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7) ABSTRACT

To form a sufficiently large storage capacitor, a liquid crystal
display device includes a liquid crystal display panel having
a first substrate, a second substrate, and a liquid crystal held
between the first substrate and the second substrate, the
liquid crystal display panel having multiple pixels arranged
in matrix. The first substrate has, in a transmissive display
area provided in each of the pixels, a laminated structure
containing a first transparent electrode, a first insulating film,
a second transparent electrode, a second insulating film, and
a third transparent electrode which are laminated in this
order. The first transparent electrode and the second trans-
parent electrode are electrically insulated from each other
and together form a first storage capacitor through the first
insulating film, and the second transparent electrode and the
third transparent electrode are electrically insulated from
each other and together form a second storage capacitor
through the second insulating film.
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LIQUID CRYSTAL DISPLAY DEVICE
COMPRISING A TRANSPARENT PIXEL
ELECTRODE CONNECTED WITH A THIN
FILM TRANSISTOR THROUGH A CONTACT
HOLE AND A TRANSPARENT COUNTER
ELECTRODE HAVING MULTIPLE SLITS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 14/985,606 filed Dec. 31, 2015, which is a
Continuation of U.S. application Ser. No. 14/502,108 filed
on Sep. 30, 2014, which is a Continuation of U.S. applica-
tion Ser. No. 13/718,467 filed on Dec. 18, 2012, which is a
Continuation of U.S. application Ser. No. 13/550,330 filed
on Jul. 16, 2012, which is a Continuation of U.S. application
Ser. No. 12/230,417 filed on Aug. 28, 2008. Priority is
claimed based on U.S. application Ser. No. 14/985,606 filed
Dec. 31, 2015, which claims priority from U.S. application
Ser. No. 14/502,108 filed on Sep. 30, 2014, which claims
priority from U.S. application Ser. No. 13/718,467 filed on
Dec. 18, 2012, which claims priority from U.S. application
Ser. No. 13/550,330 filed on Jul. 16, 2012, which claims
priority from U.S. application Ser. No. 12/230,417filed on
Aug. 28, 2008, which claims priority from Japanese appli-
cation JP 2007-228412 filed on Sep. 4, 2007, the content of
which is hereby incorporated by reference into this appli-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device, and more particularly, to a technology effec-
tively applied to a liquid crystal display device that has a
liquid crystal display panel with fine pixel dimensions.

2. Description of the Related Art

[0003] A liquid crystal display device is composed of a
pair of substrates (for example, glass substrates) and a liquid
crystal composition sealed in a gap between the substrates.
Specifically, in the case of an in-plane switching (IPS) liquid
crystal display device, for example, thin film transistors with
amorphous silicon or other semiconductor layers, pixel
electrodes, signal lines, scanning lines, gate electrodes,
counter electrodes, and the like are formed on one of the
substrates (hereinafter, referred to as TFT substrate),
whereas a light shielding film, a color filter, and the like are
formed on the other substrate (hereinafter, referred to as CF
substrate). The TFT substrate and the CF substrate are
arranged to face each other across a predetermined interval,
which is kept by a spacer, and are sealed with a sealant. A
liquid crystal composition is sealed between the substrates.
[0004] Pixels in a common liquid crystal display device
each have a storage capacitor. The storage capacitor is used
mainly to prevent feed-through voltage caused by a voltage
change in the scanning line or the signal line from affecting
the voltage of the pixel electrode during a hold period in
which the thin film transistor is off.

[0005] The storage capacitor is implemented by, for
example, the following four structures:

[0006] (1) Upper layer transparent pixel electrode/insulat-
ing film/lower layer transparent storage capacitor electrode.
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[0007] (2) Upper layer transparent pixel electrode/insulat-
ing film/lower layer metal storage capacitor electrode.
[0008] (3) Upper layer metal source (or drain) electrode/
insulating film/lower layer metal storage capacitor electrode.
[0009] (4) Upper layer metal source (or drain) electrode/
insulating film/intermediate metal storage capacitor elec-
trode/insulating film/lower layer polycrystalline silicon
source (or drain) electrode.

[0010] The above-mentioned structure (1) is described in,
for example, JP 08-179363 A, and the above-mentioned
structure (4) is described in, for example, JP 2000-180900 A.

SUMMARY OF THE INVENTION

[0011] When one of the electrodes that constitute the
storage capacitor is metal as in the above-mentioned struc-
tures (2) to (4), the non-transparent metal part makes it
difficult to raise the aperture ratio, particularly in the case of
a transmissive liquid crystal display device. It is therefore
preferred to employ transparent conductive materials for
both of the electrodes of the storage capacitor as in the
above-mentioned structure (1).

[0012] However, reducing the pixel dimensions for the
purpose of obtaining an ultra-high definition liquid crystal
display panel, such as one for portable terminal that have a
VGA-level resolution, accordingly reduces the area per
pixel that can be used to form the electrodes of the storage
capacitor.

[0013] The insulating film that forms the storage capacitor
can be thinned in response to the reduction in electrode area
only to a limited degree, because the insulating film needs to
retain a certain thickness in consideration of manufacture
vield. Then allocating the entire transmissive display area in
a single pixel to the electrodes of the storage capacitor that
has the structure (1) is not enough to prevent the storage
capacitor from being smaller.

[0014] The reduction in capacitance of the storage capaci-
tor is more prominent in IPS liquid crystal display panels,
where one of the electrodes is a planar transparent electrode
and the other electrode is a comb-shaped transparent elec-
trode which is formed above the former electrode with an
insulating film sandwiched between the two. This structure
(comb-shaped transparent electrode/insulating  film/flat
board-like transparent electrode) also functions as the stor-
age capacitor but, since a reduction in dimensions per pixel
reduces the comb teeth of the upper layer transparent
electrode in length and number, the capacitance of the
storage capacitor is made even smaller.

[0015] A parasitic capacitor, which is formed between the
pixel electrode and the scanning line or the signal line, is
also made smaller by a reduction in per-pixel dimensions
due to the coupling length being shortened by the reduction.
However, compared to the way the capacitance of the
storage capacitor, which is almost dependent on the per-
pixel area, is reduced the reduction in capacitance of the
parasitic capacitor is more gradual. Rather, the parasitic
capacitor is hardly reduced in capacitance since obtaining a
sufficient aperture ratio requires closing the planar gap
between the pixel electrode and the scanning line or the
signal line (or increasing the overlapping area), which
reduces the coupling interval of the parasitic capacitor. This
makes it difficult to form a sufficiently large storage capaci-
tor balanced with the parasitic capacitor even in the con-
ventional structure (1).



US 2019/0353967 A1l

[0016] If the storage capacitor is not large enough in
relation to the parasitic capacitor, the voltage of the pixel
electrode is easily affected by feed-through voltage, which is
caused by a voltage change in the scanning line or the signal
line, during a hold period in which the thin film transistor is
off. The resultant problem resides in that the image quality
is degraded from such phenomena as smearing and cross
talk.

[0017] The present invention has been made to solve the
aforementioned problems of prior art, and an object of the
present invention is therefore to provide a technology with
which a sufficiently large storage capacitor can be formed in
a display device that has a liquid crystal display panel with
fine pixel dimensions.

[0018] The above-mentioned and other objects and novel
characteristics of the present invention will be clarified by
the descriptions herein and the accompanying drawings.
[0019] Representative aspects of the present invention are
summarized as follows.

[0020] (1) A liquid crystal display device including: a
liquid crystal display panel having a first substrate, a second
substrate, and a liquid crystal held between the first substrate
and the second substrate, the liquid crystal display panel
having multiple pixels arranged in matrix; and a transmis-
sive display area provided in at least part of each of the
pixels, having a laminated structure containing a first trans-
parent electrode, a first insulating film, a second transparent
electrode, a second insulating film, and a third transparent
electrode which are laminated in this order with the first
transparent electrode closest to the first substrate. The first
transparent electrode and the second transparent electrode
are electrically insulated from each other and together form
a first storage capacitor through the first insulating film, and
the second transparent electrode and the third transparent
electrode are electrically insulated from each other and
together form a second storage capacitor through the second
insulating film.

[0021] (2) In the aspect (1), at least one of the first
insulating film and the second insulating film is a laminate
of multiple insulating films.

[0022] (3) In the aspect (1), the first insulating film and the
second insulating film are formed from one of the same
material and different materials.

[0023] (4) In the aspect (1), the first insulating film and the
second insulating film have one of the same refractive index
and different refractive indices.

[0024] (5) In the aspect (1), the transmissive display area
provided in at least part of each of the multiple pixels has a
third insulating film, which is placed on the first substrate
side of the first transparent electrode.

[0025] (6) In the aspect (5), the third insulating film has a
dielectric constant equal to or lower than a dielectric con-
stant of one of the first insulating film and the second
insulating film.

[0026] (7) In the aspect (5), the third insulating film is a
laminate of multiple insulating films.

[0027] (8) In the aspect (5), the first insulating film, the
second insulating film, and the third insulating film are
formed from one of the same material and different mate-
rials.

[0028] (9) In the aspect (1), the first transparent electrode,
the second transparent electrode, and the third transparent
electrode are formed from one of the same material and
different materials.
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[0029] (10) In the aspect (1), the first transparent elec-
trode, the second transparent electrode, and the third trans-
parent electrode have one of the same refractive index and
different refractive indices.

[0030] (11)Inthe aspect (1), the first transparent electrode,
the second transparent electrode, and the third transparent
electrode have one of the same thickness and different
thicknesses.

[0031] (12) In the aspect (1), the first transparent elec-
trode, the second transparent electrode, the third transparent
electrode, the first insulating film, and the second insulating
film are respectively set to such refractive indices and
thicknesses that, when combined, provide a no-reflection
condition with respect to at least a part of light whose
wavelength is within the visible light range.

[0032] (13) In the aspect (5). the first transparent elec-
trode, the second transparent electrode, the third transparent
electrode, the first insulating film, the second insulating film,
and the third insulating film are set respectively to such
refractive indices and thicknesses that, when combined,
provide a no-reflection condition with respect to at least a
part of light whose wavelength is within the visible light
range.

[0033] (14) In the aspect (1), the first transparent elec-
trode, the second transparent electrode, and the third trans-
parent electrode have one of the same area and different
areas.

[0034] (15) In the aspect (1), an overlap between the first
transparent electrode and the second transparent electrode
which is measured by area is the same as, or differs from, an
overlap between the second transparent electrode and the
third transparent electrode which is measured by area.
[0035] (16) In the aspect (1), the first substrate has a
reflective electrode in a reflective display area, which is
provided in at least part of each of the multiple pixels, and
the reflective electrode is electrically connected to at least
one of the first transparent electrode, the second transparent
electrode, and the third transparent electrode.

[0036] (17) In the aspect (1), the third transparent elec-
trode has multiple comb-teeth electrodes, and the liquid
crystal display device generates an electric field that has a
component parallel to a surface of the first substrate between
the third transparent electrode and the second transparent
electrode, and uses the electric field to drive a liquid crystal
on the surface side of the third transparent electrode.
[0037] (18) In the aspect (1), the third transparent elec-
trode has a shape of a flat board with a slit, and the liquid
crystal display device generates an electric field that has a
component parallel to a surface of the first substrate between
the third transparent electrode and the second transparent
electrode, and uses the electric field to drive a liquid crystal
on the surface side of the third transparent electrode.
[0038] (19) In the aspect (1), each of the multiple pixels
has a fourth transparent electrode, which is placed on the
second substrate side, and the liquid crystal display device
generates an electric field between the fourth transparent
electrode and the third transparent electrode, and uses the
electric field to drive a liquid crystal on the surface side of
the third transparent electrode.

