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LIQUID CRYSTAL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display apparatus and particularly concerns a liquid crystal
display apparatus using an in plane switching method.

[0002] An active-matrix liquid crystal display apparatus
has been known that has a TFT (TFT: THIN FILM TRAN-
SISTOR) element as a switching element in a display region
constituting a pixel.

[0003] As for the active-matrix liquid crystal display appa-
ratus, a structure has been adopted in which a liquid crystal
layer is inserted between a pair of substrates and is sand-
wiched therebetween. On one of the substrates (TFT sub-
strate), TFT elements, pixel electrodes, electrodes and wir-
ing for a scanning signal and a data signal, and terminals
connecting the wiring and an external driving circuit are
formed. On the other substrate (CF substrate), a color filter
and opposing electrodes are formed. A twist nematic display
method has been adopted in which a longitudinal electric
field is applied to provide display. The longitudinal electric
field is substantially perpendicular to a substrate surface.

[0004] Meanwhile, JP-A-6-160878 specification discloses
a liquid crystal display apparatus using an in plain switching
method as a method for improving a viewing angle and
contrast that have been problems of a liquid crystal display
apparatus. In this method, a common signal electrode is
disposed on a TFT substrate instead of an opposing electrode
disposed on a color filter substrate, and a voltage is applied
between a comb-shaped pixel electrode and the common
signal electrode. Thus, electric field components, which are
substantially in parallel with a surface of the substrate, are
used for providing display.

[0005] The pixel electrode and the common signal elec-
trode may be made of a metallic electrode wiring material.
Further, as disclosed in JP-A-9-73101 specification, the
electrodes may be made of ITO (INDIUM TIN OXIDE),
which is used as a transparent pixel electrode in a twist
nematic display method.

[0006] In the above liquid crystal display apparatus using
an in plain switching method, a leaked electric field that is
unnecessary for its display occurs between signal wiring and
the pixel electrode or the common signal electrode, the
signal wiring being adjacent to the pixel electrode or the
common signal electrode, as well as between the pixel
electrode and the common signal electrode.

[0007] The signal wiring being adjacent to the electrodes
includes scanning signal wiring, which is extended in x
direction and is disposed in parallel in y direction, and data
signal wiring, which is extended in y direction and is
disposed in parallel in x direction.

[0008] It has been known that cross talk resulted from a
leaked electric field drives liquid crystal thereon and causes
leakage of light. Such leakage of light results in a defect in
picture quality (smear) that is a line appearing along the
signal wiring,.

[0009] A means for solving the above problem is specifi-
cally disclosed in, for example, JP-A-6-202127 specifica-
tion.
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[0010] However, the liquid crystal display apparatus is
configured such that a shield electrode for shielding an
electric field is disposed next to the signal wiring and a
reference potential is supplied to the shield electrode from
the outside. Hence, a large current is charged and discharged
to a capacity between the shield electrode and a signal
electrode, thereby overloading a driving circuit.

[0011] Therefore, the liquid crystal display apparatus is
large in power consumption or the driving circuit is too large
in size. Further, connecting means is necessary for applying
a potential to the shield electrode, resulting in a larger
number of steps and a connecting defect.

[0012] Moreover, the above method is seriously disadvan-
tageous as follows: an opening area on a pixel that contrib-
utes to display is reduced by the placement of the shield
electrode, resulting in lower luminance of the liquid crystal
display apparatus.

[0013] Means forsolving the above problem is specifically
disclosed in Japanese Patent Application No. 10-543713
(W098/47044) specification.

[0014] A structure is adopted in which corresponding to
image signal wiring which is adjacent to and in parallel with
a comb-shaped pixel electrode, a reference electrode is
formed while being completely superimposed on a plane via
an organic insulating film formed entirely on a substrate.
Thus, unnecessary electric lines of force that are generated
from the data signal wiring are mostly terminated on the
reference electrode.

[0015] Therefore, it is possible to solve the problem of
cross talk that is caused by electric field leakage peculiar to
an in plane switching method.

[0016] According to the above method, it is possible to
eliminate the necessity for a shield electrode, which has been
conventionally disposed on both sides of the data signal
wiring or on an opposing substrate to reduce cross talk.
Hence, the opening area on a pixel can be increased.

[0017] The liquid crystal layer on the reference electrode
acts as a self-shielding layer and it is possible to eliminate
a light shield film (black matrix), which has been conven-
tionally disposed to cover a gap between the data signal
wiring and the shield electrode. Hence, an aperture ratio of
a pixel can be further increased.

[0018] Also, an organic insulating film, which is provided
as an interlayer film entirely on the substrate, is small in
permittivity as compared with an inorganic insulating film,
and the organic insulating film can be readily increased in
thickness as compared with the inorganic insulating film.
Thus, even in the case where the data signal wiring is
entirely covered with the reference electrode, it is possible
to reduce a parasitic capacity of the wiring formed between
the data signal wiring and the reference electrode.

[0019] Therefore, since a load is lighter with respect to the
data signal wiring, a data signal has smaller delay in
transmission through wiring and a signal voltage can be
sufficiently charged to a display electrode.

[0020] Consequently, it is possible to downsize the driving
circuit for driving the data signal wiring.

[0021] However, the above-mentioned conventional art
has another problem as follows. As described above, when
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a voltage is applied to liquid crystal to provide display, a
potential difference applied between the pixel electrode and
the common signal electrode is used.

[0022] According to the above conventional art, the com-
mon signal electrode serving as a reference electrode is
formed on the top layer via the organic insulating film,
which is entirely formed on the substrate, to reduce a
capacity between the data signal wiring and the common
signal electrode. The pixel electrode is disposed on a lower
layer, so that the organic insulating film is disposed on the
pixel electrode.

[0023] Therefore, between the pixel electrode and the
common signal electrode, the organic insulating film forms
another capacity connected in series with liquid crystal.

[0024] Hence, a potential difference applied between the
pixel electrode and the common signal electrode is partially
reduced by the capacity connected in series with the liquid
crystal layer.

[0025] As a result, between the pixel electrode and the
common signal electrode, in consideration of the voltage
drop, it is necessary to apply a potential difference at or more
than a desired voltage to be applied to liquid crystal.

[0026] Namely, another problem arises as follows: a
capacity component connected in series with the liquid
crystal layer is reduced due to the presence of the organic
insulating film, which is formed to decrease a capacity
between the data signal wiring and the common signal
electrode, resulting in larger voltage drop caused by a
capacity connected in series with liquid crystal. Conse-
quently, liquid crystal requires a larger driving voltage.

[0027] An increase in driving voltage raises power con-
sumption, which is inappropriate particularly for a portable
liquid crystal display apparatus.

[0028] Further, when a driving voltage increases, an inex-
pensive low-voltage driver is not applicable. Hence, it is not
possible to provide a liquid crystal display apparatus at low
cost.

[0029] According to the above conventional art, in the
liquid crystal display apparatus using an in plain switching
method, the common signal electrode serving as a reference
electrode for shielding an electric field is superimposed on
the signal wiring via the interlayer insulating film. In this
structure, it is difficult to reduce a parasitic capacity formed
on a superimposed part of the signal wiring and the common
signal electrode and simultaneously to increase a capacity
connected in series with liquid crystal between the pixel
electrode and the common signal electrode.

[0030] In contrast, when the pixel electrode is disposed on
the organic insulating film, that is, on the top layer where the
common signal electrode is disposed, it is possible to avoid
the above-mentioned increase in driving voltage (Japanese
Patent Application No. 10-543713 (W098/47044) specifi-
cation).

[0031] However, since the pixel electrode and the com-
mon signal electrode are disposed on the same layer, a short
circuit is more likely to occur due to a patterning defect and
so on between the pixel electrode and the common signal
electrode.
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[0032] Accordingly, a large space is required between the
pixel electrode and the common signal electrode, resulting
in a limit on the alignment of the pixel electrode and the
common signal electrode.

[0033] Besides, in order to connect the pixel electrode and
the source electrode of the TFT, it is necessary to form
another through hole on the organic insulating film. Hence,
a point defect is more likely to occur due to a connecting
defect and so on. Also, since the through hole does not act
as an opening, an aperture ratio decreases accordingly.

SUMMARY OF THE INVENTION

[0034] An object of the present invention is to provide an
in plain switching liquid crystal display apparatus, in which
a common signal electrode serving as a reference electrode
for shielding an electric field is superimposed on at least one
of data signal wiring and scanning signal wiring via an
interlayer insulating film, characterized in that it is possible
to reduce a parasitic capacity of signal wiring formed on a
superimposed part of the data signal wiring or the scanning
signal wiring and the common signal electrode and to
increase a capacity connected in series with liquid crystal
between a pixel electrode and a common signal electrode.

[0035] In order to attain the above object, the present
invention is characterized by providing the following mea-
sures for a liquid crystal display apparatus, which includes
a pair of substrates and a liquid crystal layer sandwiched
between the substrates, the pair of substrates including a first
substrate having a plurality of scanning signal wiring, a
plurality of data signal wiring intersecting the scanning
signal wiring in a matrix form, and a plurality of thin-film
transistors formed on the intersections, wherein at least a
single pixel is formed in each region surrounded by the
plurality of scanning signal wiring and data signal wiring,
each pixel includes a common signal electrode, which is
connected to a plurality of pixels via common signal wiring,
and a pixel electrode connected to the corresponding thin-
film transistor, and a voltage applied to the common signal
electrode and the pixel electrode generates in the liquid
crystal layer an electric field having a parallel component
predominantly to the first substrate.

[0036] (1) The common signal electrode and at least
one of the data signal wiring and the scanning signal
wiring are partially superimposed onto each other via
an interlayer insulating film, and the superimposed
part forms a capacity. At least one of insulating films
included in the interlayer insulating film is selec-
tively formed at least on a part of a region on the
pixel electrode and at least in the superimposed part
of the common signal electrode and at least one of
the data signal wiring and the scanning wiring.

[0037] (2) The common signal electrode and at least
one of the data signal wiring and the scanning signal
wiring are partially superimposed onto each other via
an interlayer insulating film. The superimposed part
selectively forms a capacity. When SA denotes Equa-
tion 9 and SB denotes Equation 10 (m=1), SA<SB
is satisfied, where n indicates the number of layers of
the insulating films included in the interlayer insu-
lating film, e indicates a permittivity of an insulat-
ing film on k layer, dy indicates a film thickness, m
indicates the number of layers of insulating films
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disposed between the pixel electrode and a first
alignment film disposed on the pixel electrode on at
least a part of a region on the pixel electrode, €;
indicates a permittivity of an insulating film of L
layer, d; indicates a film thickness, and €,  indicates
a permittivity of liquid crystal in a perpendicular
direction to a director of liquid crystal.

(10)

[0038] (3) The common signal electrode and at least
one of the data signal wiring and the scanning signal
wiring are partially superimposed onto each other via
an interlayer insulating film. The superimposed part
forms a capacity. When SA denotes Equation 11 and
SB denotes Equation 12 (m=1), SA<SB is satisfied,
where n indicates the number of layers of the insu-
lating films included in the interlayer insulating film,
€ indicates a permittivity of an insulating film on k
layer, dy indicates a film thickness, m indicates the
number of layers of insulating films disposed on the
pixel electrode at least in a part of a region on the
pixel electrode, €, indicates a permittivity of an
insulating film on L layer, d; indicates a film thick-
ness, and €, . indicates a permittivity of liquid crystal
in parallel with a director of liquid crystal.

1 an

(12)

[0039] (4) The common signal electrode and at least
one of the data signal wiring and the scanning signal
wiring are partially superimposed onto each other via
an interlayer insulating film. The superimposed part
forms a capacity. No insulating film exists between
the first alignment film and the pixel electrode which
are disposed on the first substrate. When SA denotes
Equation 13 and SB denotes Equation 14, SA<SB is
satisfied, where n indicates the number of layers of
the insulating films included in the interlayer insu-
lating film, €y indicates a permittivity of an insulat-
ing film on k layer, di indicates a film thickness, and
€, ¢ indicates a permittivity in a perpendicular direc-
tion to a director of liquid crystal.
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1 (13

e1c (14)

[0040] (5) The common signal electrode and at least
one of the data signal wiring and the scanning signal
wiring are partially superimposed onto each other via
an interlayer insulating film. The superimposed part
forms a capacity. No insulating film exists between
the first alignment film and the pixel electrode which
are disposed on the first substrate. When SA denotes
Equation 15 and SB denotes Equation 16, SA<SB is
satisfied, where n indicates the number of layers of
the insulating films included in the interlayer insu-
lating film, €, indicates a permittivity of an insulating
film on k layer, d;; indicates a film thickness, and €;
indicates a permittivity in parallel with a director of
liquid crystal.

1 (15)

L (16)

[0041] With the structures (1) to (5), even when reducing
a parasitic capacity of signal wiring that is formed on a
superimposed part of the data signal wiring or the scanning
signal wiring and the common signal electrode, it is possible
to independently increase a capacity connected in series with
liquid crystal between the pixel electrode and the common
signal electrode, thereby suppressing an increase in driving
voltage.

[0042] To be specific, as described in (1), the interlayer
insulating film formed on a superimposed part of the wiring
and the common signal electrode, that is, the interlayer
insulating film formed for reducing a parasitic capacity of
wiring is not formed on the pixel electrode. Namely, the
insulating film is formed selectively. Thus, it is possible to
arbitrarily reduce a parasitic capacity of wiring separately
from a capacity connected in series with a liquid crystal
layer by increasing a thickness of the interlayer insulating
film or changing the structure of the interlayer insulating
film.

[0043] As described in (1) to (5), regarding a reduction in
driving voltage, the insulating film on a region having the
pixel electrode, that is, the insulating film forming a capacity
connected in series with the liquid crystal layer is removed
selectively.

[0044] Thus, liquid crystal exists on a selectively removed
region. In order to obtain the effect of reducing a driving
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voltage, value obtained from Equation 18 needs to be larger
than that Equation 17, where j indicates the number of layers
of insulating films included in a selectively removed insu-
lating film, €, indicates a permittivity of an insulating film on
i layer, d; indicates a film thickness, and €, indicates a
permittivity of liquid crystal.

[0045] Here, €;  is a permittivity in parallel with a director
of liquid crystal when Ae is positive liquid crystal, and €;
is a permittivity in a perpendicular direction to a director of
liquid crystal when Ae is negative liquid crystal. Namely, a
permittivity is obtained from the lower substrate to the upper
substrate when a voltage is applied to the liquid crystal layer.

1 (17

)

=1

o &

erc (18)

TP

[0046] The effect of reducing a driving voltage can be
obtained only when the above equations are satisfied. Since
€1 18 7 or more in a liquid crystal layer of a conventional
liquid crystal display apparatus, considering the selectively
formed insulating film is made of a material such as silicon
nitride (e=6 to 7) and silicon oxide (e=3 to 4), in most cases,
the selective removal of the insulating film makes it possible
to increase a capacity connected in series with liquid crystal
between the pixel electrode and the common signal elec-
trode, thereby reducing a driving voltage.

[0047] Further, as a combination of the above methods, to
be specific, the interlayer insulating film formed on a super-
imposed part of the wiring and the common signal electrode
is configured as a lamination including a part of an insulating
film serving as a gate insulating film, a part of an insulating
film serving as a surface protecting film of the thin-film
transistor, and another new insulating film. The new insu-
lating film is formed selectively in a region on the pixel
electrode. Moreover, an insulating film used in the conven-
tional structure is formed selectively in a region on the pixel
electrode and is formed selectively in the same region as the
new insulating film.

[0048] Next, the following will discuss more specific
structures for realizing the above structure.

[0049] (6) In the liquid crystal display apparatus
described in any one of (1) to (5), regarding the
interlayer insulating film and the insulating film
disposed between the first alignment film and the
pixel electrode that are formed on the first substrate
at least on a part of a region on the pixel electrode,
a difference is made at least in one of the number of
layers of the insulating films, a film thickness of a
material for forming the layer, and a permittivity of
a material for forming the layer.

[0050] (7) In the liquid crystal display apparatus
described in any one of (1) to (6), the interlayer
insulating film is composed of a single layer and the
single layer is selectively formed at least on a part of
a region on the pixel electrode.
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[0051] (8) In the liquid crystal display apparatus
described in (7), the interlayer insulating film is a
part of a first insulating film serving as the gate
insulating film of the thin-film transistor or a part of
a second insulating film serving as a surface protect-
ing film of the thin-film transistor.

[0052] (9) In the liquid crystal display apparatus
described in (7), the interlayer insulating film is a
third insulating film other than the first insulating
film serving as the gate insulating film of the thin-
film transistor or the second insulating film serving
as a surface protecting film of the thin-film transistor.

[0053] (10) In the liquid crystal display apparatus
described in any one of (1) to (6), the interlayer
insulating film is composed of two layers, and at
least one of the layers is selectively formed at least
on a part of a region on the pixel electrode.

[0054] (11) In the liquid crystal display apparatus
described in (10), the interlayer insulating film is
composed of two layers including a part of the first
insulating film serving as the gate insulating film of
the thin-film transistor or a part of the second insu-
lating film serving as a surface protecting film of the
thin-film transistor.

[0055] (12) In the liquid crystal display apparatus
described in (10), in the interlayer insulating film,
one of the layers is a part of the first insulating film
serving as the gate insulating film of the thin-film
transistor or a part of the second insulating film
serving as a surface protecting film of the thin-film
transistor, and the other layer is a third insulating film
other than the first insulating film and the second
insulating film. The third insulating film is selec-
tively formed at least on a part of a region on the
pixel electrode.

[0056] (13) In the liquid crystal display apparatus
described in any one of (1) to (6), the interlayer
insulating film is composed of three or more layers.
At least one of them is selectively formed at least on
a part of a region on the pixel electrode.

