inversion and coloring can be obtained. In the embodi-
ment, 0 is set to 8°.

[0072] The source pixel electrode 9 made by the second
metal layer which is the same as the data line 1 extends along
the data line 1 and is connected to the storage capacitance
electrode 8§ made by the second metal layer formed on the
scan lines 2 which are neighboring each other and serving as
sides of the sub pixel.

[0073] By making the source pixel electrode 9 connected to
the source electrode of the thin film transistor extend along
the data line 1, the source pixel electrode 9 is formed in the
short side of the sub pixel, and the length can be reduced the
most, so that the area of the part can be minimized. It can
improve the aperture ratio.

[0074] The storage capacitance electrode 8 made by the
second metal layer formed on the scan line 2 generates
capacitance between the scan line 2 and itself and functions as
a storage capacitor.

[0075] The storage capacitance electrode 8 is covered also
with the second part 6 of the common electrode, so that
storage capacitance is formed also between the storage
capacitance electrode 8 and the third part 6 of the common
electrode. With the configuration, larger storage capacitance
can be formed in small area.

[0076] Preferably, the storage capacitance electrode 8
made by the second metal layer is wider than the scan line 2
and covers the scan line 2. In such a manner, the storage
capacitance electrode 8 made by the second metal layer has
the same potential as that of the pixel electrode 41, and the
function of shielding the electric field from the scan line 2.
Consequently, the second part 6 of the common electrode
shielding the scan line 2 does not have to be so wide.

[0077] In the case where there is no storage capacitance
electrode 8 made by the second metal layer, the common
electrode 6 for shielding the electric field of the scan line 2 has
to be projected from the edge of the scan line 2 by 7 um. By
covering the scan line 2 with the storage capacitance elec-
trode 8 made by the second metal layer, the width of the
projection can be reduced to 6 pm.

[0078] The third part 7 of the common electrode which
shields the data line 1 is formed so as to shield the region
between the data line 1 and the source pixel electrode 9 made
by the second metal layer. Consequently, the liquid crystal is
deformed by the electric field applied across the data line 1
and the pixel electrode 41, and a cross talk can be suppressed
by light leakage from the deformed part.

[0079] The pillar spacer 35 is disposed in a position which
is on the black matrix of the sub pixel of B and is in contact
with a part near the source pixel electrode 9 on the array
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substrate. In such a manner, high aperture ratio can be main-
tained without exerting influence on the aperture.

[0080] As described above, by applying the second inven-
tion of the present application, high aperture ratio can be
obtained in a sub pixel which is long in the scan line direction.
[0081] In the pixel structure, the entire common electrode
potential is generated by the ITO film in the uppermost layer.
By forming the ITO in the uppermost layer in a matrix, it is
connected to the common electrode potential in the periphery.
In the sub pixel, there is no electrode connected to the com-
mon electrode potential in the other layers. Since an electrode
which disturbs improvement in the aperture ratio does not
have to be formed, the aperture ratio can be improved.
[0082] With such a configuration, without forming an extra
electrode which disturbs improvement in the aperture ratio,
sufficiently large storage capacitance can be formed in a small
area, and the electric field from the scan line 2 and the data
line 1 can be sufficiently shielded. Consequently, the excel-
lent liquid crystal display with high aperture ratio and high
transmissivity can be obtained.

Third Embodiment

[0083] A third embodiment of the present invention will be
described with reference to FIGS. 7, 8, and 9. FIG. 7is a plan
view illustrating the configuration of one sub pixel in a liquid
crystal display device as a third embodiment of the present
invention. FIG. 8 is a cross section of a TFT substrate, taken
along line A-A'in FIG. 7.

[0084] The pixel of the second embodiment illustrated in
FIGS. 7 to 9 will be described in detail in fabricating order.
[0085] First, on a glass substrate as the first insulating sub-
strate 12, the scan line 2 is formed by a first metal layer made
by 2500 A of Cr.

[0086] As the gate insulating film 13, 5000 A of SiNx and a
thin film semiconductor layer made of 2000 A of a-Siand 500
A of n-a-Si are formed. The thin film semiconductor layer 10
is patterned while leaving only a TFT part provided as a
switching element of the pixel. By a second metal layer made
by 2500 A of Cr, the data line 1, source/drain electrodes of the
TFT, the source pixel electrode 9 connected to the source
electrode of the TFT, and the storage capacitance electrode 8
are formed.

[0087] Using the source/drain electrodes of the TFT as a
mask, n-a-Si in the TFT channel part is removed.

[0088] As the protection insulating film 14, 6000 A of SiNx
is formed.
[0089] On the protection insulating film 14, a plane-shaped

common electrode 43 is formed by a transparent electrode
made 0of800 A of ITO. In the plane-shaped common electrode
43, a through hole 44 for connecting a pixel electrode is
formed.

[0090] As asecond protection insulating film 45, 3000 A of
SiNx is formed.

[0091] The through hole 25 is formed in the gate insulating
film 13, the protection insulating film 14, and the second
protection insulating film 45.