[0039] (20) In any one of the aspects (1) to (18), each of
the multiple pixels has a thin film transistor, the third
transparent electrode is a counter electrode, the second
transparent electrode is a pixel electrode, and the first
transparent electrode is a storage capacitor electrode.
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[0040] (21) In the aspect (20), the first insulating film is a
laminate of a gate insulating layer and an interlayer insu-
lating layer with the gate insulating layer placed closer to the
first substrate, the third transparent electrode is connected to
a common electrode wiring line, the second transparent
electrode is connected to a first electrode of the thin film
transistor through an opening formed in the interlayer insu-
lating layer, and the first transparent electrode is connected
to a storage capacitor wiring line.

[0041] (22) In the aspect (20), the first insulating film is a
laminate of a gate insulating layer and an interlayer insu-
lating layer with the gate insulating layer placed closer to the
first substrate, the first transparent electrode is connected to
a common electrode wiring line, the second transparent
electrode is connected to a first electrode of the thin film
transistor through an opening formed in the interlayer insu-
lating layer, and the third transparent electrode is connected
to one of the first transparent electrode and the common
electrode wiring line through openings formed in the gate
insulating layer, the interlayer insulating layer, and the
second insulating film.

[0042] (23) In the aspect (20), the first transparent elec-
trode is connected to a storage capacitor wiring line, the
second transparent electrode is connected to a first electrode
of the thin film transistor, and the third transparent electrode
is connected to a common electrode wiring line.

[0043] (24) In the aspect (20), the first transparent elec-
trode is connected to a common electrode wiring line, the
second transparent electrode is connected to a first electrode
of the thin film transistor, and the third transparent electrode
is connected to one of the first transparent electrode and the
common electrode wiring line through openings formed in
the first insulating film and the second insulating film.

[0044] (25) In the aspect (20), the liquid crystal display
device has an interlayer insulating layer formed above a first
electrode of the thin film transistor, the first transparent
electrode is formed above the interlayer insulating layer, the
first transparent electrode is connected to a common elec-
trode wiring line, the second transparent electrode is con-
nected to the first electrode of the thin film transistor through
openings formed in the interlayer insulating layer and the
first insulating film, and the third transparent electrode is
connected to one of the first transparent electrode and the
common electrode wiring line through openings formed in
the first insulating film and the second insulating film.

[0045] (26) In the aspect (20), the liquid crystal display
device has an interlayer insulating layer formed above a first
electrode of the thin film transistor, the first transparent
electrode is formed above the interlayer insulating layer, the
third transparent electrode is connected to a common elec-
trode wiring line, the second transparent electrode is con-
nected to the first electrode of the thin film transistor through
openings formed in the interlayer insulating layer and the
first insulating film, the first transparent electrode is con-
nected to an insular transparent electrode pattern which is
formed within an opening in the first insulating film, and the
insular transparent electrode pattern is connected to the
common electrode wiring line through an opening formed in
the second insulating film.

[0046] (27) In the aspect (21) or (23), the common elec-
trode wiring line and the storage capacitor wiring line have
one of the same voltage and different voltages.
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[0047] (28) In the aspect (20), the first transparent elec-
trode in one pixel is separated from the first transparent
electrode in another pixel.

[0048] (29), In the aspect (20), the first transparent elec-
trode is one of common on a pixel row basis to be shared by
pixels in one pixel row, common on a pixel column basis to
be shared by pixels in one pixel column, and shared by all
pixels.

[0049] (30) In the aspect (20), the third transparent elec-
trode in one pixel is separated from the third transparent
electrode in another pixel.

[0050] (31), In the aspect (20), the third transparent elec-
trode is one of common on a pixel row basis to be shared by
pixels in one pixel row, common on a pixel column basis to
be shared by pixels in one pixel column, and shared by all
pixels.

[0051] (32) In the aspect (20), one of the first transparent
electrode and the second transparent electrode is connected
to a common electrode wiring line, the common electrode
wiring line is provided for each pixel row, and the common
electrode wiring line in each pixel row is shared.

[0052] (33) In the aspect (20), one of the first transparent
electrode and the second transparent electrode is connected
to a common electrode wiring line, the common electrode
wiring line is provided for each pixel row, and the common
electrode wiring line in one pixel row is independent from
the common electrode wiring line in another pixel row.
[0053] (34) In the aspect (21) or (23), the storage capacitor
wiring line is provided for each pixel row, and the storage
capacitor wiring line in each pixel row is shared.

[0054] (35)In the aspect (21) or (23), the storage capacitor
wiring line is provided for each pixel row, and the storage
capacitor wiring line in one pixel row is independent from
the storage capacitor wiring line in another pixel row.
[0055] (36) In the aspect (20), the first transparent elec-
trode and at least part of the first electrode of the thin film
transistor form a third storage capacitor through an insulat-
ing film that is inserted between the first transparent elec-
trode and the at least part of the first electrode of the thin film
transistor.

[0056] (37) In the aspect (21) or (23), part of the capacitor
storage wiring line and at least part of the first electrode of
the thin film transistor form a third storage capacitor through
an insulating film that is inserted between the part of the
storage capacitor wiring line and the at least part of the first
electrode of the thin film transistor.

[0057] (38) In any one of the aspects (1) to (19), each of
the multiple pixels has a thin film transistor, the first trans-
parent electrode and the third transparent electrode are pixel
electrodes, and the second transparent electrode is a counter
electrode.

[0058] (39) In the aspect (38), the first transparent elec-
trode is connected to a first electrode of the thin film
transistor, the second transparent electrode is connected to a
commorn electrode wiring line, and the third transparent
electrode is connected to the first electrode of the thin film
transistor through openings formed in the first insulating
film and the second insulating film.

[0059] (40) In the aspect (38), the first insulating film is a
laminate of a gate insulating layer and an interlayer insu-
lating layer with the gate insulating layer placed closer to the
first substrate, the first transparent electrode is connected to
a first electrode of the thin film transistor through an opening
formed in the gate insulating layer, the second transparent
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electrode is connected to a common electrode wiring line,
and the third transparent electrode is connected to the first
electrode of the thin film transistor through openings formed
in the interlayer insulating layer and the second insulating
film.

[0060] (41) In the aspect (38), the liquid crystal display
device has an interlayer insulating layer formed above a first
electrode of the thin film transistor, the first transparent
electrode is formed above the interlayer insulating layer, the
first transparent electrode is connected to the first electrode
of the thin film transistor through an opening formed in the
interlayer insulating layer, the second transparent electrode
is connected to a common electrode wiring line, and the
third transparent electrode is connected to the first transpar-
ent electrode through openings formed in the first insulating
film and the second insulating film.

[0061] (42) In the aspect (38), the first insulating film is a
laminate of a gate insulating layer and an interlayer insu-
lating layer with the gate insulating layer placed closer to the
first substrate, the first transparent electrode is connected to
the third transparent electrode through openings formed in
the gate insulating layer, the interlayer insulating layer, and
the second insulating film, the second transparent electrode
is connected to a common electrode wiring line, and the
third transparent electrode is connected to a first electrode of
the thin film transistor through openings formed in the
interlayer insulating layer and the second insulating film.

[0062] (43) In the aspect (38), the second transparent
electrode in one pixel is separated from the second trans-
parent electrode in another pixel.

[0063] (44) In the aspect (38), the second transparent
electrode is one of common on a pixel row basis to be shared
by pixels in one pixel row, common on a pixel column basis
to be shared by pixels in one pixel column, and shared by all
pixels.

[0064] (45) In the aspect (38), the second transparent
electrode is connected to a common electrode wiring line,
the common electrode wiring line is provided for each pixel
row, and the common electrode wiring line in each pixel row
is shared.

[0065] (46) In the aspect (38), the second transparent
electrode is connected to a common electrode wiring line,
the common electrode wiring line is provided for each pixel
row, and the common electrode wiring line in one pixel row
is independent from the common electrode wiring line in
another pixel row.

[0066] (47) In the aspect (38), the liquid crystal display
device has a storage capacitor wiring line formed on the first
substrate side of the first electrode of the thin film transistor,
and part of the capacitor storage wiring line and at least part
of the first electrode of the thin film transistor form a third
storage capacitor through an insulating film that is inserted
between the part of the storage capacitor wiring line and the
at least part of the first electrode of the thin film transistor.

[0067] An effect obtained from the representative embodi-
ments of the present invention disclosed in this application
is summarized as follows.

[0068] According to the present invention, a sufficiently
large storage capacitor can be formed in a liquid crystal
display device that has a liquid crystal display panel with
fine pixel dimensions.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0069] In the accompanying drawings:

[0070] FIGS. 1A and 1B are sectional views showing a
basic sectional structure of a main part of a pixel in a liquid
crystal display device according to a mode of carrying out
the present invention;

[0071] FIGS. 2A and 2B are schematic diagrams showing
a pixel structure in a liquid crystal display device according
to a first embodiment of the present invention;

[0072] FIG. 3 is a circuit diagram showing an equivalent
circuit that represents a single pixel in the liquid crystal
display device according to the first embodiment and in a
liquid crystal display device according to a third embodi-
ment of the present invention;

[0073] FIGS. 4A to 4H are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the first embodiment of the present
invention;

[0074] FIGS. 5A to 5D are sectional views showing the
sectional structures of terminal portions and interlayer con-
nection portions of the TFT substrate in the liquid crystal
display device according to the first embodiment of the
present invention;

[0075] FIGS.6A and 6B are schematic diagrams showing
a pixel structure in a liquid crystal display device according
to a second embodiment of the present invention;

[0076] FIG. 7 is a circuit diagram showing an equivalent
circuit that represents a single pixel in the liquid crystal
display device according to the second embodiment and in
liquid crystal display devices according to a fourth, fifth,
sixth, seventh, eighth, ninth, and tenth embodiments of the
present invention;

[0077] FIGS. 8A to 8G are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the second embodiment of the present
invention;

[0078] FIGS.9A and 9B are schematic diagrams showing
a pixel structure in the liquid crystal display device accord-
ing to the third embodiment of the present invention,
[0079] FIGS. 10A to 10G are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the third embodiment of the present
invention;

[0080] FIGS. 11A to 11D are sectional views showing the
sectional structures of terminal portions and interlayer con-
nection portions of the TFT substrate in the liquid crystal
display device according to the third embodiment of the
present invention;

[0081] FIGS. 12A and 12B are schematic diagrams show-
ing a pixel structure in the liquid crystal display device
according to the fourth embodiment of the present invention;
[0082] FIGS. 13A to 13F are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the fourth embodiment of the present
invention;

[0083] FIGS. 14A to 14D are sectional views showing the
sectional structures of terminal portions and interlayer con-
nection portions of the TFT substrate in the liquid crystal
display device according to the fourth embodiment of the
present invention;

[0084] FIGS. 15A and 15B are schematic diagrams show-
ing a pixel structure in the liquid crystal display device
according to the fifth embodiment of the present invention;
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[0085] FIGS. 16A to 16H are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the fifth embodiment of the present
invention;

[0086] FIGS. 17A to 17F are sectional views showing the
sectional structures of terminal portions and interlayer con-
nection portions of the TFT substrate in the liquid crystal
display device according to the fifth embodiment of the
present invention;

[0087] FIGS. 18A and 18B are schematic diagrams show-
ing a pixel structure in the liquid crystal display device
according to the sixth embodiment of the present invention;
[0088] FIGS. 19A to 19H are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the sixth embodiment of the present
invention;

[0089] FIGS. 20A to 20D are sectional views showing the
sectional structures of terminal portions and interlayer con-
nection portions of the TFT substrate in the liquid crystal
display device according to the sixth embodiment of the
present invention;

[0090] FIGS. 21A and 21B are schematic diagrams show-
ing a pixel structure in the liquid crystal display device
according to the seventh embodiment of the present inven-
tion;

[0091] FIGS. 22A to 22G are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the seventh embodiment of the present
invention;