[0057] (14) In the liquid crystal display apparatus
described in (13), the interlayer insulating film
includes all of a part of the first insulating film
serving as the gate insulating film of the thin-film
transistor, a part of the second insulating film serving
as a surface protecting film of the thin-film transistor,
and the third insulating film other than the first
insulating film and the second insulating film. The
third insulating film is selectively formed at least on
a part of a region on the pixel electrode.

[0058] (15) In the liquid crystal display apparatus
described in any one of (1) to (14), at least on a part
of a region on the pixel electrode, the pattern of the
interlayer insulating film, which is formed selec-
tively on a superimposed part of the common signal
electrode and at least one of the data signal wiring or
the scanning signal wiring, is formed according to
the pattern of the data signal wiring or the scanning
signal wiring.

[0059] (16) In the liquid crystal display apparatus
described in (15), when a width of the data signal
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wiring is WDL, a width of the common signal
electrode formed on a part superimposed with the
data signal wiring is WCOM1, and a width of the
interlayer insulating film selectively formed accord-
ing to the pattern of the data signal wiring is WIS01,
WDL<WIS01<WCOM1 and  WDL>0 or
WDL<WCOM1<WIS01 and WDL>0 are estab-
lished.

[0060] (17) In the liquid crystal display apparatus
described in (15), when a width of the scanning
signal wiring is WGL, a width of the common signal
electrode formed on a part superimposed with the
scanning signal wiring is WCOM2, and a width of
the interlayer insulating film selectively formed
according to the pattern of the scanning signal wiring
is WIS02, WGL<WIS02<WCOM?2 and WGL>0 or
WGL<WCOM2<WIS02 and WGL>0 are estab-
lished.

[0061] (18) In the liquid crystal display apparatus
described in any one of (1) to (14), on the interlayer
insulating film formed on a superimposed part of the
common signal electrode and the data signal wiring,
at least a part of the insulating film, which is formed
at least on a part of a region on the pixel electrode,
is selectively removed or reduced in thickness.

[0062] (19) In the liquid crystal display apparatus
described in (18), at least a part of the insulating film,
which is formed at least on a part of a region on the
pixel electrode, is selectively removed or reduced in
thickness according to the pattern of the pixel elec-
trode.

[0063] (20) In the liquid crystal display apparatus
described in (19), when a width of the pixel electrode
is WPX and a width of the interlayer insulating film
selectively removed or reduced in thickness accord-
ing to the pattern of the pixel electrode is WIS03,
WIS03<WPX and WIS>0 are established.

[0064] (21) In the liquid crystal display apparatus
described in any one of (1) to (20), at least in a region
other than an exposed region for connecting termi-
nals, a fourth insulating film is formed so as to cover
at least the pixel electrode and the common signal
electrode.

[0065] With this arrangement, coating and protection can
be provided on the surfaces of the pixel electrode and the
common signal electrode, thereby preventing a side effect
such as mutual contamination, which is caused by contact
between an electrode material and liquid crystal.

[0066] (22) In the liquid crystal display apparatus
described in any one of (1) to (7), (9), (10), (12),
(13), and (15) to (21), the second insulating film
serving as the surface protecting film of the thin-film
transistor is omitted.

[0067] The third insulating film substitutes for the surface
protecting film of the thin-film transistor. Thus, it is possible
to omit the step of forming the surface protecting film of the
thin-film transistor, thereby simplifying the manufacturing
process.

[0068] (23) In the liquid crystal display apparatus
described in any one of (7), (9), (10), (12), to (22),
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the third insulating film and the fourth insulating film
are coating type insulating films.

[0069] (24) In the liquid crystal display apparatus
described in (23), the coating type insulating film is
formed by a method such as printing and spin
coating method, and the coating type insulating film
is an organic resin insulating film or an insulating
film containing Si.

[0070] (25) In the liquid crystal display apparatus
described in (23) or (24), the coating type insulating
film used as the third insulating film is a photo-image

type.

[0071] (26) In the liquid crystal display apparatus
described in any one of (10), and (12) to (25), the
first insulating film serving as the gate insulating film
of the thin-film transistor, the second insulating film
serving as the surface protecting film of the thin-film
transistor, or a laminated film of the first insulating
film and the second insulating film is collectively
processed in a self-aligning manner by using the
third insulating film pattern as described above. At
least on a part of a region on the pixel electrode, the
first insulating film, the second insulating film, or the
laminated film of the first and second insulating films
is formed selectively.

[0072] (27) In the liquid crystal display apparatus
described any one of (7), (9), (10), and (12) to (26),
the third insulating film has a thickness of 0.5 to 4.0
.

[0073] (28) In the liquid crystal display apparatus
described any one of (7), (9), (10), and (12) to (27),
the third insulating film has a permittivity of 1.5 to
6.5.

[0074] (29) In the liquid crystal display apparatus
described in (21), the coating type insulating film
used as the fourth insulating film has a thickness of
0.1 to 0.5 yum.

[0075] (30) In the liquid crystal display apparatus
described in any one of (1) to (17) and (21) to (29),
a fifth insulating film is selectively formed with a
permittivity of 7.0 or more so as to fill and flatten a
step height region appearing due to the interlayer
insulating film which is formed selectively.

[0076] (31) In the liquid crystal display apparatus
described in any one of (18), (19), and (20), the fifth
insulating film is selectively formed with a permit-
tivity of 7.0 or more so as to fill and flatten a step
height region, which is formed by selectively remov-
ing or reducing in thickness at least a part of an
insulating film formed at least on a part of a region
on the pixel electrode.

[0077] With the structures of (30) and (31), it is possible
to reduce a driving voltage regardless of a permittivity of the
liquid crystal layer.

[0078] Further, it is possible to fill and flatten a step height
formed by selective formation or selective removal of the
insulating film.

[0079] (32) In the liquid crystal display apparatus
described in any one of (1) to (31), the common
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signal wiring is formed by extending the common
signal electrode on the same layer as the common
signal electrode.

[0080] (33) In the liquid crystal display apparatus
described in any one of (1) to (32), the common
signal wiring is formed on the same layer as the
scanning signal wiring or the data signal wiring, and
the common signal wiring and the common signal
electrode are connected to each other via a through
hole, which is opened on the interlayer insulating
film.

[0081] (34) In the liquid crystal display apparatus
described in any one of (1) to (33), the pixel elec-
trode is composed of a transparent conductive film
made of indium oxide such as indium tin oxide
(ITO), indium zinc oxide (IZO), and indium germa-
nium oxide (IGO).

[0082] (35) In the liquid crystal display apparatus
described in (34), the pixel electrode is composed of
a transparent conductive film made of polycrystal-
line indium oxide.

[0083] (36) In the liquid crystal display apparatus
described in any one of (1) to (35), at least a part of
the common signal electrode is composed of a trans-
parent conductive film made of indium oxide such as
indium tin oxide (ITO), indium zinc oxide (IZO),
and indium germanium oxide (IGO).

[0084] (37) In the liquid crystal display apparatus
described in (36), at least a part of the common
signal electrode includes the transparent conductive
film made of amorphous indium oxide.

[0085] (38) In the liquid crystal display apparatus
described in any one of (34) to (37), a normally black
mode is set in which black display is provided when
no electric field is generated between the pixel
electrode and the common signal electrode.

[0086] According to the present invention, it is possible to
provide a liquid crystal display apparatus of an in plane
switching that has a large pixel aperture ratio and a high
luminance without causing any signal delay of a wiring or
increase of a driving voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0087] FIGS. 1A and 1B are diagrams showing an effect
of reducing a capacity when another insulating film for
reducing a capacity is added to a structure of an interlayer
insulating film on a superimposed part of wiring;

[0088] FIGS. 2A, 2B, and 2C are diagrams showing an
effect of reducing a driving voltage when a structure of an
insulating film is changed which is disposed on a pixel
electrode;

[0089] FIG. 3 is a plan view showing a unit pixel on the
side of a TFT substrate in an active-matrix liquid crystal
display apparatus according to Embodiment 1 of the present
invention, that is, in a superimposed structure via an inter-
layer insulating film OIL1, in which a data signal wiring DL
and a common signal electrode CE are selectively formed,

[0090] FIG. 4 is a scction view taken along line A-A'
shown in the TFT substrate of FIG. 3;
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[0091] FIG. 5 is a section view taken along line B-B'
shown in the TET substrate of FIG. 3;

[0092] FIG. 6 is a section view taken along line A-A'
showing the structure of FIG. 4 in which a pattern of the
common signal electrode CE of Embodiment 1 is changed;

[0093] FIG. 7 is a section view taken along line A-A'
shown in FIG. 3, which includes the TFT substrate SUB1
and a color filter substrate SUB2;

[0094] FIG. 8 is a plan view showing a unit pixel in
Embodiment 1 using a multi-domain method;

[0095] FIG. 9 is a plan view showing a unit pixel in the
structure of Embodiment 1 in which the placement of the
common signal wiring CL is changed;

[0096] FIG. 10 is a plan view showing a unit pixel in the
structure of Embodiment 1 in which a pixel electrode PX is
formed of a transparent conductive film,;

[0097] FIG. 11 is a schematic view showing an e¢lectric
circuit of the active-matrix liquid crystal display apparatus
of Embodiment 1;

[0098] FIGS. 12A and 12B are sectional schematic dia-
grams showing ends of the substrates of the active-matrix
liquid crystal display apparatus according to Embodiment 1;

[0099] FIGS. 13A and 13B are a plan view showing a
main part of a terminal GTM for scanning signal wiring GL
and a section view taken along line A-A' of the active-matrix
liquid crystal display apparatus according to Embodiment 1;

[0100] FIGS. 14A and 14B are a plan view showing a
main part of a terminal DTM for a data signal wiring DL and
a section view taken along line A-A' of the active-matrix
liquid crystal display apparatus according to Embodiment 1;

[0101] FIG. 15 is a diagram showing a process flow for
realizing the structure of the active-matrix liquid crystal
display apparatus of Embodiment 1;

[0102] FIGS. 16A, 16B, 16C, 16D, 16E, and 16F are
section views taken along line A-A' shown in FIG. 3 and
FIGS. 16A!, 16B', 16C', 16D', 16E', and 16F"' are section
views taken along line B-B' shown in FIG. 3 when the TFT
substrate is manufactured according to the process flow of
FIG. 15;

[0103] FIG. 17 is a plan view showing a unit pixel in an
active-matrix liquid crystal display apparatus according to
Embodiment 2 of the present invention, that is, in the
structure in which scanning signal wiring GL as well as data
signal wiring DL is super-imposed on a common signal
¢lectrode CE;

[0104] FIG. 18 is a section view taken along line B-B'
shown i FIG. 17;

[0105] FIG. 19 is a section view taken along line B-B'
showing the structure of Embodiment 2 in which the pattern

of the common signal electrode CE is changed
(WCOM2<WISO2);
[0106] FIG. 20 is a plan view showing a unit pixel of an

embodiment in which the common signal wiring CL is
formed by extending the common signal electrode CE on a
layer where the common signal electrode CE is formed in
Embodiment 2;



US 2002/0149729 Al

[0107] FIG. 21 is a section view taken along line B-B' of
FIG. 20;

[0108] FIG. 22 is a plan view showing a unit pixel in an
active-matrix liquid crystal display apparatus according to
Embodiment 3 of the present invention, that is, in the
structure in which an insulating film OIL1 on the pixel
electrode PX is selectively removed as compared with
Embodiment 2;

[0109] FIG. 23 is a section view taken along line A-A'
shown in FIG. 22;

[0110] FIG. 24 is a section view taken along line B-B'
shown in FIG. 22;

[0111] FIG. 25 is a section view taken along line A-A'
showing the structure of Embodiment 3 in which the pattern
of an insulating film OIL1 is changed;

[0112] FIG. 26 is a section view taken along line A-A' of
structure in which the insulating film OIL1 on the pixel
electrode PX is selectively reduced in thickness as a first
application example of Embodiment 3;

[0113] FIG. 27 is a section view taken along line A-A'
showing structure in which a surface protective film PAS of
a TFT is selectively removed as a second application
example of Embodiment 3, the surface protective film PAS
serving as an insulating film on the pixel electrode PX;

[0114] FIG. 28 is a section view taken along line A-A'
showing the structure in which the TFT surface protective
film PAS on a lower layer is also selectively removed in a
collective manner by using the insulating film OIL pattern
removed selectively on the pixel electrode PX, as a third
application example of Embodiment 3;

[0115] FIG. 29 is a section view taken along line B-B'
shown in FIG. 28;

[0116] FIG. 30 is a plan view showing a unit pixel in the
structure of Embodiments 3 in which the pattern of the
insulating film OIL1 presented in FIGS. 28 and 29 is
changed,

[0117] FIG. 31 is a section view taken along line A-A'
shown in FIG. 30,

[0118] FIGS. 32A and 32B are sectional schematic dia-
grams showing ends of the substrate of the active-matrix
liquid crystal display apparatus according to the third appli-
cation example of Embodiment 3 of the present invention as
presented in FIGS. 28 to 32,

[0119] FIGS. 33A and 33B are a plan view showing a
main part of a terminal GTM for scanning signal wiring GL
and a section view taken along line A-A' of the active-matrix
liquid crystal display apparatus of the third application
example according to Embodiment 3 of the present inven-
tion,

[0120] FIGS. 34A and 34B are a plan view showing a
main part of a terminal DTM for data signal wiring DL and
a section view taken along line A-A' of the active-matrix
liquid crystal display apparatus of the third application
example according to Embodiment 3 of the present inven-
tion;

[0121] FIG. 35 is a diagram showing a process flow for
realizing the structure of the active-matrix liquid crystal
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display apparatus of the third application example according
to Embodiment 3 of the present invention;

[0122] FIGS. 36A, 36B, 36C, 36D, and 36E are section
views taken along line A-A' shown in FIG. 22 and FIGS.
36A', 36B', 36C', 36D, and 36LE' arec scction views taken
along line B-B' shown in FIG. 22 when the TFT substrate is
manufactured according to the process flow of FIG. 35;

[0123] FIG. 37 is a section view taken along line A-A'
shown in Embodiment 4 of the present invention, in which
after an insulating film OIL1 and a surface protective film
PAS of a TFT are selectively removed, an insulating film
OIL2 is formed so as to cover an exposed pixel electrode PX
and a common signal electrode CE, in Embodiment 3 of
FIGS. 28 and 29;

[0124] FIG. 38 is a section view taken along line A-A' in
the structure in which an insulating film OIL2 is formed so
as to cover only the surface of the pixel electrode PX and the
common signal electrode CE is exposed, in Embodiment 4
of FIG. 37,

[0125] FIG. 39 is a section view taken along line A-A'
shown in Embodiment 5 of the present invention, in which
an insulating film OIL3 is formed so as to fill and flatten a
step height formed by selectively removing an insulating
film OIL1 on a pixel electrode and a surface protective film
PAS of a TFT, in Embodiment 3 shown in FIGS. 28 and 29;

[0126] FIG. 40 is a section view taken along line A-A'
shown in Embodiment 6 of the present invention, in which
a TFT surface protective film PAS on a lower layer is
omitted, and an insulating film OIL1 formed by selective
removal on a pixel electrode PX acts as a TFT surface
protective film in Embodiment 3;

[0127] FIG. 41 is a section view taken along line B-B'
shown in Embodiment 6 of FIG. 40;

[0128] FIG. 42 is a section view taken along line A-A'
shown in Embodiment 7 of the present invention in which a
positive stagger-type TFT is used for a switching element of
a pixel, that is, in the structure in which a TFT surface
protective film PAS on a lower layer and a gate insulating
film GI are also selectively removed in a collective manner
by using an insulating film OIL1 pattern on the pixel
electrode PX removed selectively in Embodiment 3; and

[0129] FIG. 43 is a section view taken along line B-B'
shown in Embodiment 7 of FIG. 42.

DESCRIPTION OF THE EMBODIMENTS

[0130] Before describing specific embodiments, referring
to FIGS. 1A and 1B and FIGS. 2A, 2B, and 2C, a principle
of a liquid crystal display apparatus according to the present
invention will be explained.

[0131] In the explanation of FIGS. 1A and 1B and FIGS.
2A, 2B, and 2C, the effects of the present invention will be
compared with an example of the foregoing conventional art
while the example serves as a standard structure.

[0132] To be specific, a pixel electrode is formed on a
layer where data signal wiring is formed, a silicon nitride
film (permittivity €=0.7), which is assumed as a surface
protective film of a TFT, is entirely formed thereon as an
interlayer insulating film with a thickness of 350 nm, and a
common signal electrode is formed on the top layer.
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[0133] The common signal electrode, which also acts as a
shield electrode, is superimposed on the data signal wiring
via the interlayer insulating film. This structure corresponds
to a structure of x=0 in FIGS. 1A and 2C (described later).

[0134] First, referring to FIGS. 1A and 1B, it will be
explained that an insulating film for reducing a capacity in
the standard structure, which is the conventional structure, is
effective to reduce a capacity.

[0135] FIG. 1A is a diagram showing a structure used for
examining the effect of the insulating film for reducing a
capacity. Here, the insulating film for reducing a capacity is
an interlayer insulating film provided in addition to the
silicon nitride film having a thickness of 350 nm. The silicon
nitride film is an interlayer insulating film in the above
standard structure.

[0136] FIG. 1B is a diagram showing a change in stan-
dardized capacity value relative to a film thickness x of the
insulating film for reducing a capacity. The standardized
capacity is defined as a ratio of parasitic capacity values of
the structures. With each of the structures varies in film
thickness x relative to a parasitic capacity value on a
superimposed part of wiring in the standardized structure.