[0092] Further, on the resultant, a pattern made of a plural-
ity of stripe-shaped pixel electrodes 42 and the second part 46
of the pixel electrode coupling the pixel electrodes 42 is
formed by a transparent electrode made of 800 A of ITO. The
pattern is connected to the source pixel electrode 9 via the
through holes 25 and 44 in the second part 46 of the pixel
electrode.
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[0093] A TFT array is formed according to above-de-
scribed method.

[0094] A method of manufacturing a color filter substrate
will be described (refer to FIG. 4). On the back face of the
second transparent insulating substrate 22, 200 A of the ITO
film 23 is formed. The black matrix 34 is formed on the
surface and, after that, a pattern is formed in order of the green
(G) layer 19, the red (R) layer 20, and the blue (B) layer 21.
Further, the overcoat layer 18 is formed and, on the overcoat
layer 18, the pillar spacer 35 is formed.

[0095] The alignment films 15 and 16 are formed on the
surface of the array substrate and the surface of the color filter
substrate fabricated as described above, and rubbing process
is performed in the direction of 32. The substrates are adhered
to each other, a liquid crystal material is injected in the space
between the substrates, and the resultant is sealed. The liquid
crystals 17 are aligned in the direction of the initial alignment
32 of'the liquid crystals.

[0096] Further, the polarizers 11 and 24 are adhered on the
outer sides of the glass substrates on both sides so that polar-
ization axes are orthogonal to each other. The direction of the
absorption axis of the incident-side polarizer on the TFT array
substrate side is matched with the direction of the initial
alignment 32 of the liquid crystals.

[0097] By providing the liquid crystal display panel fabri-
cated as described above with a backlight and a drive circuit,
an active-matrix liquid crystal display device of the transverse
electric field type of the third embodiment is completed.
[0098] Since the scan lines 2 and the stripe-shaped pixel
electrodes 42 extending in the extension direction of the scan
lines 2 are bent symmetrically with respect to the liquid
crystal alignment direction, across the stripe-shaped pixel
electrodes 42 and the plane-shaped common electrode 43, a
fringe electric field in the direction turned from the perpen-
dicular direction (the extension direction of the data line) only
by 6 in the clockwise direction is applied on the right half side
in the diagram of the pixel, and the electric field in the direc-
tion turned from the perpendicular direction only by 6 in the
counterclockwise direction is applied on the left half side in
the diagram of the pixel.

[0099] By the electric fields, the liquid crystal molecules on
the right and left sides of the pixel turn in the opposite direc-
tions. The liquid crystal molecules optically compensate with
one another, so that a wide view angle characteristic without
tone inversion and coloring can be obtained. In the embodi-
ment, 0 is set to 8°.

[0100] The source pixel electrode 9 made by the second
metal layer which is the same as the data line 1 extends along
the data line 1 and is connected to the storage capacitance
electrode 8§ made by the second metal layer formed on the
scan lines 2 which are neighboring each other and serving as
sides of the sub pixel.

[0101] By making the source pixel electrode 9 connected to
the source electrode of the thin film transistor extend along
the data line 1, the source pixel electrode 9 is formed in the
short side of the sub pixel, and the length can be reduced the
most, so that the area of the part can be minimized. It can
improve the aperture ratio.

[0102] The storage capacitance electrode 8 made by the
second metal layer formed on the scan line 2 generates
capacitance between the scan line 2 and itself'and functions as
a storage capacitor.

[0103] The storage capacitance electrode 8 is covered also
with the common electrode 43, so that storage capacitance is
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formed also between the storage capacitance electrode 8 and
the common electrode 43. With the configuration, larger stor-
age capacitance can be formed in small area.

[0104] Preferably, the storage capacitance electrode 8
made by the second metal layer is wider than the scan line 2
and covers the scan line 2. In such a manner, the storage
capacitance electrode 8 made by the second metal layer has
the same potential as that of the pixel electrode 41, and the
function of shielding the electric field from the scan line 2.
[0105] As described above, by applying the third invention
of the present application, high aperture ratio can be obtained
in a sub pixel which is long in the scan line direction.
[0106] In the pixel structure, the common electrode poten-
tial is generated by the ITO layer as a component of the
plane-shaped common electrode 43. By forming the common
electrode in a matrix, it is connected to the common electrode
potential in the periphery. In the sub pixel, there is no elec-
trode connected to the common electrode potential in the
other layers. Since an electrode which disturbs improvement
in the aperture ratio does not have to be formed, the aperture
ratio can be improved.

[0107] With such a configuration, without forming an extra
electrode which disturbs improvement in the aperture ratio,
sufficiently large storage capacitance can be formed in a small
area.

[0108] The present invention can be used for an active-
matrix liquid crystal display device of a transverse electric
field type and arbitrary equipment using the liquid crystal
display device as a display device.