[0092] FIGS. 23A to 23D are sectional views showing the
sectional structures of terminal portions and interlayer con-
nection portions of the TFT substrate in the liquid crystal
display devices according to the seventh and tenth embodi-
ments of the present invention;

[0093] FIGS. 24A and 24B are schematic diagrams show-
ing a pixel structure in the liquid crystal display device
according to the eighth embodiment of the present inven-
tion;

[0094] FIGS. 25A to 25H are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the eighth embodiment of the present
invention;

[0095] FIGS. 26A to 26D are sectional views showing the
sectional structures of terminal portions and interlayer con-
nection portions of the TFT substrate in the liquid crystal
display device according to the eighth embodiment of the
present invention;

[0096] FIGS.27A and 27B are schematic diagrams show-
ing a pixel structure in the liquid crystal display device
according to the ninth embodiment of the present invention;
[0097] FIGS. 28A to 28H are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the ninth embodiment of the present
invention;

[0098] FIGS. 29A to 29D are sectional views showing the
sectional structures of terminal portions and interlayer con-
nection portions of the TFT substrate in the liquid crystal
display device according to the ninth embodiment of the
present invention;

[0099] FIGS. 30A and 30B are schematic diagrams show-
ing a pixel structure in the liquid crystal display device
according to the tenth embodiment of the present invention;
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[0100] FIGS. 31A to 31G are diagrams showing steps of
manufacturing a TFT substrate in the liquid crystal display
device according to the tenth embodiment of the present
invention;

[0101] FIGS. 32A to 32] are schematic diagrams showing
modification examples of the pixel structures in the liquid
crystal display devices according to the first to tenth embodi-
ments of the present invention;

[0102] FIGS.33A to 33H are schematic diagrams showing
examples of a pixel structure in a liquid crystal display
device according to a twelfth embodiment of the present
invention;

[0103] FIG. 34A is a circuit diagram showing an equiva-
lent circuit that represents a single pixel in the liquid crystal
display device according to the twelfth embodiment of the
present invention, and

[0104] FIG. 34B is a circuit diagram showing a modifi-
cation example of the equivalent circuit that represents a
single pixel in the liquid crystal display device according to
the twelfth embodiment of the present invention; and
[0105] FIGS. 35A to 35C are circuit diagrams showing
modification examples of the equivalent circuits that repre-
sent a single pixel in the liquid crystal display devices
according to the first to tenth embodiments of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0106] Embodiments of the present invention will be
described below in detail with reference to the accompany-
ing drawings.

[0107] Throughout the drawings illustrating the embodi-
ments, components that have an identical function are
denoted by the same reference symbol in order to avoid
repetitive descriptions.

[Basic Structure]

[0108] FIGS. 1A and 1B show a basic sectional structure
of a main part of a pixel in a liquid crystal display device
according to a mode of carrying out the present invention.
Shown in FIG. 1A is a case where the present invention is
applied to an IPS liquid crystal display device, and shown in
FIG. 1B is a case where the present invention is applied to
a vertical-field driven liquid crystal display device. In either
case, a transmissive display area provided in at least a part
of each pixel has a laminated structure in which a first
transparent electrode EL1 is put on a first substrate SUB1
and then a first insulating film INS1, a second transparent
electrode EL2, a second insulating film INS2, a third trans-
parent electrode EL3, a first alignment film AL1, a liquid
crystal layer LC, a second alignment film A2, and a second
substrate SUB2 are laminated on top of the first transparent
electrode EL1 in the order stated.

[0109] In the case where the liquid crystal display device
displays color images, the above-mentioned pixels corre-
spond to sub-pixels. In the following description, one sub-
pixel in the case of color image display is treated as one
pixel.

[0110] The first transparent electrode EL1 and the second
transparent electrode EL2 are electrically insulated from
each other, and together form a first storage capacitor Cstl
through the first insulating film INS1. The second transpar-
ent electrode EL.2 and the third transparent electrode EL3
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are electrically insulated from each other, and together form
a second storage capacitor Cst2 through the second insulat-
ing film INS2.

[0111] As described in the following embodiments, the
first storage capacitor Cstl and the second storage capacitor
Cst2 may have the same capacitance or different capaci-
tances. The transmissive display area may further have a
third insulating film INS3, which is placed below the first
transparent electrode EL1, though not shown in FIGS. 1A
and 1B.

[0112] The first, second, and third insulating films (INS1
to INS3) may each be a laminate constituted of multiple
insulating films. The first, second, and third insulating films
(INS1 to INS3) may have the same material, dielectric
constant, refractive index, and thickness, or may have dif-
ferent materials, dielectric constants, refractive indices, and
thicknesses. The dielectric constant of the third insulating
film INS3 is desirably equal to or lower than the dielectric
constant of the first insulating film INS1 or of the second
insulating film INS2.

[0113] The first, second, and third transparent electrodes
(EL1 to EL3) may have the same material, refractive index,
thickness, and area or may have different materials, refrac-
tive indices, thicknesses, and areas. Desirably, the refractive
indices and thicknesses of the first, second, and third trans-
parent electrodes (EL1 to EL3) and the first, second, and
third insulating films (INS1 to INS3) are set so as to, when
combined, provide a no-reflection condition with respect to
at least some of light whose wavelength is within the visible
light range, respectively.

[0114] In the IPS liquid crystal display device of FIG. 1A,
the third transparent electrode EL3 has a comb teeth shape
in plan view, and the liquid crystal layer LC is driven by an
electric field E, which is generated between the third trans-
parent electrode EL3 and the second transparent electrode
EL2. The shape of the third transparent electrode EL.3 may
instead be like a slip, or a flat board with a slit, or a flat board
with an opening. In the case of a reflective or transflective
liquid crystal display device that employs an IPS display
mode, a reflective electrode provided in a reflective display
area, which is provided in at least a part of each pixel, is
electrically connected to at least one of the first transparent
electrode EL1 and the second transparent electrode EL2.
The first to third transparent electrodes (EL1 to EL3) can be
used in the following two ways:

[0115] (1) The second transparent electrode EL2 in one
pixel is separated from the second transparent electrode EL.2
in another pixel to serve as a pixel electrode, whereas the
first transparent electrode EL1 serves as a storage capacitor
electrode and the third transparent electrode EL3 serves as
a counter electrode. The first transparent electrode EL1 and
the third transparent electrode EL3 may be electrically
connected to or electrically insulated from each other. In the
case where the first transparent electrode EL1 and the third
transparent electrode EL3 are electrically insulated from
each other, the first transparent electrode EL1 and the third
transparent electrode EI.3 may have the same voltage or
different voltages. In the case of a reflective or transflective
liquid crystal display device that employs an IPS display
mode, particularly when the reflective electrode is connected
to the first transparent electrode EL1, the reflective electrode
may double as a storage capacitor wiring line.

[0116] (2) The first transparent electrode EL1 and the third
transparent electrode EL3 in one pixel are separated from
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the first and third transparent electrodes EL1 and EL3 in
another pixel, and are electrically connected to each other to
serve as pixel electrodes, whereas the second transparent
electrode EL2 serves as a counter electrode. The second
transparent electrode E1.2 in this case doubles as a storage
capacitor electrode. In the case of a reflective or transflective
liquid crystal display device that employs an IPS display
mode, particularly when the reflective electrode is connected
to the second transparent electrode EL2, the reflective elec-
trode may double as a storage capacitor wiring line.

[0117] The vertical-field driven liquid crystal display
device of FIG. 1B has a fourth transparent electrode EL4,
which is shaped like a flat board in plan view, between the
second alignment film A2 and the second substrate SUB2
as a counter electrode. The first transparent electrode EL1
and the third transparent electrode EL3 in one pixel are
separated from the first and third transparent electrodes EL1
and EL3 in another pixel, and are electrically connected to
each other. The third transparent electrode EL3 serves as a
pixel electrode that is shaped like a flat board in plan view.
The liquid crystal layer LC is driven by an electric field
generated between the third transparent electrode EI.3 and
the fourth transparent electrode EL4. The shapes of the third
transparent electrode EL3 and the fourth transparent elec-
trode EL4 in plan view may be like a flat board with a slit
or a flat board with an opening.

[0118] In the vertical-field driven liquid crystal display
device, the second transparent electrode EL2 serves as a
storage capacitor electrode, and the second transparent elec-
trode EL2 and the fourth transparent electrode EL4 may
have the same voltage or different voltages. In the case of a
reflective or transflective liquid crystal display device that
employs a vertical-field driven liquid crystal display mode,
a reflective electrode provided in a reflective display area,
which is provided in at least part of each pixel, is electrically
connected to at least one of the first to third transparent
electrodes EL1 to EL3. The reflective electrode may double
as a storage capacitor wiring line, particularly when con-
nected to the second transparent electrode EL2. The vertical-
field driven liquid crystal display mode discussed here may
be a known technology such as the VA mode, the TN mode,
the ECB mode, the OCB mode, and the polymer dispersed
type.

[0119] Embodiments in which the above-mentioned basic
structure is applied to an active matrix liquid crystal display
device with thin film transistors will now be described.

First Embodiment

[0120] A first embodiment of the present invention, as
well as second to sixth embodiments of the present invention
which will be described later, deals with an IPS liquid crystal
display device in which the second transparent electrode
EL2 serves as a pixel electrode, whereas the first transparent
electrode EL1 and the third transparent electrode EL3 serve
as a storage capacitor electrode and as a counter electrode,
respectively.

[0121] FIGS. 2A and 2B are schematic diagrams showing
a pixel structure in the liquid crystal display device accord-
ing to the first embodiment of the present invention. FIG. 2A
shows the sectional structure of a pixel and FIG. 2B shows
the plan view structure of the pixel on the TFT substrate
side. The sectional structure shown in FIG. 2A corresponds
to a view taken along the line A-A' shown in FIG. 2B.
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[0122] On the first substrate SUBI1, scanning lines SCN
and as many storage capacitor wiring lines STG are pro-
vided so that the former and the latter are associated with
each other on a one-on-one basis. Signal lines SIG intersect
with the scanning lines SCN and the storage capacitor
wiring lines STG with a gate insulating film INSI11 inter-
posed therebetween. Each pixel defined by the intersecting
scanning lines SCN and signal lines SIG is provided with a
thin film transistor TFT, a transparent storage capacitor
electrode EL1 (ST), which functions as the first transparent
electrode, and a transparent pixel electrode EL2 (P), which
functions as the second transparent electrode. The transpar-
ent storage capacitor electrode EL1 (ST) and the transparent
pixel electrode EL2 (P) have different areas as shown in FIG.
2B.

[0123] The storage capacitor wiring line STG and the
transparent storage capacitor electrode EL1 (ST) partially
overlap each other to be electrically connected to each other.
A gate electrode G of the thin film transistor TFT is
connected to the scanning line SCN, a drain electrode D of
the thin film transistor TFT is connected to the signal line
SIG, and a source electrode S of the thin film transistor TFT
is connected to the transparent pixel electrode EI2 (P)
through an opening (contact hole) CHI1 formed in a passi-
vation film INS12.

[0124] A laminate constituted of the passivation film
INS12 and the gate insulating film INS11 is used as the first
insulating film INS1. Through the first insulating film INS1,
the first storage capacitor Cstl is formed between the
transparent storage capacitor electrode EL1 (ST) and the
transparent pixel electrode EL2 (P).

[0125] Formed above those electrodes are the second
insulating film INS2, which serves as an interlayer insulat-
ing film, a common electrode wiring line COM, which is
shaped after the shape of the storage capacitor wiring line
STG and the signal line SIG, and a transparent counter
electrode EL3 (C), which functions as the third transparent
electrode. The second storage capacitor Cst2 is formed
between the transparent pixel electrode EL2 (P) and the
transparent counter electrode EL3 (C) through the second
insulating film INS2, whereby the TFT substrate is obtained.
[0126] The transparent counter electrode EL3 (C) and the
common wiring line COM directly overlap each other to be
electrically connected to each other and thereby lower the
overall resistance of the counter electrode. The first align-
ment film AL1 for aligning the liquid crystal layer L.C in a
given direction is formed in the topmost layer on the TFT
substrate.