[0137] FIG. 1B shows the data obtained in the case (B)
where a coating type insulating film (e=3.0) made of an
organic material is used and the case (C) where a silicon
nitride film (e=6.7) is used as the insulating film for reducing
a capacity.

[0138] According to FIG. 1B, it is demonstrated that
another interlayer insulating film is provided, which may
serve as an insulating film for reducing a capacity, reduces
a parasitic capacity on a super-imposing part of wiring and
delay of a signal although the effect varies with the permi-
tivity € and the film thickness.

[0139] Moreover, in order to reduce a parasitic capacity
value to one fifth, namely, in order to set a standardized
capacity value at 0.2 in the standard structure, a coating type
organic insulating film of €=3.0 and a silicon nitride film of
€=6.7 require film thickness of 0.6 yum and 1.4 um, respec-
tively, as for the insulating film for reducing a capacity. In
the case of the organic insulating film having a smaller
permittivity €, a parasitic capacity can be reduced with a
smaller thickness.

[0140] Meanwhile, in the case of the silicon nitride film of
the structure (C), when a deposited film is used as the
insulating film for reducing a capacity, a method such as
plasma CVD is applicable to formation of the silicon nitride
film. Hence, another problem arises as follows: as a film
thickness is larger, a longer time is necessary for forming a
film, thereby lowering a throughput.

[0141] In contrast, in the case where the coating type
organic insulating film of FIG. 2B is used, a method such as
a spin coating method is used for forming a coating type
insulating film.

[0142] The spin coating method is advantageous in that
since a viscosity of a coating type material is adjusted to
control a film thickness, unlike the depositing CVD method,
a throughput hardly changes relative to a film thickness.

[0143] Further, when a coating type insulating film is
formed, it is possible to fill a pin hole, a crack, and a poor
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adhesion part on a lower step height of the lower silicon
nitride film and to correct the defects by a coating effect.
Hence, when processing a common signal electrode on the
top layer as well, it is possible to considerably suppress the
corrosion, dissolution, and a break on the electrodes and
wiring disposed on a lower layer, thereby largely improving
a yield of the processing.

[0144] Because of the effect of coating a defect on the
silicon nitride, it is possible to reduce a short circuit caused
by an insulating defect on a super-imposed part of wiring
between layers.

[0145] According to the above description, as a method
for reducing a parasitic capacity, i.e., reducing signal delay
of wiring, it is more preferable to use a coating type
insulating film as the insulating film for reducing capacity.
The coating type insulating film has a small permittivity and
lowers a parasitic capacity with a small thickness, and a
throughput thereof does not change with film thickness.

[0146] The effect of reducing a parasitic capacity depends
upon an insulating film disposed on a region where the data
signal wiring and the common signal electrode are super-
imposed on each other, that is, the structure of the insulating
film on a region for forming a parasitic capacity, which is
connected in parallel with a liquid crystal layer (a type
(permittivity) and a thickness of the insulating film-for
reducing a capacity in the present verification) when the
liquid crystal display apparatus is formed.

[0147] Meanwhile, the effect of reducing a parasitic
capacity hardly depends on an insulating film on a pixel
electrode, i.e., the structure of the insulating film on a region
for forming a capacity connected in series with the liquid
crystal layer (a type and a thickness of the insulating film for
reducing a capacity in the present verification) when the
liquid crystal display apparatus is formed.

[0148] Due to the effect of the common signal electrode
which is disposed so as to cover the data signal wiring, an
electric field generated by the data signal wiring is effec-
tively shielded. Thus, it is possible to prevent cross talk
between wiring and the adjacent pixel electrode and to
prevent degradation in picture quality that is caused by
leakage of light from liquid crystal.

[0149] Next, referring to FIGS. 2A, 2B, and 2C, the effect
of reducing a driving voltage of liquid crystal when the
structure of the insulating film is changed will be explained,
in contrast to the conventional standard structure.

[0150] FIG. 2A is a diagram showing the structure used
for verifying the effect of reducing a driving voltage. In FIG.
2A, when a voltage is applied between the pixel electrode
and the common signal electrode, the liquid crystal layer
exhibits different optical characteristics according to an
applied voltage, in a transmittance change.

[0151] FIG. 2B is a diagram showing an example of a
change in transmittance when a voltage is applied between
the pixel electrode and the common signal electrode.

[0152] In the present embodiment, since a normally black
mode is used as a display mode of liquid crystal, a trans-
mittance is set substantially at O when an applied voltage is
0V, and a transmittance gradually rises with an increase in
the applied voltage. A transmittance reaches a peak TMAX
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at a fixed voltage value such as a voltage value VA in the
structure (A) and at a voltage value VB in the structure (B).

[0153] In the liquid crystal display apparatus, liquid crys-
tal is driven between 0 V and a voltage giving a transmit-
tance peak TMAX. Thus, it is possible to reduce a driving
voltage of liquid crystal by lowering a voltage of the
transmittance peak TMAX.

[0154] The structures (A) and (B) are different from each
other in the structure of the insulating film disposed on the
pixel electrode. The structure (A) is a standard structure in
which a silicon nitride film of e=6.7 is disposed with a
thickness of 350 nm, and the structure (B) has a coating type
organic insulating film of €=3.0 with a thickness of 0.6 um
is stacked on the standard structure.

[0155] When applied voltages/transmittance characteris-
tics are compared between the two structures, it is found that
the structures are substantially equal in peak value of
transmittance, but the voltage of the peak transmittance Tn,
the structure (B) is about 1.2 times larger than the structure

(A).

[0156] This phenomenon is resulted from a difference in
the structure of the insulating film disposed on the pixel
electrode, that is, the structure of the insulating film for
forming a capacity connected in series with the liquid crystal
layer.

[0157] The structure (B) having the organic insulating film
stacked therein is smaller in capacity. Thus, a large voltage
drop occurs and a voltage is applied to liquid crystal
insufficiently due to the voltage drop.

[0158] A driving voltage value (voltage value providing a
peak transmittance value) of the liquid crystal hardly
depends upon the structure of the interlayer insulating film
on a superimposed part of wiring as shown in FIGS. 1A and
1B, that is, the structure of the insulating film on a region
where a parasitic capacity of signal wiring is formed (cor-
responding to a type (permittivity) and a thickness of the
insulating film in the present verification).

[0159] FIG. 2C shows a change in standardized voltage
value relative to a film thickness x of the organic insulating
film when the coating type organic insulating film for
reducing a capacity is disposed on the pixel electrode in the
standard structure. Here, the standardized voltage is defined
as a ratio of a voltage value giving a peak transmittance
obtained in structure varying in film thickness x, relative to
the voltage value obtained in the standardized structure.

[0160] As the organic insulating film is larger in thickness,
a capacity connected in series with the liquid crystal layer is
smaller. Thus, a voltage drop increases and a standardized
driving voltage value of the liquid crystal rises linearly.

[0161] Namely, regarding a driving voltage of liquid crys-
tal, it is preferable that the insulating film disposed on the
pixel electrode has a minimum thickness. As a measure for
reducing a driving voltage, it is more preferable that no
insulating film exists on the pixel electrode.

[0162] FIGS. 2A, 2B, and 2C is explained in the organic
insulating film having a permittivity of 3.0 as an example of
the insulating film disposed on the pixel electrode. For
example, in the case of an insulating film having a permit-
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tivity smaller than 3.0, it is presumed that the line of FIG.
2C has larger inclination, thereby further increasing a driv-
ing voltage.

[0163] In contrast, in the case of an insulating film having
a permittivity larger than 3.0, it is readily expected that the
line has gradual inclination and a driving voltage decreases.

[0164] According to the above two findings of the inventor
et al., it is possible to reduce a parasitic capacity of wiring
and to reduce a driving voltage of liquid crystal, as com-
pared with the conventional structure when the structure of
the present invention is adopted in which the interlayer
insulating film for reducing a capacity is additionally dis-
posed only on a superimposed part of the signal wiring and
the common signal electrode and a minimum number of
insulating films is disposed on the pixel electrode.

[0165] Specific embodiments of the present invention will
be explained based on the above findings.

[0166] Besides, in the drawings used for the following
explanation, reference numeral SUB1 denotes a transparent
insulating substrate on the side having a thin film transistor
disposed, reference character TFT denotes a thin film tran-
sistor serving as a switching element of a pixel, reference
character CSTG denotes a storage capacity for guaranteeing
voltage holding characteristics of liquid crystal, reference
character CL denotes common signal wiring, reference
character CE denotes a common signal electrode, reference
character GE denotes a scanning signal electrode, reference
character GL denotes scanning signal wiring, reference
character SI denotes a semiconductor layer, reference char-
acter NSI denotes an electrode composed of a silicon film,
which is doped with impurity such as phosphorus to ensure
contact between a semiconductor layer and the source
electrode or drain electrode of the thin film transistor,
reference character SD denotes the source electrode of the
thin film transistor and denotes a data signal electrode
serving as a drain electrode, reference character DL denotes
data signal wiring, reference character PX denotes a pixel
electrode, reference character GI denotes a gate insulating
film of the TFT, reference character PAS denotes a surface
protective film of the thin film transistor, reference character
TH denotes a through hole which is opened on the insulating
film, reference number OIL1 denotes a coating type insu-
lating film which is selectively formed to reduce a capacity,
reference character BM denotes a light shield pattern, ref-
erence character CF denotes a color filter, reference char-
acter OC denotes an overcoating film, and reference number
SUB2 denotes a transparent insulating substrate on the side
of the color filter.

[0167] Further, reference numeral ORI1 and ORI2 denote
orientation films, reference numerals POLL and POL2
denote polarizers, reference character GTM denotes a ter-
minal for scanning signal wiring, reference character DTM
denotes a terminal for data signal wiring, reference character
CTM denotes a terminal for common signal wiring, refer-
ence character CB denotes bus wiring of the common signal
wiring, reference character S denotes a sealing member,
reference numeral TC1 denotes a pad electrode of the
terminals for scanning signal wiring and common signal
wiring, and reference numeral TC2 denotes a pad electrode
of the terminal DTM for the data signal wiring.
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[0168] [Embodiment 1]

[0169] Next, referring to FIGS. 1 to 16, a liquid crystal
display apparatus will be explained according to Embodi-
ment 1 of the present invention.

[0170] The liquid crystal display apparatus of Embodi-
ment 1 has a structure with the data signal wiring DL and the
common signal electrode CE being superimposed via the
interlayer insulating film OIL1 which is selectively formed.

[0171] FIG. 3 is a plan view showing a unit pixel on the
TFT substrate of the active-matrix liquid crystal display
apparatus according to Embodiment 1 of the present inven-
tion.

[0172] FIG. 4 is a section view of the TFT substrate SUB1
in FIG. 3 which is taken along line A-A'". FIG. § is a section
view of the TFT substrate SUB1 in FIG. 3, which is taken
along line B-B'.

[0173] As shown in FIG. 3, in Embodiment 1, the thin-
film transistor TFT, the storage capacity CSTG, the pixel
electrode PX, and the common signal electrode CE are each
formed to constitute a pixel in a region divided by the
scanning signal wiring GL and the data signal wiring DL.

[0174] At least a part of the pixel electrode PX is formed
into a plurality of comb teeth or slits in the pixel.

[0175] The comb-shaped electrode of the pixel electrode
PX and the common signal electrode CE is extended in x
direction, which conforms to the extending direction of the
data signal wiring DL.

[0176] In Embodiment 1, an invert staggered thin-film
transistor is used as the thin-film transistor TFT. When a
voltage at or higher than a threshold value of the thin-film
transistor TFT is applied to the gate electrode GE, the
semiconductor layer SI is brought into conduction and
conduction is made between the data signal electrodes SD,
which serve as the source electrode and the drain electrode
of the thin-film transistor TFT. At this moment, a voltage
applied to the data signal wiring DL is transmitted to the
pixel electrode PX.

[0177] When a voltage of the gate electrode GE is at or
lower than a threshold value of the thin film transistor,
insulation is made between the data signal electrodes SD,
which serve as the source electrode and the drain electrode
of the thin-film transistor TFT. Thus, a voltage applied to the
data signal wiring DL is not applied to the pixel electrode
PX, and a voltage transmitted during the conduction of the
data signal electrodes SD is held.

[0178] In order to guarantee the voltage-holding charac-
teristics of liquid crystal, the storage capacity CSTG, which
is connected in parallel with liquid crystal via the gate
insulating film GI, is formed between the pixel electrode PX
and the common signal wiring CL.

[0179] In Embodiment 1, the common signal electrode CE
provided in parallel along x direction is formed so as to
cover the data signal wiring DL via the coating type insu-
lating film OIL1, which is selectively formed, around the
pixel region. The common signal electrode CE is electrically
connected to the common signal wiring CL, which is made
of the same material and formed in the same process as the
scanning signal wiring GL, via a through hold TH, which is
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opened through the TFT surface protective film PAS and the
gate insulating film GI by simultaneous etching.

[0180] The pattern of the coating type insulating film
OIL1 is selectively formed so as to cover the data signal
wiring DL according to the pattern of the data signal wiring
DL.

[0181] Moreover, the pixel electrode PX is formed by
extending one of the data signal electrodes SD which serve
as the source electrode and the drain electrode of the
thin-film transistor TFT, and the data signal wiring DL is
formed by extending the other data signal electrode SD.

[0182] According to Embodiment 1, the coating type
insulating film OIL1 is selectively formed according to the
pattern of the common signal electrode CE on a region
where the common signal electrode CE is super-imposed on
the data signal wiring DL. Hence, it is possible to reduce a
parasitic capacity appearing between the data signal wiring
DL and the common signal electrode CE without increasing
a driving voltage of liquid crystal.

[0183] Forexample, a material having a permittivity of 3.0
is used as the coating type insulating film OIL1 with a
thickness of 0.6 um, a parasitic capacity between the data
signal wiring DL and the common signal electrode CE is
reduced to about one third as compared with the case where
the coating type insulating film OIL1 is not formed.

[0184] Consequently, even when the wiring is super-im-
posed, it is possible to prevent waveform rounding of a
signal that is caused by a delayed signal and to provide a
liquid crystal display panel achieving high picture quality
with no picture degradation.

[0185] Also, as described above, the insulating film dis-
posed on the pixel electrode PX may cause a voltage drop.
However, in Embodiment 1, since the coating type insulat-
ing film OIL1 is selectively formed, the coating type insu-
lating film OIL1 does not exist on the pixel electrode PX.
Therefore, it is unlikely that the number of the insulating
films causing a voltage drop does not increase.

[0186] Consequently, it is possible to prevent an increase
in driving voltage.

[0187] Because of the common signal ¢lectrode CE which
is superimposed so as to cover the data signal wiring DL, an
electric field of the data signal wiring DL is effectively
shielded and current leakage to the adjacent pixel electrode
PX is prevented.

[0188] According to Embodiment 1, because of the coat-
ing effect of the coating type insulating film OILI, it is
possible to cover a defect such as a crack and a pin hole on
the silicon nitride film and a covering defect on an adhesion
part on the data signal wiring DL, and it is possible to
prevent a short circuit resulted from an insulating defect
between the data signal wiring DL and the common signal
electrode CE.

[0189] Further, it is possible to keep an etching solution
from reaching the surface of the data signal wiring DL via
the defective part when the common signal electrode CE is
processed on the top layer. Thus, dissolution of the elec-
trodes and wiring can be prevented.

[0190] When the coating type insulating film OIL1 is
formed on the pixel electrode PX, a driving voltage rises.
This has been already described referring to FIGS. 2A, 2B,
and 2C.
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[0191] Meanwhile, the coating type insulating film OIL1
may be formed on a region not depending upon a driving
voltage, that is, a region having no pixel electrode PX. This
region includes a region having the scanning signal wiring
GL, the data signal wiring DL and the thin-film transistor
TFT.

[0192] In this case, in addition to the effect of reducing a
parasitic capacity between the data signal wiring DL and the
common signal electrode CE, the covering effect of the
coating type insulating film OIL1 also acts as a protecting
film of the electrode and wiring on a lower layer as well as
the data signal wiring DL.

[0193] Hence, to be specific, it is possible to prevent a
dissolution break on the data signal electrode DE, the
scanning signal wiring GL, the scanning signal electrode
GE, and the common signal wiring CL. The dissolution
break is caused by an etching solution impregnated through
a defective part of the surface protective film PAS of the TFT
and the gate insulating film GI when the common signal
electrode CE is processed on the coating type insulating film
OIL1.

[0194] Further, it is possible to prevent degradation in
picture quality of the liquid crystal display apparatus. The
degradation is attributed to flow of a low-layer wiring
material partially into liquid crystal from the defective parts
with affecting electric/ optical characteristics of the liquid
crystal.

[0195] However, as described above, the coating type
insulating film OIL1 cannot be formed on the pixel electrode
PX, which increases a driving voltage, on the exposed
terminals of the scanning signal and the data signal, and on
the through hole TH connecting the common signal elec-
trode CE and the common signal wiring CL.

[0196] As earlier mentioned, in Embodiment 1, the pattern
of the coating type insulating film OIL1 is selectively
formed according to the pattern of the data signal wiring DL.

[0197] As shown in FIG. 4, a pattern width of the data
signal wiring DL is defined as WDL um, a pattern width of
the coating type insulating film OIL1, which is selectively
formed according to the pattern of the data signal wiring DL
on the superimposed part, is set at WIS01xm, and a pattern
width of the common signal electrode CE is set at
WCOM1um.

[0198] It is necessary to set the above pattern widths in
view of the effect of shielding an electric field of the data
signal wiring, the effect of reducing a parasitic capacity of
wiring, and the alignment precision of the pattern and the
processing accuracy of size in a photo lithography process.