What is claimed is:

1. A liquid crystal display device of a transverse electric
field type performing display by rotating horizontal-aligned
liquid crystals by a transverse electric field which is applied
across a pixel electrode and a common electrode and is sub-
stantially parallel to a substrate, comprising:

a substrate having a plurality of data lines disposed in
parallel and a plurality of scan lines disposed substan-
tially perpendicular to the data lines and in parallel to
one another, and having thin film transistors correspond-
ing to respective sub pixels aligned in a matrix sur-
rounded by the data lines and the scan lines and disposed
around intersections between the data lines and the scan
lines;

an electric potential supply line extending along the data
line in the sub pixel region and connected to a source
electrode of the thin film transistor; and

a storage capacitance electrode continued to the electric
potential supply line, disposed above the scan line via an
insulating layer, and generating capacitance between the
scan line and itself,

wherein the pixel electrode has pixel electrode first parts
and a pixel electrode second part,

the pixel electrode first parts are disposed in a layer upper
than the electric potential supply line in the sub pixel
region and linearly formed in substantially parallel to the
scan line,

the pixel electrode second part is continued to the pixel
electrode first parts, formed in parallel to the data line,
and connected to the electric potential supply line,

the common electrode has common electrode first parts
and a common electrode second part,

the common electrode first parts are aligned opposed to the
pixel electrode first parts, apart from the pixel electrode
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first parts at same distance, and generate an electric field
substantially parallel to the substrate, and

the common electrode second part is continued to the com-
mon electrode first parts and provided above the storage
capacitance electrode via an insulating film.

2. The liquid crystal display device according to claim 1,
wherein the electric potential supply line and the storage
capacitance electrode are continued and formed in a substan-
tially L shape around an intersection of the data line and the
scan line.

3. The liquid crystal display device according to claim 1,
wherein the storage capacitance electrode covers the scan
line, and the common electrode second part covers the storage
capacitance electrode.

4. The liquid crystal display device according to claim 1,
wherein an interval of the plurality of data lines is set to be
larger than an interval of the plurality of scan lines.

5. A liquid crystal display device of a transverse electric
field type performing display by rotating horizontal-aligned
liquid crystals by a transverse electric field which is applied
across a pixel electrode and a common electrode and is sub-
stantially parallel to a substrate, comprising:

a substrate having a plurality of data lines disposed in
parallel and a plurality of scan lines disposed substan-
tially perpendicular to the data lines and in parallel to
one another, and having thin film transistors correspond-
ing to respective sub pixels aligned in a matrix sur-
rounded by the data lines and the scan lines and disposed
around intersections between the data lines and the scan
lines;

an electric potential supply line extending along the data
line in the sub pixel region and connected to a source
electrode of the thin film transistor; and

a storage capacitance electrode continued to the electric
potential supply line, disposed above the scan line via an
insulating layer, and generating capacitance between the
scan line and itself,

wherein the pixel electrode expands in a plane shape above
the electric potential supply line within the sub pixel
region and is connected to the electric potential supply
line, the common electrode has common electrode first
parts and a common electrode second part,

the common electrode first parts are aligned facing the
pixel electrode above the pixel electrode via an insulat-
ing layer and generate, between the pixel electrode and
themselves, an electric field substantially parallel to the
substrate, and

the common electrode second part is continued to the com-
mon electrode first parts and provided above the storage
capacitance electrode via an insulating film.

6. The liquid crystal display device according to claim 5,

wherein the electric potential supply line and the storage
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capacitance electrode are continued and formed in a substan-
tially L shape around an intersection of the data line and the
scan line.

7. The liquid crystal display device according to claim 5,
wherein the storage capacitance electrode covers the scan
line, and the common electrode second part covers the storage
capacitance electrode.

8. The liquid crystal display device according to claim 5,
wherein an interval of the plurality of data lines is set to be
larger than an interval of the plurality of scan lines.

9. A liquid crystal display device of a transverse electric
field type performing display by rotating horizontal-aligned
liquid crystals by a transverse electric field which is applied
across a pixel electrode and a common electrode and is sub-
stantially parallel to a substrate, comprising;

a substrate having a plurality of data lines disposed in
parallel and a plurality of scan lines disposed substan-
tially perpendicular to the data lines and in parallel to
one another, and having thin film transistors correspond-
ing to respective sub pixels aligned in a matrix sur-
rounded by the data lines and the scan lines and disposed
around intersections between the data lines and the scan
lines;

an electric potential supply line extending along the data
line in the sub pixel region and connected to a source
electrode of the thin film transistor; and

a storage capacitance electrode continued to the electric
potential supply line, disposed above the scan line via an
insulating layer, and generating capacitance between the
scan line and itself,

wherein the common electrode expands in a plane shape
above the electric potential supply line within the sub
pixel region and is connected to the electric potential
supply line,

the pixel electrode has pixel electrode first parts and a pixel
electrode second part,

the pixel electrode first parts are aligned facing the com-
mon electrode above the common electrode via the insu-
lating layer and generate, between the common elec-
trode and themselves, an electric field substantially
parallel to the substrate, and

the pixel electrode second part is continued to the pixel
electrode first parts and provided above the electric
potential supply line via an insulating film.

10. The liquid crystal display device according to claim 9,
wherein the electric potential supply line and the storage
capacitance electrode are continued and formed in a substan-
tially L shape around an intersection of the data line and the
scan line.

11. The liquid crystal display device according to claim 9,
wherein an interval of the plurality of data lines is set to be
larger than an interval of the plurality of scan lines.
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