[0127] On the second substrate SUB2, a light shielding
film (black matrix) BM, a color filter FIL whose color varies
from one pixel to another, a protective film (overcoat) OC,
and the second alignment film AL2 are formed to obtain a
counter substrate.

[0128] The first alignment film AL1 and the second align-
ment film ALL2 are each processed in advance so that liquid
crystal molecules are aligned in a given direction. The first
substrate SUB1 and the second substrate SUB2 are arranged
such that their alignment film formation faces are opposed to
each other across a predetermined interval, and the gap
between the two is filled with a nematic liquid crystal
composition having a positive dielectric anisotropy to form
the liquid crystal layer LC.

[0129] The transparent counter electrode EL3 (C) above
the transparent pixel electrode EL2 (P) has multiple slit-like
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openings SLT which run parallel to one another, and hence
an electric field having a component parallel to the surface
of the first substrate SUB1 is generated between the trans-
parent pixel electrode EL2 (P) and the transparent counter
electrode EL3 (C) through the liquid crystal layer LC. The
liquid crystal layer LC is driven by this electric field.
[0130] A retardation plate and polarization plate (not
shown) are disposed outside of the first substrate SUB1 and
the second substrate SUB2 to obtain a normally black (NB)
display mode liquid crystal display device. Drive circuits
(not shown) are connected to the scanning lines SCN, the
storage capacitor wiring lines STG, the signal lines SIG, and
the common electrode wiring lines COM.

[0131] FIG. 3 shows an equivalent circuit that represents
a single pixel in the liquid crystal display device according
to the first embodiment. The transparent pixel electrode E1.2
(P), or the source electrode S, is provided with a parasitic
capacitor Cgs, which is formed between the gate (G) and
source (S) of the thin film transistor TFT, and parasitic
capacitors Cds1 and Cds2, which are formed by the trans-
parent pixel electrode EL2 (P) and the signal lines SIG, in
addition to the first storage capacitor Cstl, the second
storage capacitor Cst2, and a pixel capacitor Cpx.

[0132] When the pixel dimensions are reduced to obtain
fine pixels, an equivalent storage capacitor sufficiently large
in relation to the parasitic capacitors including Cgs, Cdsl1,
Cds2, and the like can be formed from the parallel capaci-
tance of the first storage capacitor Cstl and the second
storage capacitor Cst2. This makes the voltage of the trans-
parent pixel electrode EL2 (P) less susceptible to feed-
through voltage, which is caused by a voltage change in the
scanning line SCN or the signal line SIG, during a hold
period in which the thin film transistor TFT is off. Phenom-
ena called smearing and cross talk can thus be reduced.
[0133] It also reduces the leakage of electric charges
accumulated in the transparent pixel electrode EL2 (P) and
the source electrode (S) during a hold period. Accordingly,
the electric field applied to the liquid crystal layer LC drops
less and degradation in image quality can be prevented.
[0134] Furthermore, since the first storage capacitor Cstl
and the second storage capacitor Cst2 are constituted of the
transparent storage capacitor electrode EL1 (ST), the first
insulating film INS1, the transparent pixel electrode EL2
(P), the second insulating film INS2, and the transparent
counter electrode EL3 (C), which are all transparent, form-
ing a storage capacitor that is sufficiently large in relation to
the parasitic capacitor does not lower the aperture ratio of
the transmissive display portion. The formation of a suffi-
ciently large storage capacitor and the securing of a suffi-
ciently high aperture ratio are thus accomplished simulta-
neously. Those effects of the first embodiment are shared by
the second to sixth embodiments and an eleventh embodi-
ment which will be described later.

[0135] In this embodiment and the third embodiment
described later, the storage capacitor wiring line STG in one
pixel row and the storage capacitor wiring line STG in
another pixel row may receive voltage application indepen-
dently of each other or commonly. The common electrode
wiring line COM and the transparent counter electrode EL3
(C) in one pixel row may receive voltage application inde-
pendently of those in another pixel row, or the common
electrode wiring line COM and the transparent counter
electrode EL3 (C) in one pixel column may receive voltage
application independently of those in another pixel column,
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though, from the standpoint of reducing the resistance of the
counter electrode, it is preferred to connect the common
electrode wiring line COM and the transparent counter
electrode EL3 (C) in one pixel to those in adjacent pixels so
that a voltage is applied commonly to all pixels. The voltage
of the storage capacitor wiring line STG and the voltage of
the common electrode wiring line COM may be the same,
which does not mean that the two always need to match.
[0136] FIGS. 4A to 4H show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the first embodiment.

[0137] In FIG. 4A, a film is formed from a transparent
conductive material such as ITO on the first substrate SUB1,
which is a transparent insulating member such as a glass
substrate. The film is treated by a photolithography process
to form the transparent storage capacitor electrode EL1 (ST).
[0138] In FIG. 4B, a film is formed from a metal material
to form the gate electrode G, the scanning line SCN (not
shown), and the storage capacitor wiring line STG simulta-
neously by a photolithography process. This layer is called
a gate layer. Part of the transparent storage capacitor elec-
trode EL1 (ST) is overlapped with part of the storage
capacitor wiring line STG, and hence the transparent storage
capacitor electrode EL1 (ST) and the storage capacitor
wiring line STG are electrically connected to each other.
[0139] In FIG. 4C, the gate insulating film INS11, which
is made of a transparent insulating material such as SiN,
SiQ, or Ta0, and a semiconductor layer a-Si, which is made
of amorphous silicon, are formed in succession, and only the
semiconductor layer a-Si is treated by a photolithography
process. A heavily doped n-type thin film (not shown) is
present on the top face of the semiconductor layer a-Si.
[0140] InFIG. 4D, a film is formed from a metal material
to form the source electrode S, the drain electrode D, and the
signal line SIG (not shown) simultaneously by a photoli-
thography process. This layer is called a drain layer. The
heavily doped n-type layer which is not covered with the
drain layer is removed at the same time when the drain layer
is treated.

[0141] In FIG. 4E, the passivation film INS12 is formed
from SiN. The passivation film INS12 and the gate insulat-
ing film INS11 are treated at once by a photolithography
process. The opening CHI is formed in a portion of the
passivation film INS12 that is located above the source
electrode S.

[0142] In FIG. 4F, a film is formed from a transparent
conductive material such as ITO and is treated by a photo-
lithography process to form the transparent pixel electrode
EL2 (P). The transparent pixel electrode FL2 (P) is electri-
cally connected to the source electrode S through the open-
ing CH1 in the passivation film INS12. A region in which the
transparent storage capacitor electrode EL1 (ST) and the
transparent pixel electrode EL2 (P) overlap each other
through the laminate constituted of the gate insulating film
INS11 and the passivation film INS12 serves as the first
storage capacitor Cstl.

[0143] In FIG. 4G, the second insulating film INS2 is
formed from SiN and is treated by a photolithography
process. By this photolithography process, a pixel portion is
not patterned, whereas openings are opened in terminal
portions and interlayer connection portions.

[0144] InFIG. 4H, a film is formed from a metal material
and is treated by a photolithography process to form the
common electrode wiring line COM.
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[0145] Lastly, a film is formed from a transparent conduc-
tive material such as ITO to cover the common electrode
wiring line COM, and is treated by a photolithography
process to form the transparent counter electrode EL3 (C) as
the one shown in FIG. 2A. The TFT substrate is thus
manufactured by conducting a photolithography process
nine times in total.

[0146] The steps of FIGS. 4A to 4F can be adopted from,
for example, a manufacturing process of an IPS liquid
crystal display device in which a comb-like pixel electrode,
or a pixel electrode having a slit, is formed on a planar
counter electrode (C) with an interlayer insulating film
interposed between the electrodes. Then, three subsequent
steps are added to the steps of FIGS. 4A to 4F.

[0147] The order in which the steps of FIGS. 4A and 4B
are executed may be reversed as long as the transparent
storage capacitor electrode EL1 (ST) and the storage capaci-
tor wiring line STG are electrically connected to each other.
[0148] In the first embodiment and the third embodiment
described later, a third storage capacitor Cst3 may be formed
in a region where the transparent storage capacitor electrode
EL1 (ST), or the storage capacitor wiring line STG formed
in the gate layer, overlaps with the source electrode S with
the gate insulating film INS11 interposed between the two
by letting the transparent storage capacitor electrode EL1
(ST) or the storage capacitor wiring line STG slip in under
the source electrode S. In this case, the third storage capaci-
tor Cst3 constitutes an equivalent circuit connected in par-
allel to the first storage capacitor Cstl as shown in FIG. 35A.
[0149] The sectional structures of the terminal portions
and the interlayer connection portions that are formed by the
manufacturing steps of the first embodiment are shown in
FIGS. 5A to 5D. FIG. 5A shows terminal portions of the
scanning line SCN and the storage capacitor wiring line
STG which are formed in the gate layer. FIG. 5B shows a
terminal portion of the signal line SIG which is formed in the
drain layer. FIG. 5C shows a connection portion between the
common electrode wiring line COM and the gate layer. FIG.
5D shows a connection portion between the common elec-
trode wiring line COM and the drain layer. In FIGS. 5A and
5B, TA represents a terminal portion as in FIGS. 11A and
11B, FIGS. 14A and 14B, FIGS. 17A to 17D, FIGS. 20A and
20B, FIGS. 23A and 23B, FIGS. 26A and 26B, and FIGS.
29A and 29B, which will be described later.

[0150] The transparent electrode EL2 is formed as shown
in the drawings in order to prevent the treatment of the
second insulating film INS2 from disturbing the gate insu-
lating film INS11 and the passivation film INS12 and in
order to prevent the treatment of the common electrode
wiring line COM from disturbing the gate layer and the drain
layer.

[0151] The structure of the first embodiment and the
structures of the second to eleventh embodiments described
later can also be applied to a reflective or transflective liquid
crystal display device of IPS display mode. In that case, a
reflective electrode is formed in part of the transparent
storage capacitor electrode EL1 (ST) or part of the trans-
parent pixel electrode EL2 (P) to be used as a reflective
display portion, which may be provided with a liquid crystal
layer thickness adjusting layer. Using a part of the storage
capacitor wiring line STG and a part of the common
electrode wiring line COM for the reflective electrode is
particularly preferred because it does not increase the num-
ber of the manufacturing steps.
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[0152] The structures of those embodiments are also appli-
cable to a liquid crystal display device that has both, within
one pixel, an IPS display mode transmissive display portion
of NB display mode and an IPS display mode reflective
display portion of normally white (NW) display mode.
[0153] In this embodiment and all the embodiments
described later, the transparent conductive material
employed may be SnO, InZnO, ZnO, or the like instead of
ITO. The transparent storage capacitor electrode EL1 (ST),
the transparent pixel electrode EL2 (P), and the transparent
counter electrode EL3 (C) are desirably set to thicknesses
that are appropriate in terms of manufacture yield and that
are appropriate in terms of optical design.

[0154] The gate layer, the drain layer, and the common
electrode wiring line COM may also employ Al, Cr, Cu, Mo,
Nd, Ta, Ti, W, Zr and other similar metal materials, or an
alloy of those materials.

[0155] The gate insulating film INS11, the passivation film
INS12, and the second insulating film INS2 may be formed
from SiO or TaO instead of SiN, or may also be a laminate
of SiO and TaO layers, or may partially contain an organic
insulating material such as photosensitive acrylic resin.
[0156] The gate insulating film INS11, the passivation film
INS12, and the second insulating film INS2 are desirably set
to thicknesses that are appropriate in terms of manufacture
vield as well as characteristics and reliability for a thin film
transistor TFT and a liquid crystal display device, and that
are appropriate in terms of optical design.