[0199] The effect of shielding an electric field of the data
signal wiring, and the effect of reducing a parasitic capacity
of wiring are significant at NDL<WCOMI1 and
WDL<WIS01, respectively. When WIS01 is smaller than
WDL, i.e., when the data signal wiring DL extends off the
pattern of the coating type insulating film OIL1, it is possible
to achieve the effect of reducing a parasitic capacity on the
superimposition with the coating type insulating film OIL1.

[0200] However, the above structure is not desirable
because a parasitic capacity is more likely to occur accord-
ing to the extension of the data signal wiring DL out of the
coating type insulating film OILI1.
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[0201] Moreover, as described in Embodiment 1 of FIG.
4, when the pattern of the common signal electrode CE is
formed and superimposed as WIS01<WCOMI1 so as to
cover the side of the pattern of the coating type insulating
film OIL1, which is selectively formed, as compared with
the conventional structure in which the coating type insu-
lating film is formed entirely, it is possible to prevent
diffusion of an electric field in the coating type insulating
film.

[0202] Since the effect of shielding an electric field is
further improved, it is possible to reduce a pattern width
WCOM1 of the common signal electrode CE accordingly,
thereby increasing an aperture ratio of a pixel.

[0203] Therefore, as described in Embodiment 1 of FIG.
4, the largest effect is achieved at WDL<WIS01<WCOM1
and WDL>0.

[0204] Moreover, in Embodiment 1, another step height is
made on the pattern of the coating type insulating film OIL1
by selectively forming the coating type insulating film OIL1.

[0205] It has been generally known that such a step height
is likely to cause a defective image including a coating
defect on the upper orientation film, an initial orientating
defect on liquid crystal that is attributed to shade of liquid
crystal rubbing for orientation, and abnormal switching
(domain) of liquid crystal.

[0206] However, in Embodiment 1 shown in FIG. 4, the
step height pattern of the coating type insulating film OIL1
is placed within a self-shielding region (a pattern width
WCOMLI of the common signal electrode CE), which will be
described referring to FIG. 7. Thus, the step height of the
coating type insulating film OIL1 does not exist on an
opening of the pixel.

[0207] Therefore, it is possible to prevent a step height
from causing a defect on picture quality even when the
coating type insulating film OIL1 is selectively formed.

[0208] In Embodiment 1, for example, a width WDL of
the data signal wiring DL is 6 um, a width of WIS01 is 12
um, and a width of WCOM1 is 18 um.

[0209] Besides, in Embodiment 1, regarding the number
of divisions to form a comb-shaped electrode in a unit pixel,
the pixel electrode PX has two and the common signal
electrode has three including a super-imposed part in the
figure. The number of divisions can be changed is not
restricted to the configuration drawn in the figure.

[0210] FIG. 6 is a section view taken along line A-A' of
Embodiment 1 in which the pattern of the common signal
electrode CE of FIG. 4 is modified.

[0211] As compared with the structure of FIG. 4, the
shielding efficiency of the data signal wiring DL is slightly
smaller and the orientation of liquid crystal is likely to be
affected by the step height of the coating type insulating film
OIL1, which is selectively formed, in the pattern arrange-
ment of FIG. 6. The common signal electrode CE does not
need to be deposited in a manner to cover the step height of
the coating type insulating film OIL1. Hence, it is possible
to provide redundancy for a break on the common signal
electrode CE.

[0212] Inthe case of Embodiment 1, the relationship of the
pattern widths shown in FIG. 4 is WDL<WCOM1<WIS01
and WDL>0.
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[0213] FIG. 7 is a section view taken along line A-A'
shown in FIG. 3 and includes the TFT substrate SUB1 and
the color filter substrate SUB2.

[0214] The transparent insulating substrate SUB1 on the
side having the thin-film transistor TFT is referred as a TFT
substrate, and the opposing transparent insulating substrate
SUB2, which is opposite to the TFT substrate via the liquid
crystal LC, is referred as a CF substrate.

[0215] As shown in FIG. 7, on the CF substrate, a light
shield pattern BM is firstly formed so as to divide pixel
regions on the side of the liquid crystal layer L.C, and a color
filter CF is formed on an opening for determining a sub-
stantial pixel region of the light shield pattern BM. And then,
an overcoating film OC, i.e., a resin film is formed so as to
cover the light shield pattern BM and the color filter CF, and
the orientation film ORI1 is formed on the overcoating film
OcC.

[0216] The polarizers POL1 and POL2 are respectively
formed on the exteriors (surfaces being opposite from the
surface of the liquid crystal layer LC) of the TFT substrate
and CF substrates.

[0217] In Embodiment 1, a normally black mode structure
is adopted. The node provides black display when an electric
field with a component substantially in parallel with the
transparent substrate SUB1 does not appear between the
pixel electrode PX and the common signal electrode CE.

[0218] The normally black mode can be set according to
liquid crystal characteristics (e.g., a direction of an electric
field between the pixel electrode PX and the common signal
electrode CE, a rubbing direction of the orientation film
OR1, and a direction of a deflection transmitting axis of the
polarizer POL).

[0219] When the normally black mode is adopted, an
electric field appears in a direction substantially perpendicu-
lar to the transparent insulating substrate SUB1. Right on the
common signal electrode CE (region C of FIG. 7) where an
electric field hardly appears with a substantially parallel
component, black display is provided even when a trans-
parent conductive film made of indium oxide such as indium
tin oxide (ITO), indium zinc oxide (IZO), and indium
germanium oxide (IGO) is used as the common signal
electrode CE. Thus, the common signal electrode CE itself
can act as a self-shielding film for shielding leakage of light
that is caused by an electric field for driving liquid crystal
around the data signal wiring CL.

[0220] Therefore, it is possible to eliminate the the black
matrix BM on the data signal wiring DL, thereby increasing
an aperture ratio accordingly.

[0221] Further, the alignment of the transparent insulating
substrate SU1 be aligned to a parallel direction (x direction)
of the data signal wiring CL is not needed when the
transparent insulating substrate SUB2 is aligned to the
transparent insulating substrate SUBL. Thus, a wide margin
can be provided for misalignment.

[0222] In Embodiment 1, the black matrix BM is provided
only on the scanning signal wiring GL and the thin-film
transistor TFT.

[0223] TIn Embodiment 1, the black matrix BM is provided
only on the scanning signal wiring GL and the thin-film
transistor TFT. This is not shown in FIG. 7.
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[0224] The liquid crystal display apparatus having a nor-
mally black mode structure is described in Embodiment 1.
However, a normally white mode structure is also applicable
in Embodiment 1. In this case, when the common signal
electrode CE is composed of an opaque conductive layer
made of metal such as Al or an alloy film, the common signal
electrode CE can act as the self-shielding film.

[0225] FIG. 8 is a plan view showing a unit pixel of
Embodiment 1, in which a multi-domain method is adopted.
To be specific, bent parts are formed on the pixel electrode
PX and the common signal electrode CE in Embodiment 1
shown in FIG. 3.

[0226] The multi-domain method achieves the following
effect: in an electric field (in plain electric field) appearing
in an extending direction of liquid crystal, regions applied
plain electric fields in different directions are formed in the
pixel regions, a twisting direction of a liquid crystal mol-
ecule (LC1 and LC2 of FIG. 8) in the region is reversed, and
then, for example, it is possible to offset a coloring differ-
ence which appears when a display region is viewed from
the right and left.

[0227] To be specific, in FIG. 8, the swath-shaped pixel
electrode PX and common signal electrode CE, which are
extended in one direction so as to intersect each other, are
extended while being inclined from the above direction
(appropriate between 5 and 40° when a rubbing direction of
the orientation film ORI1 conforms to the direction of the
data signal wiring DL in P-type liquid crystal). Thereafter,
the above-mentioned effect of the multi-domain method can
be achieved only by repeating bending/extending at an angle
(-20) to form a zigzag pattern.

[0228] In Embodiment 1, the pixel electrode PX and the
common signal electrode CE are extended in y direction of
FIG. 8. Additionally, the electrodes may be extended in x
direction of FIG. 8 and may be provided with bent parts to
achieve the multi-domain effect.

[0229] According to Embodiment 1, when the pixel elec-
trode PX and the common signal electrode CE are changed
in pattern, it is possible to obtain the multi-domain effect as
well as the effect of reducing a parasitic capacity that is
described in Embodiment 1.

[0230] FIG. 9 is a plan view showing a unit pixel in a
structure in which in the arrangement of the common signal
wiring CL is changed as compared with FIG. 3 of Embodi-
ment 1.

[0231] Although the common signal wiring CL is formed
so as to pass through substantially the center of a pixel
region in Embodiment 1 of FIG. 3, the common signal
wiring CL may be placed near the scanning signal wiring GL
as described in Embodiment 1.

[0232] FIG. 10 is a plan view showing a unit pixel in
which the pixel electrode PX is composed of a transparent
conductive film in Embodiment 1 of FIG. 3.

[0233] In Embodiment 1 of FIG. 3, the pixel electrode PX
is formed by extending one of the data signal electrodes SD
and is inevitably made of a metallic wiring material that
constitutes the data signal electrodes SD and the data signal
wiring DL.

[0234] As described in Embodiment 1, when the pixel
electrode PX is transparent, a maximum transmittance is
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improved by transmitted light thereon in white display.
Thus, brighter display can be realized as compared with the
case of the pixel electrode PX made of an opaque material
such as metal.

[0235] Furthermore, as shown in FIG. 7, a liquid crystal
molecule maintains initial orientation when no voltage is
applied, and a polarizer is disposed such that black display
is provided in the above state (normally black mode). Hence,
even when the pixel electrode PX is transparent, it is
possible to obtain high-quality black display without trans-
mitting light thereon.

[0236] Therefore, it is possible to improve a maximum
transmittance while obtaining a sufficient contrast ratio. In
this case, the step of forming and patterning a transparent
conductive layer is additionally required for forming the
pixel electrode PX.

[0237] Next, the shape of the end of the substrate and the
shapes of an electric circuit and terminals will be explained
according to Embodiment 1.

[0238] FIG. 11 is a schematic diagram showing the elec-
tric circuit of the active-matrix liquid crystal display appa-
ratus according to Embodiment 1 of the present invention.

[0239] FIGS. 12A and 12B are section views schemati-
cally showing the ends of the substrate of the active-matrix
liquid crystal display apparatus according to Embodiment 1
of the present invention. FIG. 12A shows the end where the
scanning signal wiring terminal GTM is disposed. FIG. 12B
is a diagram showing the end where an inlet of liquid crystal
is disposed.

[0240] Scanning signals (voltage signals) are successively
supplied by a vertical scanning circuit to the scanning signal
wiring GL via the scanning signal wiring terminal GTM as
shown in the electric circuit of FIG. 11. The scanning signal
wiring GL is extended in x direction and is provided in
parallel in y direction.

[0241] The thin-film transistors TFT disposed along the
scanning signal wiring GL on the pixel regions are driven by
the scanning signals.

[0242] At the timing of the scanning signal, a data signal
is supplied to the data signal wiring DL, which is extended
in y direction and is disposed in parallel in x direction, from
the data signal driving circuit via the data signal wiring
terminal DTM.

[0243] The data signal is applied to the pixel electrode PX
via the thin-film transistor TFT on the pixel region.

[0244] On each of the pixel regions, the common signal
electrode CE is formed together with the pixel electrode PX.
An opposing voltage being branched from bus wiring CB of
the common signal wiring is applied to the common signal
electrode CE, via the common signal wiring terminal CTM
to generate electric fields between the pixel electrode PX
and the common signal electrode CE.

[0245] An clectric field (in plane electric field) of the
above electric fields has a parallel component predominantly
to the transparent insulating substrate SUB1. This electric
field controls a transmittance of light on liquid crystal.

[0246] FIG. 11 or FIGS. 12A and 12B show that R, G, B
of the pixel regions respectively indicate the formation of a
red filter, a green filter, and blue filter.
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[0247] As shown in FIGS. 12A and 12B, the TFT sub-
strate (SUBL) is fixed onto the CF substrate (SUB2) by the
sealing member SL formed around the CF substrate (SUB2).
The sealing member SL also acts as a filling member for
filling liquid crystal between the transparent insulating sub-
strates SUB1 and SUB2.

[0248] On the exterior of the sealing member SL and
around the TFT substrate (SUBL), the scanning signal
wiring terminal GTM, the data signal wiring terminal DTM,
and the common signal wiring terminal CTM are formed on
regions not being covered with the filter substrate.

[0249] FIGS. 12A and 12B show the terminal GTM for
the scanning signal wiring GL as an example.

[0250] Each terminal is connected to the external driving
circuit, which is shown in FIG. 11, by TCP (TAPE CAR-
RIER PACKAGE) or COG (CHIP ON GLASS) connecting
method via an anisotropy conductive film having conductive
particles dispersed in adhesive.

[0251] Besides, a part of the sealing member SL (lower
part of FIGS. 12A and 12B) includes a liquid crystal inlet
(not shown). After liquid crystal is filled from the inlet,
sealing is made by the liquid crystal filling member.

[0252] FIG. 13A is a plan view showing a main part of the
terminal GTM for the scanning signal wiring GL of the
active-matrix liquid crystal display apparatus according to
Embodiment 1 of the present invention. FIG. 13B is a
section view taken along line A-A' shown in FIG. 13A.

[0253] FIG. 14A is a plan view showing a main part of the
data signal wiring terminal DTM. FIG. 14B is a section
view taken along line A-A' shown in FIG. 14A.

[0254] As shown in FIGS. 13A and 13B, an extended part
of the scanning signal wiring GL is firstly formed on a region
where the scanning signal wiring terminal is formed as the
scanning signal wiring terminal GTM, on the transparent
insulating substrate SUB1.

[0255] Next, the gate insulating film GI and the surface
protective film PAS of the thin-film transistor TFT are
formed in this order so as to cover the scanning signal wiring
GL. The end of the scanning signal wiring GL that is
extended from the scanning signal wiring GL is partially
exposed by the through hole TH, which is formed on the gate
insulating film GI and the surface protective film PAS. The
pad electrode TC1 for connecting terminals are formed so as
to cover the end extended from the scanning signal wiring
GL.

[0256] The pad electrode TC1 for connecting terminals is
made of the same transparent conductive film material in the
same process as the formation of the common signal elec-
trode CE.

[0257] The scanning signal wiring terminal GTM is
formed in the above process.

[0258] The exposed terminal of the liquid crystal display
apparatus is generally made of a transparent conductive film
material instead of a metallic material. The transparent
conductive film material has excellent resistance to mois-
ture, chemicals, and corrosion. In Embodiment 1, the scan-
ning signal wiring terminal GTM is composed of a trans-
parent conductive film because of superior resistance of the
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transparent conductive film to etching. Thus, it is possible to
sufficiently achieve reliability on the exposed terminal.

[0259] Moreover, in Embodiment 1, since the scanning
signal wiring GL and the common signal wiring CL are
made of the same material in the same process, the common
signal wiring terminal CTM is also made of the same
material in the same process as the terminal GTM for the
scanning signal wiring GL, inevitably with the same struc-
ture.

[0260] In this case, the common signal wiring terminal
CTM is extended in an opposite direction from the scanning
signal wiring terminal GTM as described in FIG. 11.

[0261] FIGS. 14A and 14B show the data signal wiring
terminal DTM. The gate insulating film GI is firstly formed
on the transparent insulating substrate SUB1. And then, an
extended part of the data signal wiring DL is formed on a
region where the data signal wiring terminal DTM is
formed.

[0262] Thereafter, the surface protective film PAS of the
thin-film transistor TFT is formed. On the region having the
data signal wiring terminal DTM, the through hole TH is
opened at a part of a region for forming the pad electrode
TC2 for connecting terminals (described later).

[0263] Subsequently, the pad electrode TC2 for connect-
ing terminals is formed using the same material and process
as the formation of the common signal electrode CE.

[0264] The pad electrode TC2 is formed so as to cover the
exposed part of the end of the data signal wiring DL. The
exposed part is formed by the through hole TH. The pad
electrode TC2 is electrically connected to the data signal
wiring DL via the through hole TH.

[0265] In the case where the above structure is adopted,
the video signal wiring terminal DTM as well as the scan-
ning signal wiring terminal GTM is made of a transparent
conductive film material which has excellent resistance to
moisture, chemicals, and corrosion. Hence, it is possible to
sufficiently obtain reliability on the exposed terminal.

[0266] Referring to FIGS. 15 and 16A to F', a specific
example of a forming method of Embodiment 1 will be
explained.

[0267] FIG. 15 is a diagram showing a process flow for
achieving the structure of Embodiment 1 of the present
invention. FIGS. 16A to 16F are section views taken along
line A-A' shown in FIG. 3 and FIGS. 16A' to 16F' arc
section views taken along B-B' shown in FIG. 3 when the
TFT substrate is formed according to the process flow of
FIG. 15. In Embodiment 1, to be specific, the TFT substrate
SUBI1 is completed after a photo lithography process having
six steps of (A) to (F).

[0268] The following explanation will be made in order of
steps.
[0269] Step (A)

[0270] The transparent insulating substrate SUB1 is pre-
pared and a Cr film is entirely formed thercon with a
thickness of 100 to 500 nm, preferably 150 to 350 nm by a
method such as a sputtering method.

[0271] And then, the Cr film is selectively etched by photo
lithography technique, and the scanning signal electrode GE,
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the scanning signal wiring GL, and the common signal
wiring CL are formed in a pixel region.

[0272] Further, the extended part of the scanning signal
wiring GL is formed in a region for forming the scanning
signal wiring terminal GTM, and the extended part of the
common signal wiring CL is formed on a region for forming
the common signal wiring terminal CTM. This is not shown
in FIGS. 16A to 16F".

[0273] Step (B)

[0274] Asilicon nitride film serving as the gate insulating
film GI is formed entirely on the transparent insulating
substrate SUB1 with a thickness of 200 to 700 nm, prefer-
ably 300 to 500 nm by a method such as plasma CVD
method.

[0275] Additionally, an amorphous silicon film is entirely
formed on the gate insulating film GI with a thickness of 50
to 300 nm, preferably 100 to 200 nm by a method such as
plasma CVD method, and an amorphous silicon film having
phosphorus doped as an n-type impurity is deposited suc-
cessively with a thickness of 10 to 100 nm, preferably 20 to
60 nm.

[0276] Subsequently, the amorphous silicon film is etched
using photo lithography technique to form a semiconductor
layer SI of the thin-film transistor TFT in a pixel region.

[0277] Step (C)

[0278] A Cr film is entirely formed on the transparent
insulating substrate SUBI1 with a thickness of 100 to 500
nm, preferably 150 to 350 nm by a method such as a
sputtering method.

[0279] Next, the Cr film is etched using photo lithography
technique. The data signal electrode SD serving as the
source and drain electrodes of the thin-film transistor TET,
the pixel electrode PX formed by extending the data signal
electrode SD, and the data signal wiring DL serving as an
extended part of the data signal electrode SD are formed in
a pixel region.

[0280] The extended part of the data signal wiring DL is
formed in a region for forming the terminal DTM of the data
signal wiring DL. This is not shown in FIGS. 16A to 16F".

[0281] Thereafter, the amorphous silicon film having
phosphorus doped as n-type impurity is etched while the
etching pattern of the Cr film serves as a mask.

[0282] A part of the pixel electrode PX forms a storage
capacity CSTG between the common signal wiring CL via
the gate insulating film GI.

[0283] Step (D)

[0284] A silicon nitride film serving as the surface pro-
tective film PAS of the thin-film transistor TFT is entirely
formed with a thickness of 200 to 900 nm, preferably 300 to
500 nm on the transparent insulating substrate SUB1 by a
method such as plasma CVD method.

[0285] And then, the surface protective film PAS and the
gate insulating film GI disposed on a lower layer of the
surface protective film PAS are etched using photo lithog-
raphy technique to form the through hole TH for partial
exposure of the common signal wiring CL in a pixel region.
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[0286] In addition, a through hole TH for exposing the
extended part of the scanning signal wiring GL is formed in
a region for forming the scanning signal wiring terminal
GTM, a through hole TH for exposing the extended part of
the common signal wiring CL is formed in a region for
forming the common signal wiring terminal CTM, and a
through hole TH for exposing the extended part of the data
signal wiring DL is formed in a region for forming the data
signal wiring terminal DTM.

[0287] Step (E)

[0288] An organic region or an inorganic polymer such as
the coating type insulating film OIL1, which is composed of
an insulating film such as an SOG film, is entirely applied
onto the transparent insulating substrate SUB1 with a thick-
ness of 0.5 to 4 um, preferably 0.5 to 1.5 #m by a method
such as spin coating method. An organic polymer contains a
variety of organic resins such as polyimide polymer, acrylic
polymer, epoxy polymer, and benzicyclobutene polymer,
and an inorganic polymer contains Si being soluble in an
organic solvent.

[0289] Subsequently, the coating type insulating film is
selectively formed using photo lithography technique.

[0290] A region to be selectively formed is at least a part
of a region where the common signal electrode CE, which
is composed of a transparent conductive film formed in the
step (G) (described later), and the data signal wiring DL are
superimposed on each other.

[0291] However, at least the coating type insulating film
OIL1 is not disposed on the following parts: on the pixel
electrode PX in a pixel region; on a through hole TH for
electrically connecting the common signal wiring CL and
the common signal electrode CE, which is composed of a
transparent conductive film formed in the step (G); on a
through hole TH for exposing the extended part of the
scanning signal wiring GL in a region for forming the
scanning signal wiring terminal GTM; on a through hole TH
for exposing the extended part of the common signal wiring
CL in a region for forming the common signal wiring
terminal GTM; and on a through hole TH for exposing the
extended part of the data signal wiring DL in a region for
forming the data signal wiring terminal DTM.

[0292] Step (F)

[0293] An ITO film serving as a transparent conductive
film is entirely formed on the transparent insulating substrate
SUBI with a thickness of 50 to 300 nm, preferably 70 to 200
nm by a method such as a sputtering method.

[0294] And then, the ITO film is etched using photo
lithography technique, and the common signal electrode CE
is formed in the pixel region, being connected to the
common signal wiring CL via the through hole TH.

[0295] The common signal electrode CE is partially super-
imposed on the data signal wiring DL via the coating type
insulating film OIL1 serving as an inter-layer insulating film
which is selectively formed.

[0296] Pad electrodes TC1 for the scanning signal wiring
terminal GTM and the common signal wiring terminal CTM
are respectively formed on the region for forming the
scanning signal wiring terminal GTM and the region for
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forming the common signal wiring terminal CTM. This is
not shown in FIGS. 16A to 161"

[0297] The pad electrode TC2 for the data signal wiring
terminal DTM is formed on the region for forming the data
signal wiring terminal DTM.

[0298]

[0299] Meanwhile, the color filter CF manufactured by a
staining method and the light shield pattern BM made of
Cr-containing or an organic materials are formed on the CF
substrate.

[0300] Thereafter, an overcoating film serving as a flat-
tening layer is formed, the TFT substrate and the CF
substrate are bonded to each other, the liquid crystal layer
LC is filled therebetween, and the polarizers POL1 and
POL2 are disposed on the exteriors of the substrates. Thus,
the liquid crystal display apparatus is completed.

[0301] In Embodiment 1, a photo-image forming insulat-
ing film is used as the coating type insulating film OIL1. The
pattern of the coating type insulating film OIL1 may be
formed by etching using a photo lithography process.

[0302] For example, the pattern of the coating type insu-
lating film OIL1 may be formed using a thermosetting
insulating film by a dry etching method in which oxygen is
used as reaction gas.

[0303] In this case, it is necessary to increase a film
thickness of resist used in the photo lithography process
because of reduction of a film thickness reduced by dry
etching.

[0304]

[0305] Next, a liquid crystal display apparatus will be
described according to Embodiment 2 of the present inven-
tion, referring to FIGS. 17 to 21.

[0306] In FIGS. 17 to 21, the same components used in
Embodiment 1 are indicated by the same reference numerals
and the description thereof is omitted.

[0307] FIG. 17 is a plan view showing a unit pixel of an
active-matrix liquid crystal display apparatus in Embodi-
ment 2 of the present invention.

[0308] FIG. 18 is a section view taken along line B-B'
shown in FIG. 17.

[0309] Embodiment 2 is different from Embodiment 1 in
that the scanning signal wiring GL as well as the data signal
wiring DL is superimposed on the common signal electrode
CE.

[0310] To be specific, the pattern of the coating type
insulating film OIL1 for reducing a capacity is selectively
formed according to the pattern of the data signal wiring DL
and the scanning signal wiring GL. The coating type insu-
lating film OILL1 is not disposed on the pixel electrode PX.

[0311] Therefore, in Embodiment 2, it is also possible to
reduce parasitic capacities of the data signal wiring DL and
the scanning signal wiring GL, prevent delay of a signal on
the wiring, and avoid an increase in driving voltage of liquid
crystal.

[0312] Further, it is possible to obtain insulation on a
superimposed part of the data signal wiring DL, the scanning

The TFT substrate is completed by the above steps.

[Embodiment 2]
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signal wiring GL, and the common signal electrode CE by
the filling and covering effect of the coating type insulating
film OIL1, and to prevent etching solution, which processes
the common signal electrode CE on the top layer, from
reaching the data signal wiring DL and the surface of the
scanning signal wiring GL via the defective part.

[0313] A pattern width of the scanning signal wiring GL is
set at WGL um, a pattern width of the coating type insulating
film OIL1 which is selectively formed according to the
pattern of the scanning signal wiring GL on a superimposed
part with the scanning signal wiring GL, and a pattern width
of the common signal electrode CE are defined as WGL um,
NIS024m and WCOM2um, respectively. In Embodiment 2,
it is also necessary to set the pattern widths of WGL
<WIS02<WCOM2 and WGL>0 on the superimposed part of
the scanning signal wiring GL and the common signal
electrode CE in order to sufficiently achieve the effect of
shielding an electric field of the scanning signal wiring GL.
and the effect of reducing a parasitic capacity of the scanning
signal wiring GL, as described in FIGS. 3 to 6 of Embodi-
ment 1.

[0314] Moreover, when break redundancy of the common
signal electrode CE is required on the pattern end of the
coating type insulating film OIL1, it is necessary to satisfy
WGL<WCOM2<WIS02 and WGL>0.

[0315] FIG. 19 is a section view taken along line B-B’
shown in Embodiment 2, in which the pattern of the com-
mon signal electrode CE is changed (WCOM2<WIS02) in
view of break redundancy of the common signal electrode
CE.

[0316] With the above structure, the black matrix BM can
be omitted on the scanning signal wiring GL as well as the
data signal wiring DL. Thus, it is possible to remarkably
increase a margin of positioning the transparent insulating
substrate SUB2 relative to the transparent insulating sub-
strate SUB1 and to improve an aperture ratio of the pixel.

[0317] Further, the common signal electrode CE is
extended in x direction as well as in y direction and is
arranged in a matrix form. Hence, a wiring resistance of the
common signal electrode CE can be also largely reduced.

[0318] FIG. 20 is a plan view showing a unit pixel of
Embodiment 2. The common signal wiring CL is disposed
on a layer where the common signal wiring CL, and the
common signal electrode CE is extended in Embodiment 2.

[0319] FIG. 21 is a section view taken along line B-B'
shown in FIG. 20.

[0320] The matrix form can remarkably reduce a wiring
resistance of the common signal electrode CE in a structure
of Embodiment 2.

[0321] Since it is not necessary to provide another com-
mon signal wiring CL for reducing a wiring resistance, an
aperture ratio can be improved accordingly.

[0322] Further, since it is not necessary to connect the
common signal wiring CL and the common signal electrode
CE via the through hole TH, a yield can be improved
accordingly.

[0323] In Embodiment 2, the common signal electrode CE
acting as the common signal wiring CL is composed of a
transparent conductive film made of a material such as ITO.
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When a resistance of the common signal wiring CL needs to
be lower, a metal such as Al and an alloy film can be used
instead of the transparent conductive film.

[0324] [Embodiment 3]

[0325] Aliquid crystal display apparatus in Embodiment 3
of the present invention will be explained referring to FIGS.
22 to 37.

[0326] In FIGS. 22 to 37, the same components used in
Embodiment 1 are indicated by the same reference numerals
and the description thereof is omitted.

[0327] In Embodiment 3, with respect to the structure of
an interlayer insulating film disposed on a superimposed part
of the data signal wiring DL or the scanning signal wiring
GL and the common signal electrode CE, the practical
embodiment having such a structure that an insulating film
on a pixel electrode PX is selectively removed will be
described while including a variation example.

[0328] FIG. 22 is a plan view showing a unit pixel of an
active-matrix liquid crystal display apparatus, which is a
basic of Embodiment 3 of the present invention.

[0329] FIG. 23 is a section view taken along line A-A'
shown in FIG. 22 and FIG. 24 is a section view taken along
line B-B' shown in FIG. 22.

[0330] Embodiment 3 is configured such that a coating
type insulating film OIL1 for reducing a capacity is formed
entirely on a substrate except for the pixel electrode PX, a
through hole TH for connecting electrode wiring, and an
exposed part for connecting terminals, as composed with
Embodiment 2 having the data signal wiring DL and the
scanning signal wiring GL superimposed on the common
signal electrode CE.

[0331] In other words, the coating type insulating film
OIL1 on the pixel electrode PX is selectively removed on the
superimposed part according to the pattern of the pixel
electrode PX. The same effects can be achieved as Embodi-
ment 2 regarding the effect of shielding an electric field on
wiring, the effect of reducing a parasitic capacity of wiring,
and the effect of reducing an increase in driving voltage of
liquid crystal.

[0332] In Embodiment 3, the coating type insulating film
OIL1 is formed on substantially the entire substrate. Thus,
even when a defect such as a pin hole, a crack, and a poor
adhesion part on a step height on a gate insulating film GI
and a surface protective film PAS of a thin-film transistor
TFT, it is possible to extend a region which benefits from the
filling and covering effects of the coating type insulating film
OIL1.

[0333] Further, it is possible to prevent an etching solution
from reaching an electrode and a wiring surface of a lower
layer via the defective part when the common signal elec-
trode CE is processed on the top layer. Hence, a region for
preventing dissolution of the electrode and wiring can be
also expanded.

[0334] As shown in FIG. 24, the common signal wiring
CL and the common signal electrode CE are connected to
each other via the through hole TH.

[0335] In Embodiment 3, the through hole TH of the
coating type insulating film OIL1 is smaller in diameter than



US 2002/0149729 Al

those of the surface protective film PAS and the gate
insulating film GI of the thin-film transistor. The surface
protective film PAS and the gate insulating film GI are
processed collectively. This aims at reducing a break when
the common signal electrode CE passes on a step height of
the end of the through hole TH.

[0336] The through hole TH is formed by collectively
processing the surface protective film PAS and the gate
insulating film GI of the thin film transistor. The end of the
through hole TH is filled into the coating type insulating film
OIL1. Thus, the final shape of the step on the end of the
through hole TH is determined by the shape of the coating
type insulating film OIL1.

[0337] In Embodiment 3, a photo-image material is used
as the coating type insulating film OIL1.

[0338] With this arrangement, the step height on the end of
the through hole TH is made smooth and a shape having a
gentle surface can be achieved. Consequently, the common
signal electrode CE can readily pass on the step, thereby
reducing defects resulted from a break.

[0339] Moreover, in Embodiment 3, a pattern width
WIS03um of the coating type insulating film OIL1, which is
selectively removed according to the pattern of the pixel
electrode PX, is smaller than a pattern width WPX um of the
pixel electrode PX (WIS03<WPX).

[0340] Hence, a step height appearing on the pattern end
of the coating type insulating film OIL1, which is selectively
removed, is disposed in the pixel electrode PX pattern. Thus,
it is possible to prevent a defect on picture quality such as
a coating defect of the upper orientation film on the step
height, an initial orientation defect of liquid crystal, and
abnormal switching (domain) of liquid crystal.

[0341] FIG. 25 is a section view taken along A-A' show-
ing the structure of Embodiment 3 in which the pattern of the
insulating film OIL1 is changed in FIG. 23. When the
influence of degradation in picture quality is negligible, the
degradation being resulted from a step height on the pattern
end of the insulating film OILI1, like Embodiment 3, a
pattern width WIS03 of the insulating film OIL1 may be
larger than a width WPX of the pixel electrode PX
(WIS03>WPX).

[0342] FIG. 26 is a section view taken along line A-A' as
a first application example of Embodiment 3, in which the
coating type insulating film OIL1 is selectively reduced in
thickness on the pixel electrode PX.

[0343] Aplan view of a unit pixel is similar to that of FIG.
22

[0344] To be specific, a part of the through hole TH pattern
is reduced in thickness on the coating type insulating film
OIL1 of FIG. 22.

[0345] Embodiment 3 is an example in which the coating
type insulating film OIL1 remains on the pixel electrode PX
with a thickness sufficiently small enough to avoid a large
increase in a driving voltage of liquid crystal. Hence, since
the coating type insulating film OIL1 can also cover and
protect the pixel electrode PX, it is possible to prevent an
etching solution from reaching the surface of the pixel
electrode PX on a lower layer via a defective part on the
surface protective film PAS of the thin-film transistor TFT
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when the common signal electrode CE is processed on the
top layer. It is also possible to prevent dissolution of the
pixel electrode PX.

[0346] In Embodiment 3, the following measure is appli-
cable as a method for selectively reducing a thickness of the
insulating film OIL1.

[0347] When an insulating film of a photo-image forming
type is used as the coating type insulating film OIL1, for
example, an exposure mask for a multi-gradation photo
lithography is used. Besides, it is possible to reduce the
thickness of the part of the coating type insulating film OIL1
by adjusting of an exposing strength of the film OIL1 in
multiple step with a plurality of exposure masks and varying
etching characteristics of the film OIL1 against a developing
solution.

[0348] In either case, it is necessary to completely remove
the coating type insulating film OIL1 from the through hole
TH and an exposed part for the connection of terminals.
Thus, three-step adjustment is necessary for a region where
the coating type insulating-film OIL1 remains, a region
decreasing in thickness, and a region for complete removal.

[0349] Further, the pattern of the coating type insulating
film OIL1 may be formed by etching after two photo
lithography processes using photoresist patterns.

[0350] For example, the pattern may be formed by dry
etching method using a thermosetting insulating film and
oXygen as reaction gas.

[0351] In this case, it is necessary to increase a thickness
of the resist, which is used in the photo lithography process,
in consideration of a thickness reduced by dry etching.

[0352] FIG. 27 is a section view taken along line A-A' as
a second application example of Embodiment 3, in which
the surface protective film PAS of the TFT is selectively
removed. The surface protective film PAS serves as an
insulating film on the pixel electrode.

[0353]
22.

[0354] To be specific, the pattern of the coating type
insulating film OIL1 of FIG. 22 is replaced with the surface
protective film PAS of the TFT.

[0355] In Embodiment 3, the coating type insulating film
OIL1 is not formed selectively.

[0356] Therefore, a parasitic capacity of wiring is reduced
on a superimposed part of the data signal wiring DL, the
scanning signal wiring GL, and the common signal electrode
CE as long as a thickness of the surface protective film PAS
of the TFT can be increased.

[0357] To be specific, a silicon nitride film (€=6.7) is used
as the surface protective film PAS of the TFT.