[0157] The semiconductor layer may be formed from
polycrystalline silicon, an organic semiconductor, crystal-
line silicon, or the like instead of amorphous silicon.
[0158] The shape in plan view of the transparent counter
electrode EL3 (C), which is located closest to the liquid
crystal layer LC, may be like a slip or comb-teeth instead of
a shape with multiple slit-like openings SUT which are
parallel to one another. The transparent counter electrode
EL3 (C) may also have a shape in plan view that makes it
possible to generate an electric field in multiple different
field directions, and hence the liquid crystal layer LC can
change to multiple domains having different alignment
directions upon application of an electric field to the liquid
crystal layer LC.

[0159] How the layers are treated does not need to be
limited to a photolithography process, and printing, ink jet,
or the like may be employed. The dielectric anisotropy of the
liquid crystal composition may also be negative, and the
liquid crystal composition does not always need to be a
nematic liquid crystal, depending on the display mode.

Second Embodiment

[0160] FIGS. 6A and 6B are schematic diagrams showing
a pixel structure in a liquid crystal display device according
to the second embodiment of the present invention. Shown
in FIG. 6A 1s the sectional structure of a pixel, and shown in
FIG. 6B is the plan view structure of the pixel on the TFT
substrate side. The sectional structure of FIG. 6A corre-
sponds to a view taken along the line A-A' shown in FIG.
6B.

[0161] The difference from the first embodiment is that,
instead of using the common electrode wiring line COM
between the transparent counter electrode EL3 (C) and the
second insulating film INS2, the second embodiment makes
the storage capacitor wiring line STG formed in the gate
layer double as the common electrode wiring line COM.
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[0162] The transparent counter electrode EL3 (C) in the
second embodiment is reduced in resistance as in the first
embodiment by forming openings (contact holes CH2 to
CH4) in a portion of the gate insulating film INS11, a portion
of the passivation film INS12, and a portion of the second
insulating film INS2 that are located above the common
electrode wiring line formed in the gate layer, and by
connecting the transparent counter electrode EL3 (C) to the
common electrode wiring line COM through the openings
(CH2 to CH4).

[0163] An equivalent circuit per pixel in the second
embodiment, where the storage capacitor wiring line STG
doubles as the common electrode wiring line COM, is as
shown in FIG. 7.

[0164] In the second embodiment, an equivalent storage
capacitor sufliciently large in relation to the parasitic capaci-
tors including Cgs, Cdsl1, and Cds2 can also be formed from
the parallel capacitance of the first storage capacitor Cstl
and the second storage capacitor Cst2, and the same effects
as in the first embodiment can be attained.

[0165] In this embodiment and the fourth embodiment
described later, a voltage may be applied commonly to the
common electrode wiring line COM in one pixel row and the
common electrode wiring line COM in another pixel row, or
the common electrode wiring line COM and the transparent
counter electrode EL3 (C) in one pixel row may be separated
from those in another pixel row to receive voltage applica-
tion independently of the other pixel row.

[0166] InFIG. 6B, the openings (CH2 to CH4) are formed
in the gate insulating film INS11, the passivation film
INS12, and the second insulating film INS2 as a connection
portion between the transparent counter electrode EL3 (C)
and the common electrode wiring line COM. The transpar-
ent counter electrode EL3 (C) accordingly has a smaller
region where the slit-like openings SUT are provided to
apply an electric field to the liquid crystal layer LC, and the
aperture ratio is lowered compared to FIG. 2B. However, the
structure of FIG. 6B has an advantage over the structure of
FIG. 2B in that the number of TFT substrate manufacturing
steps in the second embodiment is one step less than in the
first embodiment as described below.

[0167] FIGS. 8A to 8G show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the second embodiment. FIGS. 8A to 8D are the same as
FIGS. 4A to 4D described in the first embodiment.

[0168] FIG. 8E is similar to FIG. 4E except that the
openings (CH2 and CH3) are formed in a portion of the gate
insulating film INS11 and a portion of the passivation film
INS12 that are located above the common electrode wiring
line COM, in addition to forming the opening CH1 in a
portion of the passivation film INS12 that is located above
the source electrode S, by treating the gate insulating film
INS11 and the passivation film INS12 at once.

[0169] The step of FIG. 8F is the same as the step of FIG.
4F.
[0170] FIG. 8G is similar to FIG. 4G except that, when the

second insulating film INS2 is treated, an opening CH4 is
formed in a portion of the second insulating film INS2 that
is within the openings (CH2 and CH3) of the gate insulating
film INS11 and the passivation film INS12, thereby expos-
ing the surface of the common electrode wiring line COM in
the gate layer. Thereafter, a step corresponding to FIG. 4H
is skipped, and a film is formed from a transparent conduc-
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tive material such as ITO and treated by a photolithography
process to form the transparent counter electrode EL3 (C) as
the one shown in FIG. 6A.

[0171] The transparent counter electrode EL3 (C) and the
common electrode wiring line COM are electrically con-
nected to each other through the openings (CH2 to CH4) in
the gate insulating film INS11, the passivation film INS12,
and the second insulating film INS2.

[0172] The TFT substrate is thus manufactured by con-
ducting a photolithography process eight times in total.
[0173] As in the first embodiment, the steps of FIGS. 8A
to 8F can be adopted from a manufacturing process of an IPS
liquid crystal display device in which a comb-like pixel
electrode (P), or a pixel electrode (P) having a slit, is formed
on a planar counter electrode (C) with an interlayer insulat-
ing film interposed between the electrodes. Then, two sub-
sequent steps are added to the steps of FIGS. 8A to 8F.
[0174] As in the first embodiment, the order in which the
steps of FIGS. 8A and 8B are executed may be reversed as
long as the transparent storage capacitor electrode EL1 (ST)
and the common electrode wiring line COM are electrically
connected to each other.

[0175] In this embodiment and the fourth embodiment
described later, a third storage capacitor Cst3 may also be
formed in a region where the transparent storage capacitor
electrode EL1 (ST), or the common electrode wiring line
COM formed in the gate layer, overlaps the source electrode
S with the gate insulating film INS11 interposed between the
two by letting the transparent storage capacitor electrode
EL1 (ST) or the common electrode wiring line COM slip in
under the source electrode S. In this case, the third storage
capacitor Cst3 constitutes an equivalent circuit connected in
parallel to the first storage capacitor Cst1, the second storage
capacitor Cst2, and the pixel capacitor Cpx as shown in FIG.
35C.

[0176] The sectional structures of terminal portions that
are formed by the manufacturing steps of the second
embodiment are the same as those in FIGS. 5A and 5B. The
sectional structures of interlayer connection portions that are
formed by the manufacturing steps of the second embodi-
ment are the same as those in FIGS. 5C and 5D except for
the following points.

[0177] In other words, in the second embodiment where
the common electrode wiring line COM between the trans-
parent counter electrode EL3 (C) and the second insulating
film INS2 is not used, the sectional structures of the inter-
layer connection portions do not have the common electrode
wiring line COM between the transparent counter electrode
EL3 (C) and the second insulating film INS2 unlike those in
FIGS. 5C and 5D.

Third Embodiment

[0178] FIGS. 9A and 9B are schematic diagrams showing
a pixel structure in a liquid crystal display device according
to the third embodiment of the present invention. Shown in
FIG. 9A is the sectional structure of a pixel, and shown in
FIG. 9B is the plan view structure of the pixel on the TFT
substrate side. The sectional structure of FIG. 9A corre-
sponds to a view taken along the line A-A' shown in FIG.
9B.

[0179] The difference from the first embodiment is that the
third embodiment uses the passivation film INS12 as the
second insulating film INS2 by moving the transparent pixel
electrode EL2 (P) to a place between the gate insulating film
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INS11 and the passivation film INS12 and constituting the
first insulating film INS1 solely from the gate insulating film
INS11.

[0180] Accordingly, this embodiment can reduce one insu-
lating film and, in addition, can easily form a sufficiently
large storage capacitor in a pixel having reduced pixel
dimensions because the capacitance per unit area of the first
insulating film INS1 which constitutes the first storage
capacitor Cstl is increased.

[0181] In the first embodiment, the source electrode S of
the thin film transistor TFT and the transparent pixel elec-
trode EL2 (P) are connected to each other through an
opening formed in the passivation film INS12. In the third
embodiment, the source electrode S and the transparent
pixel electrode EL2 (P) are electrically connected each other
by an overlapping portion between the two.

[0182] With the need to form the opening of the passiva-
tion film INS12 in the pixel region eliminated, the area that
can be used to display increases and the aperture ratio is
improved. An equivalent circuit that represents a single pixel
in the third embodiment is the same as the one in the first
embodiment which is shown in FIG. 3.

[0183] In FIG. 9B where only one insulating film is
formed between the drain layer and the common electrode
wiring line COM and between the drain layer and the
transparent counter electrode EL3 (C), the parasitic capaci-
tance between the signal line SIG and the common electrode
wiring line COM tends to be larger than the parasitic
capacitance of FIG. 2B. However, the structure of FIG. 9B
has an advantage over the structure of FIG. 2B in that the
number of TFT substrate manufacturing steps in the third
embodiment is one step less than in the first embodiment as
described below.

[0184] FIGS. 10A to 10G show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the third embodiment. FIGS. 10A to 10D are the same as
FIGS. 4A to 4D described in the first embodiment.

[0185] In FIG. 10E, a film is formed from a transparent
conductive material such as ITO and treated by a photoli-
thography process to form the transparent pixel electrode
EL2 (P). The transparent pixel electrode EL2 (P) and the
source electrode S are electrically connected to each other
by an overlapping portion between the two (the circled
portion indicated by an arrow A). A region where the
transparent storage capacitor electrode EL1 (ST) and the
transparent pixel electrode EL2 (P) overlap each other with
the gate insulating film INS11 interposed between the elec-
trodes serves as the first storage capacitor Cstl.

[0186] In FIG. 10F, the passivation film INS12 is formed
from SiN, and the gate insulating film INS11 and the
passivation film INS12 are treated by a photolithography
process at once. By this photolithography process, a pixel
portion is not patterned, whereas openings are opened in
terminal portions and interlayer connection portions.
[0187] InFIG. 10G, a film is formed from a metal material
and is treated by a photolithography process to form the
common electrode wiring line COM.

[0188] Lastly, a film is formed from a transparent conduc-
tive material such as ITO to cover the common electrode
wiring line COM, and is treated by a photolithography
process to form the transparent counter electrode EL3 (C) as
the one shown in FIG. 9A. The TFT substrate is thus
manufactured by conducting a photolithography process
eight times in total.
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[0189] As in the first embodiment, the order in which the
steps of FIGS. 10A and 10B are executed may be reversed
as long as the transparent storage capacitor electrode EL1
(ST) and the common electrode wiring line COM are
electrically connected to each other.

[0190] A third storage capacitor Cst3 may also be formed
in a region where the transparent storage capacitor electrode
EL1 (ST) and the source electrode S overlap each other with
the gate insulating film INS11 interposed between the two
by letting the transparent storage capacitor electrode EL1
(ST) slip in under the source electrode S. In this case, the
third storage capacitor Cst3 constitutes an equivalent circuit
as the one shown in FIG. 35A.

[0191] The connection portion between the transparent
pixel electrode EL2 (P) and the source electrode S may also
have a structure reverse to the one shown in FIG. 9A, and
hence the source electrode S is laid on top of the transparent
pixel electrode EL2 (P) (see a structure indicated by an
arrow F shown in FIG. 9A), because the connection portion
is merely required to establish an electric connection
between the transparent pixel electrode EL2 (P) and the
source electrode S. This structure can be formed by revers-
ing the order in which the steps of FIG. 10D and FIG. 10E
are executed.