[0358] According to Embodiment 3, the surface protective
film PAS of the TFT that is disposed on the pixel electrode
is selectively removed from a super-imposing part of wiring
on the pixel electrode PX. Thus, as compared with a
conventional structure, an increase in driving voltage of
liquid crystal is further reduced rather than held down.

Aplan view of a unit pixel is similar to that of FIG.
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[0359] Reasons of this effect are as follows.

[0360] As described above, a driving voltage of liquid
crystal is increased because the insulating film disposed on
the pixel electrode PX forms a capacity connected in series
with liquid crystal and a voltage applied between the com-
mon signal electrode CE and the pixel electrode PX is
partially absorbed.

[0361] In Embodiment 3, when the insulating film dis-
posed on the pixel electrode PX is selectively removed in the
conventional structure, a liquid crystal layer L.C is addition-
ally disposed instead of the insulating layer on the selec-
tively removed region.

[0362] Regarding a driving voltage of the conventional
structure, a magnitude of a driving voltage in a selectively
removed structure is determined by a permittivity value of
liquid crystal which is enhanced from the TFT substrate
(SUB1) to the CF substrate (SUB2) when a voltage is
applied to liquid crystal additionally disposed in the selec-
tively removed region.

[0363] When a voltage is applied to additionally disposed
liquid crystal, in the case where a permittivity value evalu-
ated from the TFT substrate (SUB1) to the CF substrate
(SUB2) is higher than a permittivity of the selectively
removed insulating film, a capacity of the region is larger
than that of the conventional structure, and a voltage drop
can be accordingly reduced in the selectively removed
region.

[0364] Consequently, it is possible to apply voltage to
liquid crystal more effectively, thereby reducing a driving
voltage.

[0365] When a voltage is applied to liquid crystal disposed
on the selectively removed region, a permittivity value
evaluated from the TFT substrate (SUB 1) to the CF
substrate (SUB2) is perpendicular to a director of liquid
crystal in the case where Ae of liquid crystal is negative.
When Ae of liquid crystal is positive, the permittivity is in
parallel with a director of liquid crystal.

[0366] Here, in the case where Ae of liquid crystal is
negative, a permittivity value evaluated from the TFT sub-
strate (SUBL) to the CF substrate (SUB2) is perpendicular to
the director of liquid crystal even when no voltage is
applied. In the case where As of liquid crystal is positive,
and no voltage is applied to liquid crystal, the permittivity is
also perpendicular to the director of liquid crystal. There-
fore, a permittivity value is generally lower than that of the
selectively removed silicon nitride film (€=6.7).

[0367] When a voltage is applied, an electric field is
generated perpendicularly to the TFT substrate (SUBI) on
liquid crystal of a region on which the insulating film is
removed selectively.

[0368] In most liquid crystal on the region selectively
removed, an orientating state changes according to the
electric field direction, and the director of liquid crystal is set
perpendicular to the TFT substrate (SUB1). Therefore, when
a voltage is applied to liquid crystal, a permittivity value
evaluated from the TFT substrate (SUB1) to the CF substrate
(SUB2) is in parallel with the director of liquid crystal.

[0369] In general, a permittivity perpendicular to the
director of liquid crystal with negative As and a permittivity
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in parallel with the director of liquid crystal with positive Ae
are larger than that of the silicon nitride film. Hence, a
driving voltage is actually reduced in most cases.

[0370] In Embodiment 3, the silicon nitride film is used as
the surface protective film PAS of the selectively removed
TFT. The effect of Embodiment 3 is not limited to the above
structure. For example, when a silicon oxide film, which is
smaller in permittivity than the silicon nitride film, is used
as the selectively removed insulating film, the effect is more
remarkable.

[0371] Next, a third application example of Embodiment
3 will be explained in the following referring to FIGS. 28 to
36A to 36E".

[0372] To be specific, in Embodiment 3 shown in FIGS. 22
to 25, the TFT surface protective film PAS on a lower layer
is also selectively removed in a collective manner by using
the pattern of the coating type insulating film OIL, which is
selectively removed on the pixel electrode Px.

[0373] Embodiment 3 presents a structure in which a
driving voltage of liquid crystal can be lowered while
reducing a parasitic capacity of wiring.

[0374] FIG. 28 is a section view taken along line A-A'
shown in FIG. 22. The coating type insulating film OIL1
and the TFT surface protective film PAS are selectively
removed in a collective manner. FIG. 29 is a section view
taken along line B-B' shown in FIG. 22.

[0375] With this structure, the pattern of the coating type
insulating film OIL1 and the through hole TH of the TFT
surface protective film PAS and the gate insulating film GI
can be collectively processed in a single photo lithography
process. Thus, a photo lithography process can be omitted
for one time, thereby simplifying the process. Consequently,
a through put can be improved and the production cost can
be lowered.

[0376] Further, the surface protective film of the thin-film
transistor TFT and the gate insulating film GI can be
removed without causing misalignment of the pattern of the
first coating type insulating film OIL1. Thus, an alignment
margin of selective forming pattern or a selective removing
pattern can be reduced on the pixel electrode PX, the
through hole TH, and an exposed terminal. A region con-
tributing to an aperture ratio of a pixel can be increased
accordingly.

[0377] InEmbodiment 3, the laminated films including the
coating type insulating film OIL1 and the surface protective
film PAS of the TFT are removed collectively. Hence, a
height of a produced laminated step pattern is further
increased and a more serious side effect is likely to occur by
the step height.

[0378] InEmbodiment 3, a pattern width WIOS3um of the
coating type insulating film OIL1 is also smaller than a
pattern width WPX um of the pixel electrode PX
(WIOS3<WPX). The coating type insulating film OIL1 is
selectively removed according to the pattern of the pixel
electrode PX.

[0379] Therefore, a step height produced at the end of the
laminated step pattern, which is composed of the coating
type insulating film OIL1 and the surface protective film
PAS of the TFT which are selectively removed in a collec-
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tive manner, is placed within the pattern of the pixel elec-
trode PX. Hence, it is possible to prevent a defect on picture
quality such as a coating defect of the upper orientation film
on the step, an initial orientating defect of liquid crystal, and
abnormal switching (domain) of liquid crystal.

[0380] Moreover, when the above method is adopted, even
in the case where the coating type insulating film OIL1 for
reducing a capacity is arbitrarily formed on the superim-
posed part of wiring, it is possible to selectively remove the
insulating film on the pixel electrode PX and to further
reduce a driving voltage of liquid crystal, as compared with
the conventional structure.

[0381] FIG. 30 is a plan view showing a unit pixel of
Embodiment 3, in which the pattern of the insulating film
OIL1 is changed in the third application example shown in
FIGS. 28 and 29.

[0382] FIG. 31 is a section view taken along line A-A'
shown in FIG. 30.

[0383] In Embodiment 3, an opening of the coating type
insulating film OIL1, which is selectively removed, is larger
than that showing in FIG. 22.

[0384] Hence, it is possible to suppress an opening defect
resulted from a processing defect of the coating type insu-
lating film OIL1.

[0385] In Embodiment 3, one of the ends of the pattern of
the coating type insulating film OIL1 is placed within the
pattern of the common signal electrode and the other end is
placed within the pattern of the pixel electrode PX. Thus, it
is possible to prevent a defect on picture quality which is
derived from a coating defect of the upper orientation film
on a laminated step composed of the coating type insulating
film OIL1, the surface protective film PAS, which are
selectively removed in a collective manner, an initial orien-
tating defect of liquid crystal, abnormal switching (domain)
of liquid crystal, and so on.

[0386] In Embodiment 3, the insulating films on the pixel
electrode PX are collectively removed such that the surface
of the pixel electrode PX is exposed. The insulating films
increase a driving voltage of liquid crystal. Thus, it is
necessary to arrange the pattern of the coating type insulat-
ing film OIL1 and the pattern of the common signal elec-
trode CE in order to prevent a short circuit due to superim-
position of the patterns of the common signal electrode CE
and the pixel electrode PX which are formed after the
insulating film is removed.

[0387] Additionally, it is necessary to form and process the
pattern of the common signal electrode CE on the exposed
pixel electrode PX in Embodiment 3.

[0388] Therefore, to selective etching on a conductive film
material for forming the common signal electrode CE on an
upper layer is required as compared to a conductive film
material for forming the pixel electrode PX on a low layer.

[0389] For example, when the pixel electrode PX is made
of Al or is composed of an Al alloy film and the common
signal electrode CE is composed of a transparent conductive
film, for example, it is necessary to use a material such as an
amorphous ITO, IZO, and IGO as the common signal
electrode CE. These materials are etched with a weak acid
such as oxalic acid having a low etching rate of Al
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[0390] When the pixel electrode PX and the common
signal electrode CE are composed of a transparent conduc-
tive film, for example, a material such as an amorphous ITO,
IZ0, and IGO is used as the common signal electrode CE on
an upper layer. It is possible to perform etching with a weak
acid such as oxalic acid at a low etching rate. As the pixel
electrode PX on a lower layer, a polycrystalline material
such as ITO, IZO, and IGO is used which has a lower
etching rate by about two orders than the amorphous ITO,
IZ0, and IGO.

[0391] Besides, the conductive film materials of the pixel
electrode PX and the common signal electrode CE are not
particularly limited in the structure in which the pixel
electrode PX is not exposed when the common signal
electrode CE is processed, to be specific, regarding some
examples and so on described in some of Embodiments 1, 2,
and 3 of the present invention.

[0392] FIGS. 32A and 32B are section views showing an
end of the substrate of the active-matrix liquid crystal
display apparatus of a third application example shown in
FIGS. 28 to 32A and 32B.

[0393] FIG. 33A is a plan view showing a main part of the
terminal GTM for the scanning signal wiring GL. FIG. 33B
is a section view taken along line A-A' shown in FIG. 33A.
FIG. 34A is a plan view showing a main part of the terminal
DTM for the video image signal wiring DL. FIG. 34B is a
section view taken along line A-A' shown in FIG. 34A.

[0394] The plan views and section views of FIGS. 32A
and 32B to 34A and 34B in Embodiment 3 are identical to
those of FIGS. 12 to 14 of Embodiment 1 except for the
presence and absence of the coating type insulating film
OIL1, which is formed or removed selectively. Thus, the
explanation thereof is omitted.

[0395] Next, a specific example of a forming method
regarding a third application example shown in FIGS. 28 to
32A and 32B, will be explained in the following referring to
FIGS. 35 and 36A to 36E.

[0396] FIG. 35 is a diagram showing a process flow for
realizing the structure of the active-matrix liquid crystal
display apparatus of the third application example shown in
FIGS. 28 to 32A and 32B.

[0397] FIGS. 36A to 36E are section views taken along
line A-A' shown in FIG. 22 and FIGS. 36A to 36E' are
section views taken along line B-B' shown in FIG. 22 when
the TFT substrate is manufactured according to the process
flow of FIG. 35.

[0398] In the third application example, to be specific, the
TFT substrate SUB1 is completed after photo lithography
processes including five steps (A) to (E).

[0399] Eachstep of the present invention will be explained
in order of steps.
[0400] Step (A)
[0401] The transparent insulating substrate SUBL is pre-

pared and a Cr film is formed entirely thereon with a
thickness of 100 to 500 nm, preferably 150 to 350 nm, by a
method such as a sputtering method.

[0402] Next, the Cr film is selectively etched using photo
lithography technique, and the scanning signal electrode GE,
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the scanning signal wiring GL, and the common signal
wiring CL are formed in a pixel region.

[0403] Further, the extended parts of the scanning signal
wiring GL and the common signal wiring CL are respec-
tively formed in the regions for forming the scanning signal
wiring terminal GTM and the common signal wiring termi-
nal CTM. These are not shown in FIGS. 16A to 16F'.

[0404] Step (B)

[0405] A silicon nitride film serving as a gate insulating
film GI is entirely formed on the transparent insulating
substrate SUB1 with a thickness of about 200 to 700 nm,
preferably 300 to 500 nm by a method such as plasma CVD
method.

[0406] Further, an amorphous silicon film is formed on the
entire surface of the gate insulating film GI, with a thickness
of 50 to 300 nm, preferably 100 to 200 nm by a method such
as plasma CVD. An amorphous silicon film having phos-
phorus doped as n-type impurity is successively formed with
a thickness of 10 to 100 nm, preferably 20 to 60 nm. These
films are stacked in this order.

[0407] Next, the amorphous silicon film is etched using
photo lithography technique and the semiconductor layer SI
of the thin-film transistor TFT is formed in the pixel region.

[0408] Step (C)

[0409] A Cr film is entirely formed on the surface of the
transparent insulating substrate SUB1 with a thickness of
100 to 500 nm, preferably 150 to 350 nm by a method such
as a sputtering method.

[0410] Next, the Cr film is etched using photo lithography
technique. The data signal electrode SD serving as the
source and drain electrodes of the thin-film transistor TFT,
the pixel electrode PX formed by extending the data signal
electrode SD, and the data signal wiring DL serving as an
extended part of the data signal electrode SD are formed in
the pixel region.

[0411] In a region for forming the terminal DTM for the
data signal wiring DL, an extended part of the data signal
wiring DL is formed. This is not shown in FIGS. 16A to
16F".

[0412] Thereafter, etching is performed on an amorphous
silicon film, which has phosphorus doped as n-type impurity,
with a pattern of the etched Cr film serving as a mask.

[0413] A part of the pixel electrode PX forms a storage
capacity CSTG between the common signal wiring CL via
the gate insulating film GI.

[0414] Step (D)

[0415] A silicon nitride film serving as the surface pro-
tective film PAS of the thin-film transistor TFT is entirely
formed on the surface of the transparent insulating substrate
SUB1 with a thickness of 200 to 900 nm, preferably 300 to
500 nm by a method such as plasma CVD method.

[0416] Subsequently, the coating type insulating film
OIL1, which is composed of an insulating, is entirely
applied onto the transparent insulating substrate SUB1 with
a thickness of 0.5 to 4 um, preferably 0.5 to 1.5 um by a
method such as a spin coating method. The insulating film
such as SOG film, contains an organic resins such as
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polymide polymer, acrylic polymer, epoxy polymer, benzi-
cyclobutene polymer and so on, or an inorganic polymer
with Si which is soluble in an organic solvent.

[0417] Subsequently, the pattern of the coating type insu-
lating film OIL1 is selectively formed using photo lithog-
raphy technique.

[0418] A region to be selectively formed is substantially
the entire surface of the substrate except for the following
parts: a through hole TH for electrically connecting the
common signal electrode CE, which is formed on the pixel
electrode PX in step (E) and is composed of a transparent
conductive film, and the common signal wiring CL in a pixel
region, a through hole TH for exposing the extended part of
the scanning signal wiring GL in a region for forming the
scanning signal wiring terminal GTM, a through hole TH for
exposing the extended part of the common signal wiring CL.
in a region for forming the common signal wiring terminal
GTM, and a through hole TH for exposing the extended part
of the data signal wiring DL in a region for forming the data
signal wiring terminal DTM.

[0419] Subsequently, the surface protective film PAS of
the TFT and the gate insulating film GI positioned on a lower
layer of the surface protective film PAS are etched collec-
tively with the pattern of the coating type insulating film
OIL1, which is formed selectively, serves as a mask. Thus a
through holes TH are formed for exposing the surface of the
pixel electrode PX and partially exposing the common
signal wiring CL.

[0420] In addition, a through hole TH for exposing the
extended part of the scanning signal wiring GL is formed in
a region for forming the scanning signal wiring terminal
GTM, and a through hole TH for exposing the extended part
of the common signal wiring CL is formed in a region for
forming the common signal wiring terminal GTM, and a
through hole TH for exposing the extended part of the data
signal wiring DL is formed in a region for forming the data
signal wiring terminal DTM.

[0421] Step (E)

[0422] An ITO film serving as a transparent conductive
film is entirely formed on the surface of the transparent
insulating substrate SUB1 with a thickness of 50 to 300 nm,
preferably 70 to 200 nm by a method such as a sputtering
method.

[0423] And then, the ITO film is etched using photo
lithography technique. The common signal electrode CE
connected to the common signal wiring CL via the through
hole TH is formed in a pixel region.

[0424] The common signal electrode CE is disposed so as
to be partially superimposed on the data signal wiring DL
and the scanning signal wiring GL via the coating type
insulating film OIL1, which is an inter-layer insulating film
formed selectively.

[0425] Pad electrodes TC1 for the scanning signal wiring
terminal GTM and for the common signal wiring terminal
CTM are respectively formed in a region for forming the
scanning signal wiring terminal GTM and in a region for
forming the common signal wiring terminal CTM. These are
not shown in FIG. 16.

[0426] A pad electrode TC2 for forming the data signal
wiring terminal DTM is formed in a region for forming the
data signal wiring terminal DTM.
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[0427] In Embodiment 3, it is possible to perform selec-
tive etching the ITO film constituting the common signal
electrode CE on an upper layer, as compared with the Cr film
constituting the pixel electrode PX on a lower layer. Thus,
a condition of selective etching is achieved.

[0428] The TFT substrate is completed with the above-
mentioned steps.

[0429] In Embodiment 3, an insulating film of a photo-
image forming type is used as the coating type insulating
film OIL1. Naturally, instead of using as a mask the coating
type insulating film OIL1 formed in the step (D), selective
removal and formation may be carried out on a three-layer
laminated film composed of the coating type insulating film
OIL1, the surface protective film PAS of the TFT, and the
gate insulating film GI positioned on a lower layer of the
surface protective film PAS, by collective etching in a photo
lithography process using resist.

[0430] For example, etching may be carried out by a dry
etching method using oxygen as reaction gas while a ther-
mosetting insulating film is used as the coating type insu-
lating film OIL1.