[0192] The sectional structures of the terminal portions
and the interlayer connection portions that are formed by the
manufacturing steps of the third embodiment are shown in
FIGS. 11A to 11D. FIG. 11A shows terminal portions of the
scanning line SCN and the storage capacitor wiring line
STG which are formed in the gate layer. FIG. 11B shows a
terminal portion of the signal line SIG which is formed in the
drain layer. FIG. 11C shows a connection portion between
the common electrode wiring line COM and the gate layer.
FIG. 11D shows a connection portion between the common
electrode wiring line COM and the drain layer.

[0193] The common electrode wiring line COM is formed
as shown in the drawings in order to prevent the treatment
of the common electrode wiring line COM from disturbing
the gate layer and the drain layer.

Fourth Embodiment

[0194] FIGS. 12A and 12B are schematic diagrams show-
ing a pixel structure in a liquid crystal display device
according to the fourth embodiment of the present invention.
Shown in FIG. 12A is the sectional structure of a pixel, and
shown in FIG. 12B is the plan view structure of the pixel on
the TFT substrate side. The sectional structure of FIG. 12A
corresponds to a view taken along the line A-A' shown in
FIG. 12B.

[0195] The difference from the third embodiment is that,
instead of using the common electrode wiring line COM
between the transparent counter electrode EL3 (C) and the
passivation film INS12, the fourth embodiment makes the
storage capacitor wiring line STG formed in the gate layer
double as the common electrode wiring line COM as in the
second embodiment.

[0196] The transparent counter electrode EL3 (C) in the
fourth embodiment is reduced in resistance as in the third
embodiment by forming openings (contact holes CH1 and
CH2) in a portion of the gate insulating film INS11 and a
portion of the passivation film INS12 that are located above
the common electrode wiring line COM formed in the gate
layer, and by connecting the transparent counter electrode
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EL3 (C) to the common electrode wiring line COM through
the openings (CH1 and CH2).

[0197] An equivalent circuit per pixel in the fourth
embodiment, where the storage capacitor wiring line STG
doubles as the common electrode wiring line COM, is the
same as the one described in the second embodiment with
reference to FIG. 7.

[0198] In FIG. 12B. the openings (CH1 and CH2) are
formed in the gate insulating film INS11 and the passivation
film INS12 as a connection portion between the transparent
counter electrode EL3 (C) and the common electrode wiring
line COM. The transparent counter electrode EL3 (C)
accordingly has a smaller region where the slit-like openings
SLT are provided to apply an electric field to the liquid
crystal layer LC, and the aperture ratio is lowered compared
to FIG. 9B. However, the structure of FIG. 12B has an
advantage over the structure of FIG. 9B in that the number
of TFT substrate manufacturing steps in the fourth embodi-
ment is even smaller (by one step) than in the third embodi-
ment as described below.

[0199] FIGS. 13A to 13F show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the fourth embodiment. FIGS. 13A to 13E are the same as
FIGS. 10A to 10E described in the third embodiment.
[0200] FIG. 13F is similar to FIG. 10F except that the
openings (CH1 and CH2) are formed in a portion of the gate
insulating film INS11 and a portion of the passivation film
INS12 that are located above the common electrode wiring
line COM, in addition to forming openings in terminal
portions and interlayer connection portions, by treating the
gate insulating film INS11 and the passivation film INS12 at
once, thus exposing the surface of the common electrode
wiring line COM formed in the gate layer.

[0201] Thereafter, a step corresponding to FIG. 10G is
skipped, and a film is formed from a transparent conductive
material such as ITO and treated by a photolithography
process to form the transparent counter electrode EL3 (C) as
the one shown in FIG. 12A. The transparent counter elec-
trode EL3 (C) and the common electrode wiring line COM
are electrically connected to each other through the openings
(CH1 and CH2) in the gate insulating film INS11 and the
passivation film INS12. The TFT substrate is thus manufac-
tured by conducting a photolithography process seven times
in total.

[0202] As in the third embodiment, the order in which the
steps of FIGS. 13A and 13B are executed may be reversed
as long as the transparent storage capacitor electrode EL1
(ST) and the common electrode wiring line COM are
electrically connected to each other.

[0203] A third storage capacitor Cst3 may also be formed
in a region where the transparent storage capacitor electrode
EL1 (ST) and the source electrode S overlap each other with
the gate insulating film INS11 interposed between the two
by letting the transparent storage capacitor electrode EL1
(ST) slip in under the source electrode S. In this case, the
third storage capacitor Cst3 constitutes an equivalent circuit
as the one shown in FIG. 35C.

[0204] As is the case for the connection portion between
the transparent pixel electrode EL2 (P) and the source
electrode S in the third embodiment, the connection portion
between the transparent pixel electrode EL2 (P) and the
source electrode S in the fourth embodiment may also have
a structure reverse to the one shown in FIG. 12A, and hence
the source electrode S is laid on top of the transparent pixel
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electrode EL2 (P), because the connection portion is merely
required to establish an electric connection between the
transparent pixel electrode EL2 (P) and the source electrode
S. This structure can be formed by reversing the order in
which the steps of FIG. 13D and FIG. 13E are executed.
[0205] The sectional structures of the terminal portions
and the interlayer connection portions that are formed by the
manufacturing steps of the fourth embodiment are shown in
FIGS. 14A to 14D. In the fourth embodiment where the
common electrode wiring line COM between the transparent
counter electrode EL3 (C) and the passivation film INS12 is
not used, the sectional structures of the terminal portions and
the interlayer connection portions do not have the common
electrode wiring line COM between the transparent counter
electrode EL3 (C) and the passivation film INS12 unlike
those in FIGS. 11A to 11D.

Fifth Embodiment

[0206] In the first to fourth embodiments, limitations are
put on the material and thickness of the gate insulating film
and the passivation film in consideration of the characteris-
tics and reliability of the thin film transistor TFT, and an
insulating film used for a storage capacitor is also bound by
the limitations. In the fifth embodiment and the sixth
embodiment described later, the first and second storage
capacitors are moved to a layer above the passivation film
and are each formed from a dedicated insulating film,
thereby increasing the degree of freedom in selecting a
material, a thickness, and the like for the first and second
insulating films used for storage capacitors.

[0207] FIGS. 15A and 15B are schematic diagrams show-
ing a pixel structure in a liquid crystal display device
according to the fifth embodiment of the present invention.
Shown in FIG. 15A is the sectional structure of a pixel, and
shown in FIG. 15B is the plan view structure of the pixel on
the TFT substrate side. The sectional structure of FIG. 15A
corresponds to a view taken along the line A-A' shown in
FIG. 15B.

[0208] On a first substrate SUBI, signal lines SIG are
formed to intersect with scanning lines SCN with a gate
insulating film INS11 interposed therebetween. Each pixel
defined by the intersecting scanning lines SCN and signal
lines SIG is provided with a thin film transistor TFT and a
transparent pixel electrode EL2 (P), which functions as the
second transparent electrode.

[0209] As shown in FIG. 15A, a transparent storage
capacitor electrode EL1 (ST), which functions as a first
transparent electrode, is formed between a passivation film
INS12 of the thin film transistor TFT and a first insulating
film INS1. An opening (contact hole) CH1 is formed in the
passivation film INS12 to electrically connect the transpar-
ent pixel electrode EL2 (P) and a source electrode S of the
thin film transistor TFT to each other. The transparent
storage capacitor electrode EL1 (ST) has an opening SPK,
which is apart from the opening CH1 by at least a minimum
insulation distance.

[0210] The transparent storage capacitor electrode EL1
(ST) in one pixel may be separated from the transparent
storage capacitor electrode EL1 (ST) in another pixel. Desir-
ably, the transparent storage capacitor electrodes EL1 (ST)
in adjacent pixels are connected to each other in order that
the resistance can be lowered. The laminate composed of the
gate insulating film INS11 and the passivation film INS12
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below the transparent storage capacitor electrode EL1 (ST)
constitutes a third insulating film INS3.

[0211] A common electrode wiring line COM which is
shaped after the shape of the scanning line SCN and the
signal line SIG and which doubles as a storage capacitor
wiring line STG is formed on the transparent storage capaci-
tor electrode EL1 (ST). A first storage capacitor Cstl is
formed between the transparent storage capacitor electrode
EL1 (ST) and the transparent pixel electrode EL2 (P)
through a first insulating film INS1.

[0212] A second insulating film INS2 and a transparent
counter electrode EL3 (C), which functions as a third
transparent electrode, are formed above the transparent pixel
electrode EL2 (P). At this point, openings (contact holes
CH3 and CH4) are formed in a portion of the first insulating
film INS1 and a portion of the second insulating film INS2
that are located above the common electrode wiring line
COM. The transparent counter electrode EL3 (C) and the
common electrode wiring line COM are connected to each
other through the openings (CH3 and CH4). The overall
resistance of the counter electrode is thus lowered.

[0213] Multiple slit-like openings SLT parallel to one
another are formed in the transparent counter electrode EL3
(C), avoiding the connection portion between the transparent
counter electrode EL3 (C) and the common electrode wiring
line COM.

[0214] A second storage capacitor Cst2 is formed between
the transparent pixel electrode EL2 (P) and the transparent
counter electrode EL3 (C) through the second insulating film
INS2 to thereby obtain the TFT substrate. A first alignment
film AL1 for aligning a liquid crystal layer LC in a given
direction is formed in the topmost layer of the TFT substrate.

[0215] On a second substrate SUB2, a light shielding film
(black matrix) BM, a color filter FIL whose color varies
from one pixel to another, a protective film (overcoat) OC,
and a second alignment film AL2 are formed to obtain a
counter substrate.

[0216] The first alignment film AL1 and the second align-
ment film AL2 are each processed in advance so that liquid
crystal molecules are aligned in a given direction. The first
substrate SUB1 and the second substrate SUB2 are arranged
such that their alignment film formation faces are opposed to
each other across a predetermined interval, and the gap
between the two is filled with a nematic liquid crystal
composition having a positive dielectric anisotropy to form
the liquid crystal layer LC.

[0217] The transparent pixel electrode EL2 (P) and the
transparent counter electrode EL3 (C) are arranged such that
an electric field having a component parallel to the surface
of the first substrate SUB1 is generated between the trans-
parent pixel electrode EL2 (P) and the transparent counter
electrode EL3 (C) through the liquid crystal layer LC to
form a pixel capacitor Cpx.

[0218] A retardation plate and polarization plate (not
shown) are disposed outside of the first substrate SUB1 and
the second substrate SUB2 to obtain an NB display mode
liquid crystal display device. Drive circuits (not shown) are
connected to the scanning lines SCN, the signal lines SIG,
and the common electrode wiring lines COM.

[0219] An equivalent circuit that represents a single pixel
in the liquid crystal display device according to the fifth
embodiment and in a liquid crystal display device according
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to the sixth embodiment which will be described later is the
same as the one described in the second embodiment with
reference to FIG. 7.

[0220] In the fifth embodiment and the sixth embodiment
described later, the transparent storage capacitor electrode
EL1 (ST), the common electrode wiring line COM, and the
transparent counter electrode EL3 (C) in one pixel row may
be separated from those in another pixel row to receive
voltage application independently of those in the other pixel
row, or the transparent storage capacitor electrode EL1 (ST),
the common electrode wiring line COM, and the transparent
counter electrode EL3 (C) in one pixel column may be
separated from those in another pixel column to receive
voltage application independently of those in the other pixel
column, although, from the standpoint of reducing the
resistance of the counter electrode, it is preferred to connect
the transparent storage capacitor electrode EL1 (ST), the
common electrode wiring line COM, and the transparent
counter electrode EL3 (C) in one pixel to those in adjacent
pixels so that a voltage is applied commonly to all pixels.
[0221] In the fifth embodiment and the sixth embodiment
described later, a third storage capacitor Cst3 may be formed
between a source electrode S and the capacitor storage
wiring line STG through the gate insulating film INS11 by
forming the storage capacitor wiring line STG in a gate layer
below the source electrode S. In this case, the third storage
capacitor Cst3 constitutes an equivalent circuit as the one
shown in FIG. 35B.