[0431] In this case, it is necessary to increase a thickness
of the resist, which is used in the photo lithography process,
in consideration of a thickness reduced by etching carried
out on the coating type insulating film OIL1, and the
following collective dry etching performed on the surface
protective film PAS of the TFT and the gate insulating film
GI positioned on a lower layer of the surface protective film
PAS.

[0432] [Embodiment 4]

[0433] Aliquid crystal display apparatus in Embodiment 4
of the present invention will be explained referring to FIGS.
37 and 38.

[0434] In FIGS. 37 and 38, the same members as
Embodiment 1 are indicated by the same reference numerals
and the description thereof is omitted.

[0435] In Embodiment 4, an insulating film OIL2 is
formed so as to cover an exposed pixel electrode PX and a
common signal electrode CE of Embodiment 3.

[0436] The insulating film OIL2 is a second coating type
insulating film for improving a yield of manufacture pro-
cess.

[0437] FIG. 37 is a section view taken along line A-A'in
structure of Embodiment 4, in which is configured after an
insulating film OIL1 and a surface protective film PAS are
selectively removed for the pixel electrode and a TFT,
respectively, the insulating film OIL2 is formed so as to
cover the exposed pixel electrode PX and the common
signal electrode CE.

[0438] Since the insulating film OIL2 covers the surface,
it 1s possible to prevent degradation in picture quality of the
liquid crystal display apparatus. The degradation occurs
because a conductive film material for forming the pixel
electrode PX and the common signal electrode CE partially
flows into liquid crystal and electric/optical characteristics
of liquid crystal are affected, for example, a resistivity
decreases.
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[0439] Further, when the insulating film OIL2 is deposited
to cover a step height appearing on an end of the pattern of
the common signal electrode CE the coating type insulating
film OIL1 and an end of a laminated pattern that are
selectively removed of the surface protective film PAS of the
TFT, it is possible to prevent a defect on picture quality such
as a coating defect of an upper orientation film on the step
height, an initial orientating defect of liquid crystal, and
abnormal switching (domain) of liquid crystal.

[0440] As described above, the insulating film existing on
the common signal electrode CE and the pixel electrode PX
increases a driving voltage of liquid crystal. Hence, it is
necessary to set a type (permittivity) and a thickness of the
insulating film OIL2 in order to suppress an increase in
driving voltage within a permissible range.

[0441] Moreover, since a concentrated electric field can be
lowered on the surface of the electrodes by exposing the
pixel electrode PX and common signal electrode CE, it is
possible to prevent the occurrence of an afterimage that is
caused by locally applying a strong electric field on liquid
crystal LC and an orientating film ORI1.

[0442] A coating type insulating film, is formed as the
second coating type insulating film OIL2. The insulating
film such as SOG film, contains an organic resins such as
polyimide polymer, acrylic polymer, epoxy polymer, benzi-
cyclobutene polymer and so on, or an inorganic polymer
with Si which is soluble in an organic solvent. The thickness
is preferably set at 0.1 to 0.5 um.

[0443] Besides, when the second coating type insulating
film OIL2 is formed, it is necessary to form a through hole
TH for exposing an extended part of scanning signal wiring
GL in a region for forming a scanning signal wiring terminal
GTM, a through hole TH for exposing an extended part of
common signal wiring CL in a region for forming a common
signal wiring terminal GTM, and a through hole TH for
exposing an extended part of data signal wiring DL in a
region for forming a data signal wiring terminal DTM.

[0444] FIG. 38 is a section view taken along line A-A' in
the structure of Embodiment 4, the insulating film OIL2 is
formed so as to cover only the surface of the pixel electrode
PX and the common signal electrode CE is exposed, as
compared with FIG. 37.

[0445] In Embodiment 4, the second coating type insulat-
ing film OIL2 is formed so as to cover and protect substan-
tially the entire surface of the substrate as well as the surface
of the exposed pixel electrode PX after the coating type
insulating film OIL1 on the pixel electrode PX and the
surface protective film PAS of the TFT are collectively
removed and the surface of the pixel electrode PX is
exposed.

[0446] Therefore, in the following step, when the common
signal electrode CE is processed on the pixel electrode PX,
it is possible to prevent dissolution and a break on the pixel
electrode PX on a low layer and an electrode and wiring on
a lower layer. Dissolution and a break occurs through a
defective part such as a crack and a pin hole on the surface
protective film PAS of the TFT and on the gate insulating
film GI and a poor adhesion part on a step height.

[0447] Hence, it is not necessary to form and process a
pattern of the common signal electrode CE on the exposed
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pixel electrode PX. Thus, a conductive film material for
forming the pixel electrode PX and the common signal
electrode CE can be arbitrarily selected independently the
constraint that a conductive film material for forming the
common signal electrode CE on an upper layer is selectively
etched in contrast to a conductive film material for forming
the pixel electrode PX on a lower layer.

[0448] Further, unlike the structure of Embodiment 4
shown in FIG. 37, the second coating type insulating film
OIL2 exists only on the pixel electrode PX, not on the
common signal electrode CE.

[0449] Therefore, as compared with Embodiment 4 of
FIG. 37, it is possible to reduce a side effect of an increased
driving voltage of liquid crystal because of the presence of
the second coating type insulating film OIL2 on the common
signal electrode CE.

[0450] However, the effects of covering and protecting a
surface cannot be obtained on the common signal electrode
CE.

[0451] In Embodiment 4, the second coating type insulat-
ing film OIL2 is added for protecting the pixel electrode PX
and the wiring and electrodes on a lower layer when the
common signal electrode CE is processed. Even when only
a single-layer coating type insulating film OIL1 is provided
and the OILI1 has the effect of OIL2 of the present embodi-
ment, the same effect can be achieved.

[0452] In this case, an insulating film of the OIL1 is not
entirely removed in a region other than a selectively formed
region but a thin film remains therein, which is similar to the
structure shown in FIG. 26 of the first application example
of Embodiment 3.

[0453] Besides, when the second coating type insulating
film OIL2 is formed, it is necessary to form a through hole
TH for electrically connecting the common signal electrode
CE and the common signal wiring CL, a through hole TH for
exposing an extended part of the scanning signal wiring CL.
in a region for forming the scanning signal wiring terminal
GTM, and a through hole TH for exposing an extended part
of the data signal wiring DL in a region for forming the data
signal wiring terminal DTM.

[0454] [Embodiment 5]

[0455] Aliquid crystal display apparatus in Embodiment 5
of the present invention will be explained referring to FIG.
39. FIG. 39 is a section view taken along line A-A' shown
in Embodiment 5 of the present invention.

[0456] In FIG. 39, the same members as Embodiment 3
are indicated by the same reference numerals and the
description thereof is omitted.

[0457] In Embodiment 5, the insulating film OIL3 is
formed so as to fill and flatten a step height, which is formed
by selectively removing the coating type insulating films
OIL1 and the surface protective film PAS of the TFT on the
pixel electrode after the process flow of Embodiment 3,
shown in FIGS. 28 and 29.

[0458] OIL3 is an insulating film which is additionally
inserted for reducing a driving voltage. The insulating film
OIL3 is characterized by a permittivity which is higher than
that of an insulating film selectively removed in the same
region.
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[0459] In Embodiment 5, when an insulating film having
a high permittivity is additionally formed on a region where
the coating type insulating film OIL1 on the pixel electrode
and the surface protective film PAS of the TFT are selec-
tively removed, it is possible to reduce a driving voltage
regardless of a permittivity of liquid crystal. In this case, the
insulating film OIL3 with a higher permittivity is more
effective to reduce the driving voltage.

[0460] Further, according to Embodiment 5, the insulating
film OIL3 is disposed on a step height region where the
coating type insulating OIL1 and the surface protective film
PAS of the TFT are selectively removed. Thus, a difference
in a gap of a step height of liquid crystal LC, which is
sandwiched between the TFT substrate (SUB1) and the CF
substrate (SUB2), can be set substantially at 0, thereby
providing good display without any display defect caused by
variations in gap.

[0461] Besides, when the third coating type insulating film
OIL3 is formed, it is necessary to form a through hole TH
for exposing an extended part of the scanning signal wiring
GL in a region for forming a scanning signal wiring terminal
GTM, a through hole TH for exposing an extended part of
common signal wiring CL in a region for forming a common
signal wiring terminal GTM, a through hole TH for exposing
an extended part of data signal wiring DL in a region for
forming a data signal wiring terminal DTM.

[0462]

[0463] Aliquid crystal display apparatus in Embodiment 6
of the present invention will be explained referring to FIGS.
40 and 41.

[0464] In Embodiment 6, a TFT surface protective film
PAS of a lower layer is omitted and an insulating film OIL1,
which is formed by selectively removing a pixel electrode
PX, also acts as the TFT surface protective film.

[0465] FIG. 40 is a section view taken along line A-A' of
the structure in which the coating type insulating film OIL1
acts as the TFT surface protective film PAS in Embodiment
3 of FIG. 22. FIG. 41 is a section view taken along line
B-B'.

[Embodiment 6]

[0466] An inorganic insulating film such as a silicon
nitride film, which is formed by a vacuum process including
plasma CVD method, is normally used as the TFT surface
protective film PAS. Dry etching method, which is a vacuum
process, is used for processing the TFT surface protective
film PAS.

[0467] Problems in a sedimentary film formation method
such as plasma CVD method are requirement of a longer
time with a film thickness in the film formation and a lowing
of a through put.

[0468] Meanwhile, when a coating type organic insulating
film is used as the surface protective film PAS of the TFT,
a method such as a spin coating method is used for forming
the coating type insulating film OILI1. In spin coating
method, a film thickness is controlled by adjusting a vis-
cosity of a coating material. Thus, a thickness can be readily
increased unlike the sedimentary CVD method.
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[0469] A film-forming facility is inexpensive because no
vacuum process is used.

[0470] Additionally, when a coating type insulating film of
a photo-image forming type is used, it is not necessary to
conduct another dry etching step and it is possible to
selectively form the coating type insulating film OIL1 on a
superimposed part of wiring and selectively remove the
OIL1 on the pixel electrode PX with ecase.

[0471] Namely, when the coating type insulating film
OIL1 also acts as the surface protective film PAS, it is
possible to omit the steps of forming and processing the TFT
surface protective film PAS, thereby improving a through
put and largely cutting the production cost.

[0472] Moreover, the filling and covering effects due to
formation of OIL1 results in restoration of a pin hole, a
crack, a poor adhesion part on a step height on a lower layer
that are problems on the surface protective film PAS of the
TFT. Thus, it is possible to effectively suppress corrosion,
dissolution, and a break on various electrodes and wiring
that are disposed on a lower layer, thereby remarkably
improving a yield of process.

[0473] Also, it is also possible to reduce a short circuit
caused by an interlayer insulating defect of a superimposed
part of wiring. A reduction in parasitic capacity of wiring on
a superimposed part is compatible with a reduction in
driving voltage of liquid crystal.

[0474] In Embodiment 6, a back channel of an amorphous
silicon film SI, which is a channel semiconductor layer of
the TFT, is in direct contact with the coating type insulating
film OIL1.

[0475] Therefore, TFT characteristics may be affected, for
example, a fixed charge is generated on a contact interface
and leakage current increases on the back channel, regarding
film qualities and material characteristics of the amorphous
silicon film SI and the coating type insulating film OIL1. In
this case, another processing step is required for protecting
the back channel.

[0476] In Embodiment 6, before formation of the coating
type insulating film OIL1, a polar surface of the back
channel of the amorphous silicon film SI is oxidized and
protected by an oxygen plasma processing, in which the
substrate is entirely exposed to oxygen plasma.

[0477] InEmbodiment 6 above the inventors explained the
structure in which a black matrix BM extending in y
direction and x direction on a CF substrate (SUB2) is
omitted by using the function of a common signal electrode
CE serving as a self-shielding film. The common signal
electrode CE is superimposed on a data signal wiring DL
and scanning signal wiring GL. The black matrix BM may
remain as a reflection protecting film on the black matrix
BM on the CF substrate (SUB2).

[0478] In the above embodiment, the scanning signal
wiring GL is extended in x direction and is disposed in
parallel in y direction and the data signal wiring DL is
extended in y direction and is disposed in parallel in x
direction. The scanning signal wiring GL and the data signal
wiring DL may be replaced with each other.

[0479] Further, in Embodiment 6, the scanning signal
wiring GL is disposed on a lower layer and the data signal
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wiring DL is disposed on an upper layer via a gate insulating
film GI serving as an interlayer insulating film. The scanning
signal wiring GL and the data signal wiring DL may be
switched in the order of layers.

[0480] Besides, the order of layers of the wiring has a
relationship the structure of the TFT (described later).

[0481] Moreover, in Embodiment 6, the pixel electrode
PX and the common signal electrode CL are extended and
disposed in parallel in the same direction as the data signal
wiring DL. The electrodes may be extended and disposed in
parallel in the same direction as the scanning signal wiring
GL.

[0482] The structure of FIG. 8, in which the common
signal electrode CE and the pixel electrode PX are provided
with bent parts, is shown as a variation of structure in
Embodiment 1. However, the structure is not limited to
Embodiment 1. When the structure is applied to the other
embodiments, a multi-domain effect is added to the effects
exerted in the embodiments.

[0483] In the above embodiment, on the same layer as the
scanning signal electrode GE and the scanning signal wiring
GL, metallic wiring made of the same material in the same
process is used as the common signal wiring CL. On the
same layer as the data signal electrode SD and the data
signal wiring DL, the metal wiring may be made of the same
material in the same process.

[0484] Also, as described in the embodiments, the elec-
trode materials constituting the common signal electrode CE
are extended as they are to serve as the common signal
wiring CL.

[0485] As described in the embodiments, the electrode
materials constituting the data signal electrode SD may be
extended as they are to form the pixel electrode PX.

[0486] A material such as Cr is used for the metallic film
constituting the scanning signal electrode GE, the scanning
signal wiring GL, the data signal electrode SD, the data
signal wiring DL, the common signal wiring CL, and the
pixel electrode PX. For example, the electrodes and wiring
may be made of a high melting point metal such as Cr, Mo,
Ta, Ti, Nb, and W that are formed by sputtering and
evaporation, an alloy thereof, metal silicide, or a low-
resistance wiring material such as Al, and an Al alloy, or the
electrodes and wiring may be composed of a laminated film
composed of the above materials.

[0487] Further, as described in the embodiments, the pixel
electrode, the common signal electrode CE, and the common
signal wiring CL may be composed of transparent conduc-
tive films.

[0488] In the above embodiments, ITO (indium tin oxide)
is used for the transparent conductive film. It is also possible
to adopt another transparent conductive film made of indium
oxide such as IZO (indium zinc oxide) and IGO (indium
germanium oxide) because any transparent conductive film
can exert the same effect.

[0489] An amorphous silicon film-is used as a silicon film
constituting an electrode NSI, which is composed of a
silicon film doped with impurity. It is also possible to adopt
a polycrystalline silicon film, which is formed, for example,
by crystallizing the amorphous silicon film by heating or
laser annealing.
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[0490] As the gate insulating film GI and the protecting
insulating film, a silicon nitride film formed by a method
such as plasma CVD and sputtering is used. For example,
the films may be composed of insulating films such as a
silicon oxide film.

[0491] As the gate insulating film GI, it is also possible to
adopt an insulating film formed by partially oxidizing a
surface of metal constituting the scanning signal electrode
GE and the scanning signal wiring GL.

[0492] The structure including the surface protective film
PAS of the thin-film transistor TFT is explained in the above
embodiments as an example of the structure of the interlayer
insulating film on a superimposed part of wiring. The
following cases are all applicable: a laminated film having
the gate insulating film GI and the surface protective film
PAS of the thin-film transistor TFT is included; any one of
the gate insulating film GI or the surface protective film PAS
of the thin-film transistor TFT is not provided; and any of
them is not provided.

[0493] The above embodiments described that the struc-
ture of the present invention is adopted for the liquid crystal
display apparatus using an invert staggered TFT for a
switching element. The present invention is not limited to
the above structure. For example, the present invention is
applicable to a variety of TFT structures such as a positive
stagger-type TFT and a coplanar TFT.

[0494] [Embodiment 7]

[0495] A liquid crystal display apparatus according to
Embodiment 1 of the present invention will be explained
referring to FIGS. 42 and 43.

[0496] FIGS. 42 and 43 show an embodiment of an
active-matrix liquid crystal display apparatus according to
Embodiment 7 of the present invention. To be specific, a
positive stagger-type TFT is used for a switching element of
a pixel in FIGS. 28 and 29 of Embodiment 3.

[0497] FIG. 42 is a section view taken along line A-A',
and FIG. 43 is a section view taken along line B-B".

[0498] In the case of the structure of the normal positive
stagger-type TFT, the order of layers of the scanning signal
wiring GL and the data signal wiring DL via the gate
insulating film GI is reversed from the structure of the invert
staggered TFT, which was discussed in the series of fore-
going embodiments.

[0499] Therefore, when one of the data signal electrodes
SD is extended to form the pixel electrode PX, the pixel
electrode PX is disposed on the lowest layer.

[0500] An interlayer insulating film on a super-imposed
part of the data signal wiring DL and the common signal
electrode CE has a three-layer laminated insulating film
composed of the gate insulating film GI, the surface pro-
tective film PAS of the TFT, and the first coating type
insulating film OIL1.

[0501] Meanwhile, when the insulating films on the pixel
electrode PX are collectively removed, not only the TFT
surface protective film PAS on a lower layer but also the gate
insulating film GI is selectively removed in a collective
manner by using the insulating film OIL1 selectively
removed on the pixel electrode PX.
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[0502] Embodiment 7 using the structure of the positive
stagger-type TFT also exerts the same effects of reducing a
parasitic capacity of wiring and reducing a driving voltage
of liquid crystal.