[0222] FIGS. 16A to 16H show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the fifth embodiment.

[0223] InFIG.16A, a film is formed from a metal material
on the first substrate SUB1, which is a transparent insulating
member such as a glass substrate. The film is treated by a
photolithography process to form a gate electrode G and the
scanning line SCN (not shown). This layer is called a gate
layer.

[0224] In FIG. 16B, the gate insulating film INS11, which
is made of a transparent insulating material such as SiN,
Si0, or TaO, and a semiconductor layer a-Si, which is made
of amorphous silicon, are formed in succession, and only the
semiconductor layer a-Si is treated by a photolithography
process. A heavily doped n-type thin film (not shown) is
present on the top face of the semiconductor layer a-Si.
[0225] InFIG. 16C, a film is formed from a metal material
to form the source electrode S, a drain electrode D, and the
signal line SIG (not shown) simultaneously by a photoli-
thography process. This layer is called a drain layer. The
heavily doped n-type layer which is not covered with the
drain layer is removed at the same time when the drain layer
is treated.

[0226] In FIG. 16D, the passivation film INS12 is formed
from SiN. While the passivation film INS12 is left untreated,
a film is formed from a transparent conductive material such
as ITO on the passivation film INS12 and is treated by a
photolithography process to form the transparent storage
capacitor electrode EL1 (ST).

[0227] InFIG. 16E, a film is formed from a metal material
and is treated by a photolithography process to form the
common electrode wiring line COM.

[0228] InFIG. 16F, the first insulating film INS1 is formed
from SiN, and then, three layers, the gate insulating film
INS11, the passivation film INS12, and the first insulating
film INS1, are treated by a photolithography process at once.
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[0229] Openings (CH1 and CH2) are formed in a portion
of the passivation film INS12 and a portion of the first
insulating film INS1 that are located above the source
electrode S, and the opening CH3 is formed in a portion of
the first insulating film INS1 that is located above the
common electrode wiring line COM to expose the surface of
the common electrode wiring line COM.

[0230] In FIG. 16G, a film is formed from a transparent
conductive material such as ITO and is treated by a photo-
lithography process to form the transparent pixel electrode
EL2 (P).

[0231] The transparent pixel electrode EL2 (P) is electri-
cally connected to the source electrode S through the open-
ings (CH1 and CH2) in the passivation film INS12 and the
first insulating film INS1. However, the transparent pixel
electrode EL2 (P) is removed from inside the opening CH3
in the first insulating film INS1 which is located above the
common electrode wiring line COM, and from around the
opening CH3 for at least a minimum insulation distance.
[0232] In FIG. 16H, the second insulating film INS2 is
formed from SiN and is treated by a photolithography
process. Through this photolithography process, the opening
CH4 is formed in the second insulating film INS2 in a
portion where the opening CH3 has been formed in the first
insulating film INS1 above the common electrode wiring
line COM, thereby exposing the surface of the common
electrode wiring line COM again.

[0233] Lastly, a film is formed from a transparent conduc-
tive material such as ITO and is treated by a photolithog-
raphy process to form the transparent counter electrode EL3
(C) as the one shown in FIG. 15A.

[0234] The transparent counter electrode EL3 (C) is elec-
trically connected to the common electrode wiring line
COM through the openings (CH3 and CH4) in the first
insulating film INS1 and the second insulating film INS2.
The TFT substrate is thus manufactured by conducting a
photolithography process nine times in total.

[0235] Compared to the first embodiment, one more insu-
lating film is formed in this embodiment by conducting a
photolithography process as many times as in the first
embodiment. The fifth embodiment can thus increase the
degree of freedom in selecting a material, a thickness, and
the like for the first and second insulating films through
which storage capacitors are formed without adding many
steps to the manufacturing process of the first embodiment.
[0236] The sectional structures of terminal portions and
interlayer connection portions that are formed by the manu-
facturing steps of the fifth embodiment are shown in FIGS.
17A to 17F.

[0237] FIG. 17A shows a terminal portion of the scanning
line SCN formed in the gate layer. FIG. 17C shows a
terminal portion of the signal line SIG formed in the drain
layer. FIG. 17E shows a connection portion between the
common electrode wiring line COM and the gate layer. FIG.
17F shows a connection portion between the common
electrode wiring line COM and the drain layer.

[0238] In order to prevent the treatment of the second
insulating film INS2 from disturbing the gate insulating film
INS11, the passivation film INS12, and the first insulating
film INS1, the opening in the second insulating film INS2 is
shaped such that the surrounding areas of the openings
formed by treating the three layers, the gate insulating film
INS11, the passivation film INS12, and the first insulating
film INS1, at once are covered.
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[0239] The layer of the common electrode wiring line
COM or the layer of the transparent electrode EL1 cannot be
connected directly to the gate layer and the drain layer.
Therefore, as shown in FIGS. 17E and 17F, the layer of the
transparent electrode FL3 is connected to the common
electrode wiring line COM through the openings formed in
a portion of the first insulating film INS1 and a portion of the
second insulating film INS2 that are located above the
common electrode wiring line COM, and the common
electrode wiring line COM is connected to the gate layer and
the drain layer through this layer of the transparent electrode
EL3.

[0240] FIG. 17B is a modification example of FIG. 17A,
and FIG. 17D is a modification example of FIG. 17C.
Forming the layer of the transparent electrode EL2 in the
manner shown in the drawings prevents the treatment of the
second insulating film INS2 from disturbing the gate insu-
lating film INS11, the passivation film INS12, and the first
insulating film INS1, and allows the second insulating film
INS2 to have a larger opening. Those structures are therefore
effective particularly when terminals are aligned at a small
pitch.

Sixth Embodiment

[0241] FIGS. 18A and 18B are schematic diagrams show-
ing a pixel structure in a liquid crystal display device
according to the sixth embodiment of the present invention.
FIG. 18A shows the sectional structure of a pixel and FIG.
18B shows the plan view structure of the pixel on the TFT
substrate side. The sectional structure shown in FIG. 18A
corresponds to a view taken along the line A-A' illustrated in
FIG. 18B.

[0242] The sixth embodiment is a modification example of
the fifth embodiment, and differs from the fifth embodiment
described with reference to FIGS. 15A and 15B in the
following points.

[0243] The common electrode wiring line COM is placed
below the transparent counter electrode EL3 (C) instead of
above the transparent storage capacitor electrode EL1 (ST).
This modification is accompanied by a change in structure of
the opening through which the transparent storage capacitor
electrode EL1 (ST) and the transparent counter electrode
EL3 (C) are electrically connected to each other.

[0244] Specifically, in the opening CH3 formed in a por-
tion of the first insulating film INS1 that is located above the
transparent storage capacitor electrode EL1 (ST), an insular
transparent electrode pattern EL2' separated from the trans-
parent pixel electrode EL2 (P) is formed from the layer of
the transparent pixel electrode EL2 (P). The insular trans-
parent electrode pattern EL2' is connected to the transparent
storage capacitor electrode EL1 (ST), and then connected to
the common electrode wiring line COM through the opening
CH4 formed in a portion of the second insulating film INS2
that is located above the insular transparent electrode pattern
EL2.

[0245] The common electrode wiring line COM is not
always necessary in the opening CH4 formed in a portion of
the second insulating film INS2 that is located above the
insular transparent electrode pattern EL2'. Accordingly, the
transparent counter electrode EL3 (C) may be formed
directly in the opening CH4 within the second insulating
film INS2 above the insular transparent electrode pattern
EL2.
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[0246] 1In the sixth embodiment, the insular transparent
electrode pattern EL2' whose voltage is as high as the
voltage of the common electrode wiring line COM needs to
be electrically insulated from the transparent pixel electrode
EL2 (P) despite the two being the same layer, and therefore
must be distanced from the transparent pixel electrode EL2
(P) as shown in FIG. 18B. The required distance makes the
transparent pixel electrode EL2 (P) in the sixth embodiment
that much smaller in area than in the fifth embodiment. The
transparent counter electrode EL3 (C) accordingly has a
smaller region where the slit-like openings SLT are provided
to apply an electric field to the liquid crystal layer LC, and
the aperture ratio is lowered compared to the fifth embodi-
ment. However, the sixth embodiment has the following
advantage over the fifth embodiment.

[0247] If the common electrode wiring line COM formed
from a non-transparent metal material is shaped so as to
overlap with the scanning line SCN and the signal line SIG
in the fifth embodiment, it leaves the passivation film INS12
as the only insulating film between the drain layer and the
common electrode wiring line COM and between the drain
layer and the transparent storage capacitor electrode EL1
(ST). The capacitance of the parasitic capacitor between the
signal line SIG and the common electrode wiring line COM
is likely to increase as a result.

[0248] In contrast, the parasitic capacitor between the
signal line SIG and the common electrode wiring line COM
can be smaller in the sixth embodiment where the insulating
film between the drain layer and the common electrode
wiring line COM and between the drain layer and the
transparent storage capacitor electrode EL1 (ST) is a lami-
nate constituted of the passivation film INS12, the first
insulating film INS1, and the second insulating film INS2,
which makes the capacitance per-unit area small.

[0249] FIGS. 19A to 19H show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the sixth embodiment. FIGS. 19A to 19D are the same as
FIGS. 16A to 16D in the fifth embodiment, except for the
shape of the transparent storage capacitor electrode EL1
(ST).

[0250] In FIG. 19E, the first insulating film INS1 is
formed from SiN, and then three layers, the gate insulating
film INS11, the passivation film INS12, and the first insu-
lating film INS1, are treated by a photolithography process
at once. Openings (CH1 and CH2) are formed in a portion
of the passivation film INS12 and a portion of the first
insulating film INS1 that are located above the source
electrode S, and the opening CH3 is formed in a portion of
the first insulating film INS1 that is located above the
transparent storage capacitor electrode EL1 (ST) to expose
the surface of the transparent storage capacitor electrode
EL1 (ST).

[0251] In FIG. 19F, a film is formed from a transparent
conductive material such as ITO and is treated by a photo-
lithography process to form the transparent pixel electrode
EL2 (P) and the insular transparent electrode pattern EL2".
The transparent pixel electrode EL2 (P) is electrically con-
nected to the source electrode S through the openings (CH1
and CH2) in the passivation film INS12 and the first insu-
lating film INS1. The insular transparent electrode pattern
EL2' is electrically connected to the transparent storage
capacitor electrode EL1 (ST) through the opening CH3 in
the first insulating film INS1.
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[0252] 1In FIG. 19G, the second insulating film INS2 is
formed from SiN and is treated by a photolithography
process. Through this photolithography process, the opening
CH4 is formed in a portion of the second insulating film
INS2 that is located above the insular transparent electrode
pattern EL2', thereby exposing the surface of the insular
transparent electrode pattern EL2'.

[0253] InFIG. 19H, a film is formed from a metal material
and is treated by a photolithography process to form the
common electrode wiring line COM. The common electrode
wiring line COM is electrically connected to the insular
transparent electrode pattern EL2' through the opening CH4
in the second insulating film INS2.

[0254] Lastly, a film is formed from a transparent conduc-
tive material such as 1TO, covering the common electrode
wiring line COM, and is treated by a photolithography
process to form the transparent counter electrode EL3 (C) as
the one shown in FIG. 18A. The TFT substrate is thus
manufactured by conducting a photolithography process
nine times in total. In this way, the sixth embodiment can
increase the degree of freedom in selecting a material, a
thickness, and the like for the first and second insulating
films through which storage capacitors are formed without
adding to the number of manufacturing process steps of the
fifth embodiment.