[0503] The present invention is not limited to the struc-
tures of the above-mentioned embodiments. Any structure is
applicable as long as at least one of the number of insulating
film layers, a film thickness of a material constituting the
layers, and a permittivity of a material constituting the layers
is different between the superimposed part of wiring and on
the pixel electrode in order to reduce a parasitic capacity of
the superimposed part of wiring and a driving voltage of
liquid crystal.

[0504] According to the embodiments of the present
invention, in the plane switching liquid crystal display
apparatus in which the common signal electrode serving as
a reference electrode for shielding an electric field is super-
imposed via the interlayer insulating film on at least one of
the data signal wiring and the scanning signal wiring, and
another interlayer insulating film for reducing a parasitic
capacity is added on a superimposed part of wiring and is
selectively formed on the pixel electrode, it is possible to
reduce a parasitic capacity on a super-imposed part of wiring
and to prevent a short circuit between wiring without
increasing a driving voltage of liquid crystal.

[0505] Further, when the interlayer insulating film dis-
posed on the pixel electrode in the conventional structure is
selectively removed on a superimposed part of wiring, it is
possible to increase a capacity connected in series with
liquid crystal between the pixel electrode and the common
signal electrode and to efficiently apply voltage to liquid
crystal. Thus, a driving voltage can decrease.

[0506] Moreover, when the two effects are combined, a
reduction in parasitic capacity of wiring is compatible with
a reduction in driving voltage of liquid crystal.

[0507] Hence, it is possible to manufacture a high-permit-
tivity and high-performance liquid crystal display apparatus
with a high yield.

1. Aliquid crystal display apparatus, comprising: a pair of
substrates: and a liquid crystal layer sandwiched between the
substrates, the pair of substrates including a first substrate
having a plurality of scanning signal wiring, a plurality of
data signal wiring intersecting the scanning signal wiring in
a matrix form, and a plurality of thin-film transistors formed
on the intersections, the liquid crystal display apparatus
being configured such that at least a single pixel is formed
in each region surrounded by the plurality of scanning signal
wiring and data signal wiring, each pixel includes a common
signal electrode, which is connected to a plurality of pixels
via common signal wiring, and a pixel electrode connected
to the corresponding thin-film transistor, and a voltage
applied to the common signal electrode and the pixel elec-
trode generates in the liquid crystal layer an electric field
having a parallel component predominantly to the first
substrate,

wherein the common signal electrode and at least one of
the data signal wiring and the scanning signal wiring
are partially superimposed onto each other via an
interlayer insulating film, the super-imposed part forms
a capacity, at least one of insulating films included in
the interlayer insulating film is selectively formed at
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least on a part of a region on the pixel electrode at least
in the super-imposed part of the common signal elec-
trode and at least one of the data signal wiring and the
scanning wiring.

2. Alliquid crystal display apparatus, comprising a pair of
substrates and a liquid crystal layer sandwiched between the
substrates with liquid crystal of negative Ae, the pair of
substrates including a first substrate having a plurality of
scanning signal wiring, a plurality of data signal wiring
intersecting the scanning signal wiring in a matrix form, and
a plurality of thin-film transistors formed on the intersec-
tions, the liquid crystal display apparatus being configured
such that at least a single pixel is formed in each region
surrounded by the plurality of scanning signal wiring and
data signal wiring, each pixel includes a common signal
electrode, which is connected to a plurality of pixels via
common signal wiring, and a pixel electrode connected to
the corresponding thin-film transistor, and a voltage applied
to the common signal electrode and the pixel electrode
generates in the liquid crystal layer an electric field having
a parallel component predominantly to the first substrate,

wherein the common signal electrode and at least one of
the data signal wiring and the scanning signal wiring
are partially superimposed onto each other via an
interlayer insulating film, the super-imposed part form-
ing a capacity, and when SA denotes Equation 1 and SB
denotes Equation 2 (m=1), SA<SB is satisfied, where
n indicates the number of layers of the insulating films
included in the interlayer insulating film, ey indicates a
permittivity of an insulating film on k layer, dy. indi-
cates a film thickness of an insulating film of k layer, m
indicates the number of layers of insulating films
disposed between the pixel electrode and a first align-
ment film disposed on the pixel electrode on at least a
part of a region on the pixel electrode, €; indicates a
permittivity of an insulating film on L layer, d; indi-
cates a film thickness of L layer, and €; - indicates a
permittivity of liquid crystal in a perpendicular direc-
tion to a director of liquid crystal.

dy
&
=1
1 2
[ L 2od - ¥ dr
L] k=1 =1
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€L ‘Lc
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3. Aliquid crystal display apparatus, comprising a pair of
substrates and a liquid crystal layer sandwiched between the
substrates with liquid crystal of negative Ae, the pair of
substrates including a first substrate having a plurality of
scanning signal wiring, a plurality of data signal wiring
intersecting the scanning signal wiring in a matrix form, and
a plurality of thin-film transistors formed on the intersec-
tions, the liquid crystal display apparatus being configured
such that at least a single pixel is formed in each region
surrounded by the plurality of scanning signal wiring and
data signal wiring, each pixel includes a common signal
electrode, which is connected to a plurality of pixels, and a
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pixel electrode connected to the corresponding thin-film
transistor, and a voltage applied to the common signal
electrode and the pixel electrode generates in the liquid
crystal layer an electric field having a parallel component
predominantly to the first substrate,

wherein the common signal electrode and at least one of
the data signal wiring and the scanning signal wiring
are partially superimposed onto each other via an
interlayer insulating film, the super-imposed part form-
ing a capacity, and when SA denotes Equation 3 and SB
denotes Equation 4 (m=1), SA<SB is satisfied, where
n indicates the number of layers of the insulating films
included in the interlayer insulating film, €, indicates a
permittivity of an insulating film on k layer, di indi-
cates a film thickness of an insulating film of k layer, m
indicates the number of layers of insulating films
disposed on the pixel electrode at least in a part of a
region on the pixel electrode, €; indicates a permittivity
of an insulating film on L layer, d; indicates a film
thickness, and €; . indicates a permittivity of liquid
crystal in parallel with a director of liquid crystal.

1 3
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4. Aliquid crystal display apparatus, comprising a pair of
substrates and a liquid crystal layer sandwiched between the
substrates with liquid crystal of negative Ae, the pair of
substrates including a first substrate having a plurality of
scanning signal wiring, a plurality of data signal wiring
intersecting the scanning signal wiring in a matrix form, and
a plurality of thin-film transistors formed on the intersec-
tions, the liquid crystal display apparatus being configured
such that at least a single pixel is formed in each region
surrounded by the plurality of scanning signal wiring and
data signal wiring, each pixel includes a common signal
electrode, which is connected to a plurality of pixels, and a
pixel electrode connected to the corresponding thin-film
transistor, and a voltage applied to the common signal
electrode and the pixel electrode generates in the liquid
crystal layer an electric field having a parallel component
predominantly to the first substrate,

wherein the common signal electrode and at least one of
the data signal wiring and the scanning signal wiring
are partially superimposed onto each other via an
interlayer insulating film, the super-imposed part form-
ing a capacity, no insulating film existing between the
first alignment film and the pixel electrode which are
disposed on the first substrate, and when SA denotes
Equation 5 and SB denotes Equation 6, SA<SB is
satisfied, where n indicates the number of layers of the
insulating films included in the interlayer insulating
film, k indicates a permittivity of an insulating film on
k layer, dg indicates a film thickness of an insulating
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film on k layer, and €, indicates a permittivity in a
perpendicular direction to a director of liquid crystal.

1 (&)

£Lc 6)

5. Aliquid crystal display apparatus, comprising a pair of
substrates and a liquid crystal layer sandwiched between the
substrates with liquid crystal of positive Ae, the pair of
substrates including a first substrate having a plurality of
scanning signal wiring, a plurality of data signal wiring
intersecting the scanning signal wiring in a matrix form, and
a plurality of thin-film transistors formed on the intersec-
tions, the liquid crystal display apparatus being configured
such that at least a single pixel is formed in each region
surrounded by the plurality of scanning signal wiring and
data signal wiring, each pixel includes a common signal
electrode, which is connected to a plurality of pixels via
common signal wiring, and a pixel electrode connected to
the corresponding thin-film transistor, and a voltage applied
to the common signal electrode and the pixel electrode
generates in the liquid crystal layer an electric field having
a parallel component predominantly to the first substrate,

wherein the common signal electrode and at least one of
the data signal wiring and the scanning signal wiring
are partially superimposed onto each other via an
interlayer insulating film, the super-imposed part form-
ing a capacity, no insulating film existing between the
first alignment film and the pixel electrode which are
disposed on the first substrate, and when SA denotes
Equation 7 and SB denotes Equation 8, SA<SB is
satisfied, where n indicates the number of layers of the
insulating films included in the interlayer insulating
film, €, indicates a permittivity of an insulating film on
k layer, di indicates a film thickness of an insulating
film on k layer, and € indicates a permittivity in
parallel with a director of liquid crystal.

e ®)

6. The liquid crystal display apparatus according to claims
1 to 5, wherein between the interlayer insulating film and a
part of the pixel electrode, the interlayer insulating film
being formed on a superimposed part of the common signal
electrode and at least one of signal wiring of the data signal
wiring and the scanning signal wiring, the insulating film
being disposed between the first alignment film and the pixel
electrode that are formed on the first substrate at least on a
part of a region on the pixel electrode, a difference is made
at least in one of the number of layers of the insulating films,
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a film thickness of a material for forming the layer, and a
permittivity of a material for forming the layer.

7. The liquid crystal display apparatus according to claim
1, wherein the interlayer insulating film is composed of a
single layer and the single layer is selectively formed at least
on a part of a region on the pixel electrode, the interlayer
insulating film being formed on a superimposed part of the
common signal electrode and at least one of signal wiring of
the data signal wiring and the scanning signal wiring,.

8. The liquid crystal display apparatus according to claim
7, wherein the interlayer insulating film is a part of a first
insulating film serving as the gate insulating film of the
thin-film transistor or a part of a second insulating film
serving as a surface protecting film of the thin-film transis-
tor.

9. The liquid crystal display apparatus according to claim
7, wherein the interlayer insulating film is a third insulating
film other than the first insulating film serving as the gate
insulating film of the thin-film transistor or the second
insulating film serving as a surface protecting film of the
thin-film transistor.

10. The liquid crystal display apparatus according to
claim 1, wherein the interlayer insulating film is composed
of two layers, and at least one of the layers is selectively
formed at least on a part of a region on the pixel electrode,
the interlayer insulating film being formed on a superim-
posed part of the common signal electrode and at least one
of signal wiring of the data signal wiring and the scanning
signal wiring.

11. The liquid crystal display apparatus according to claim
10, wherein the interlayer insulating film is composed of two
layers including a part of the first insulating film serving as
the gate insulating film of the thin-film transistor and a part
of the second insulating film serving as a surface protecting
film of the thin-film transistor.

12. The liquid crystal display apparatus according to
claim 10, wherein in the interlayer insulating film, one of the
layers is a part of the first insulating film serving as the gate
insulating film of the thin-film transistor or a part of the
second insulating film serving as a surface protecting film of
the thin-film transistor, and

the other layer is a third insulating film other than the first
insulating film and the second insulating film, the third
insulating film being selectively formed at least on a
part of a region on the pixel electrode.

13. The liquid crystal display apparatus according to
claim 1, wherein the interlayer insulating film is composed
of three or more layers, the insulating film being formed on
a superimposed part of the common signal electrode and at
least one of signal wiring of the data signal wiring and the
scanning signal wiring, and at least one of the layers is
selectively formed at least on a part of a region on the pixel
electrode.

14. The liquid crystal display apparatus according to
claim 13, wherein the interlayer insulating film includes all
of a part of the first insulating film serving as the gate
insulating film of the thin-film transistor, a part of the second
insulating film serving as a surface protecting film of the
thin-film transistor, and the third insulating film other than
the first insulating film and the second insulating film, the
third insulating film being selectively formed at least on a
part of a region on the pixel electrode.

15. The liquid crystal display apparatus according to
claim 1, wherein at least on a part of a region on the pixel
electrode, the pattern of the interlayer insulating film, which
is formed selectively on a superimposed part of the common
signal electrode and at least one of signal wiring of the data
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signal wiring or the scanning signal wiring, is formed
according to the pattern of the data signal wiring or the
scanning signal wiring.

16. The liquid crystal display apparatus according to
claim 15, wherein when a width of the data signal wiring is
WDL, a width of the common signal electrode is WCOM1
on a part superimposed with the data signal wiring, and a
width of the interlayer insulating film selectively formed
according to the pattern of the data signal wiring is WIS01,
WDL<WIS01<WCOM1 and WDL>0 or
WDL<WCOM1<WIS01 and WDL>0 are established.

17. The liquid crystal display apparatus according to
claim 15, wherein when a width of the scanning signal
wiring is WGL, a width of the common signal electrode is
WCOM2 on a part superimposed with the scanning signal
wiring, and a width of the interlayer insulating film selec-
tively formed according to the pattern of the scanning signal
wiring is WIS02, WGL<WIS02<WCOM2 and WGL>0 or
WGL<WCOM2<WIS02 and WGL>0 are established.

18. The liquid crystal display apparatus according to
claim 1, wherein on the interlayer insulating film formed on
a superimposed part of the common signal electrode and the
data signal wiring, at least a part of the insulating film, which
is formed at least on a part of a region on the pixel electrode,
is selectively removed or reduced in thickness.

19. The liquid crystal display apparatus according to
claim 18, wherein at least a part of the insulating film, which
is formed at least on a part of a region on the pixel electrode,
is selectively removed or reduced in thickness according to
the pattern of the pixel electrode.

20. The liquid crystal display apparatus according to
claim 19, wherein when a width of the pixel electrode is
WPX and a width of the interlayer insulating film is WIS03
on a region in which the insulating film is selectively
removed or reduced in thickness according to the pattern of
the pixel electrode, WIS03<WPX and WIS03>0 are estab-
lished.

21. The liquid crystal display apparatus according to
claim 1, wherein at least in a region other than an exposed
region for connecting terminals, a fourth insulating film is
formed so as to cover at least the pixel electrode and the
common signal electrode.

22. The liquid crystal display apparatus according to
claim 1, wherein the second insulating film serving as the
surface protecting film of the thin-film transistor is omitted.

23. The liquid crystal display apparatus according to
claim 7, wherein the third insulating film and the fourth
insulating film are coating type insulating films.

24. The liquid crystal display apparatus according to
claim 23, wherein the coating type insulating film is formed
by a method such as printing and spin coating method, and
the coating type insulating film is an organic resin insulating
film or an insulating film containing Si.

25. The liquid crystal display apparatus according to
claim 23, wherein the coating type insulating film used as
the third insulating film is a photo-image type.

26. The liquid crystal display apparatus according to
claim 10, wherein the first insulating film serving as the gate
insulating film of the thin-film transistor, the second insu-
lating film serving as the surface protecting film of the
thin-film transistor, or a laminated film of the first insulating
film and the second insulating film is collectively processed
in a self-aligning manner by using the pattern of the third
insulating film formed selectively, and at least on a part of
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a region on the pixel electrode, the first insulating film, the
second insulating film, or the laminated film of the first and
second insulating films is formed selectively.

27. The liquid crystal display apparatus according to
claim 7, wherein the third insulating film has a thickness of
0.5 to 4.0 um.

28. The liquid crystal display apparatus according to
claim 7, wherein the third insulating film has a permittivity
of 1.5 to 6.5.

29. The liquid crystal display apparatus according to
claim 21, wherein the coating type insulating film used as
the fourth insulating film has a thickness of 0.1 to 0.5 zm.

30. The liquid crystal display apparatus according to
claim 1, wherein a fifth insulating film is selectively formed
with a permittivity of 7.0 or more so as to fill and flatten a
step height region appearing due to the interlayer insulating
film which is formed selectively on a superimposed part of
the common signal electrode and the data signal wiring on
at least a part of the region on the pixel electrode.

31. The liquid crystal display apparatus according to
claim 1, wherein the fifth insulating film is selectively
formed with a permittivity of 7.0 or more so as to fill and
flatten a step height, which is formed by selectively remov-
ing or reducing in thickness at least a part of an insulating
film formed at least on a part of a region on the pixel
electrode on the interlayer insulating film formed on a
superimposed part of the common signal electrode and the
data signal wiring.

32. The liquid ecrystal display apparatus according to
claim 1, wherein the common signal wiring is formed by
extending the common signal electrode on the same layer as
the common signal electrode.

33. The liquid ecrystal display apparatus according to
claim 1, wherein the common signal wiring is formed on the
same layer as the scanning signal wiring or the data signal
wiring, and the common signal wiring and the common
signal electrode are connected to each other via a through
hole, which is opened on the interlayer insulating film.

34. The liquid crystal display apparatus according to
claim 1, wherein the pixel electrode is composed of a
transparent conductive film made of indium oxide such as
indium tin oxide (ITO), indium zinc oxide (IZO), and
indium germanium oxide (IGO).

35. The liquid crystal display apparatus according to
claim 34, wherein the pixel electrode is composed of a
transparent conductive film made of polycrystalline indium
oxide.

36. The liquid crystal display apparatus according to
claim 1, wherein at least a part of the common signal
electrode is composed of a transparent conductive film made
of indium oxide such as indium tin oxide (ITO), indium zinc
oxide (IZO), and indium germanium oxide (IGO).

37. The liquid crystal display apparatus according to
claim 36, wherein the transparent conductive film made of
indium oxide is made of amorphous, the transparent con-
ductive film being included in at least a part of the common
signal electrode.

38. The liquid crystal display apparatus according to
claim 34, wherein a normally black mode is set in which
black display is provided when no electric field is generated
between the pixel electrode and the common signal elec-
trode.
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