[0255] The sectional structures of terminal portions and
interlayer connection portions that are formed by the manu-
facturing steps of the sixth embodiment are shown in FIGS.
20A to 20D. FIG. 20A shows a terminal portion of the
scanning line SCN formed in the gate layer. FIG. 20B shows
a terminal portion of the signal line SIG formed in the drain
layer. The terminal portion structures of the sixth embodi-
ment shown in FIGS. 20A and 20B are the same as those of
the fifth embodiment shown in FIGS. 17B and 17D, respec-
tively.

[0256] FIG. 20C shows a connection portion between the
common electrode wiring line COM and the gate layer. FIG.
20D shows a connection portion between the common
electrode wiring line COM and the drain layer. The trans-
parent electrode EL2 is formed as shown in the drawings in
order to prevent the treatment of the second insulating film
INS2 from disturbing the gate insulating film INS11, the
passivation film INS12, and the first insulating film INS1,
and in order to prevent the treatment of the common
electrode wiring line COM from disturbing the gate layer
and the drain layer.

Seventh Embodiment

[0257] The seventh embodiment, as well as the eighth to
tenth embodiments which will be described later, presents an
example of an IPS liquid crystal display device that is
structured such that a first transparent electrode EL1 and a
third transparent electrode EL3 are used as pixel electrodes
P, whereas a second transparent electrode EL2 is used as a
counter electrode C that doubles as a storage capacitor
electrode.

[0258] FIGS. 21A and 21B are schematic diagrams show-
ing a pixel structure in the liquid crystal display device
according to the seventh embodiment of the present inven-
tion. FIG. 21A shows the sectional structure of a pixel and
FIG. 21B shows the plan view structure of the pixel on the
TFT substrate side. The sectional structure shown in FIG.
21A corresponds to a view taken along the line A-A'
illustrated in FIG. 21B.
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[0259] On a first substrate SUBI, signal lines SIG are
formed to intersect with scanning lines SCN with a gate
insulating film INS11 interposed therebetween. Each pixel
defined by the intersecting scanning lines SCN and signal
lines SIG is provided with a thin film transistor TFT, a first
transparent pixel electrode EL1 (P), which functions as the
first transparent electrode and is shaped like a flat board, and
a second transparent pixel electrode EL3 (P), which func-
tions as the third transparent electrode.

[0260] The second transparent pixel electrode EL3 (P) has
a planar shape with slit-like openings SLT which run parallel
to one another. Alternatively, the second transparent pixel
electrode EL3 (P) may have a planar shape like a slip or a
comb.

[0261] The first transparent pixel electrode EL1 (P)
between the gate insulating film INS11 and a passivation
film INS12 is electrically connected to a source electrode S
of the thin film transistor TFT by an overlapping portion
between the first transparent pixel electrode EL1 (P) and the
source electrode S.

[0262] The second transparent pixel electrode EL3 (P)
which is above a second insulating film INS2 is electrically
connected to the source electrode S through openings (CH1
and CH2) formed in a portion of the passivation film INS12
and a portion of the second insulating film INS2 that are
located above the source electrode S.

[0263] A transparent counter electrode EL2 (C), which
functions as the second transparent electrode and doubles as
a storage capacitor electrode, is formed between the second
insulating film INS2 and the passivation film INS12. The
transparent counter electrode EL2 (C) has an opening SPK
distanced from the openings CH1 and CH2, which are
formed in the passivation film INS12 and the second insu-
lating film INS2 to electrically connect the second transpar-
ent pixel electrode EL3 (P) and the source electrode S to
each other, by at least a minimum insulation distance. The
passivation film INS12 is used as a first insulating film INS1
through which a first storage capacitor Cstl is formed
between the first transparent pixel electrode EL1 (P) and the
transparent counter electrode EL2 (C). A second storage
capacitor Cst2 is formed between the transparent counter
electrode EL2 (C) and the second transparent pixel electrode
EL3 (P) through the second insulating film INS2. The gate
insulating film INS11 constitutes a third insulating film
INS3.

[0264] A common electrode wiring line COM which is
shaped after the shape of the scanning line SCN and the
signal line SIG and which doubles as a storage capacitor
wiring line STG is formed between the passivation film
INS12 and the transparent counter electrode EL2 (C). The
transparent counter electrode EL2 (C) and the common
electrode wiring line COM directly overlap each other to be
electrically connected to each other and thereby lower the
overall resistance of the counter electrode. A first alignment
film AL1 for aligning a liquid crystal layer LC in a given
direction is formed in the topmost layer of the TFT substrate.
[0265] On a second substrate SUB2, a light shielding film
(black matrix) BM, a color filter FIL, whose color varies
from one pixel to another, a protective film (overcoat) OC,
and a second alignment film AL2 are formed to obtain a
counter substrate.

[0266] The first alignment film AL1 and the second align-
ment film AL2 are each processed in advance so that liquid
crystal molecules are aligned in a given direction.
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[0267] The first substrate SUB1 and the second substrate
SUB2 are arranged such that their alignment film formation
faces are opposed to each other across a predetermined
interval, and the gap between the two is filled with a nematic
liquid crystal composition having a positive dielectric
anisotropy to form the liquid crystal layer LC.

[0268] The seventh embodiment employs an IPS method
electrode arrangement in which an electric field having a
component parallel to the surface of the first substrate SUB1
is generated between the transparent counter electrode EL.2
(C) and the second transparent pixel electrode EL3 (P)
through the liquid crystal layer LC to form a pixel capacitor
Cpx.

[0269] A retardation plate and polarization plate (not
shown) are disposed outside of the first substrate SUB1 and
the second substrate SUB2 to obtain an NB display mode
liquid crystal display device. Drive circuits (not shown) are
connected to the scanning lines SCN, the signal lines SIG,
and the common electrode wiring lines COM.

[0270] An equivalent circuit that represents a single pixel
in the liquid crystal display device according to the seventh
embodiment is the same as the one described in the second
embodiment with reference to FIG. 7.

[0271] The first transparent pixel electrode EL1 (P), the
second transparent pixel electrode EL3 (P), or the source
electrode S is provided with a parasitic capacitor Cgs, which
is formed between the gate (G) and source (S) of the thin
film transistor TFT, and parasitic capacitors Cds1 and Cds2,
which are formed by the electrode EL1, EL3, or S and the
signal lines SIG, in addition to the first storage capacitor
Cstl, the second storage capacitor Cst2, and the pixel
capacitor Cpx.

[0272] When the pixel dimensions are reduced to obtain
fine pixels, an equivalent storage capacitor sufficiently large
in relation to the parasitic capacitors including Cgs, Cds1,
and Cds2 can be formed from the parallel capacitance of the
first storage capacitor Cstl and the second storage capacitor
Cst2.

[0273] This makes the voltage of the second transparent
pixel electrode EL3 (P) less susceptible to feed-through
voltage, which is caused by a voltage change in the scanning
line SCN or the signal line SIG, during a hold period in
which the thin film transistor TFT is off. Phenomena called
smearing and cross talk can thus be prevented.

[0274] Tt also reduces the leakage of accumulated electric
charges from the first transparent pixel electrode EL1 (P),
the second transparent pixel electrode EL3 (P), and the
source electrode (S) during a hold period, thereby allowing
the electric field applied to the liquid crystal layer LC to drop
less.

[0275] Accordingly, degradation in image quality can be
avoided. Furthermore, since the first storage capacitor Cstl
and the second storage capacitor Cst2 are constituted of the
first transparent pixel electrode EL1 (P), the passivation film
INS12, the transparent counter electrode EL2 (C), the sec-
ond insulating film INS2, and the second transparent pixel
electrode EL3 (P), which are all transparent, forming a
storage capacitor that is sufficiently large in relation to the
parasitic capacitor does not lower the aperture ratio of the
transmissive display portion. The formation of a sufficiently
large storage capacitor and the securing of a sufficiently high
aperture ratio are thus accomplished simultaneously. Those
effects of the seventh embodiment are shared by the eighth
to twelfth embodiment which will be described later.
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[0276] In the seventh embodiment and the eighth to tenth
embodiments described later, the common electrode wiring
line COM and the transparent counter electrode EL2 (C) in
one pixel row may receive voltage application indepen-
dently of those in another pixel row, or the common elec-
trode wiring line COM and the transparent counter electrode
EL2 (C) in one pixel column may receive voltage applica-
tion independently of those in another pixel column,
although, from the viewpoint of reducing the resistance of
the counter electrode, it is preferred to connect the common
electrode wiring line COM and the transparent counter
electrode EL2 (C) in one pixel to those in adjacent pixels so
that a voltage is applied commonly to all pixels.

[0277] In the seventh embodiment and the eighth to tenth
embodiments described later, a third storage capacitor Cst3
may be formed between the source electrode S and the
storage capacitor wiring line STG through the gate insulat-
ing film INS11 by forming the storage capacitor wiring line
STG in the gate layer below the source electrode S.

[0278] The third storage capacitor Cst3 in this case con-
stitutes an equivalent circuit as the one shown in FIG. 35B.
Besides, the third storage capacitor Cst3 in the seventh
embodiment and the ninth embodiment described later may
be formed by placing the storage capacitor wiring line STG
below the first transparent pixel electrode EL1 (P) in addi-
tion to below the source electrode S, although it lowers the
aperture ratio and is not so preferred.

[0279] In this case, a voltage may be applied to the storage
capacitor wiring line STG commonly to all pixels, or indi-
vidually on a pixel row basis. Further, the voltage of the
storage capacitor wiring line STG and the voltage of the
common electrode wiring line COM may be the same, which
does not mean that the two always need to match.

[0280] FIGS. 22A to 22G show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the seventh embodiment.

[0281] InFIG. 22A, a film is formed from a metal material
on the first substrate SUB1, which is a transparent insulating
member such as a glass substrate. The film is treated by a
photolithography process to form the gate electrode G and
the scanning line SCN (not shown). This layer is called a
gate layer.

[0282] In FIG. 22B, the gate insulating film INS11, which
is made of a transparent insulating material such as SiN,
SiQ, or TaO, and a semiconductor layer a-Si, which is made
of amorphous silicon, are formed in succession, and only the
semiconductor layer a-Si is treated by a photolithography
process. A heavily doped n-type thin film (not shown) is
present on the top face of the semiconductor layer a-Si.

[0283] InFIG. 22C, a film is formed from a metal material
to form the source electrode S, the drain electrode D, and the
signal line SIG (not shown) simultaneously by a photoli-
thography process. This layer is called a drain layer. The
heavily doped n-type layer which is not covered with the
drain layer is removed at the same time when the drain layer
is treated.

[0284] In FIG. 22D, a film is formed from a transparent
conductive material such as 1TO, and is treated by a pho-
tolithography process to form the first transparent pixel
electrode EL1 (P). The first transparent pixel electrode EL1
(P) and the source electrode S are electrically connected to
each other by an overlapping portion between the two (the
circled portion indicated by an arrow A).
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[0285] 1In FIG. 22E, the passivation film INS12 is formed
from SiN. While the passivation film INS12 is left untreated,
a film is formed from a metal material on the passivation
film INS12 and is treated by a photolithography process to
form the common electrode wiring line COM.

[0286] In FIG. 22F, a film is formed from a transparent
conductive material such as ITO and is treated by a photo-
lithography process to form the transparent counter elec-
trode EL2 (C).

[0287] In FIG. 22G, the second insulating film INS2 is
formed from SiN, and then three layers, the gate insulating
film INS11, the passivation film INS12, and the second
insulating film INS2, are treated by a photolithography
process at once to form openings (CH1 and CH2) in a
portion of the passivation film INS12 and a portion of the
second insulating film INS2 that are located above the
source electrode S.

[0288] Lastly, a film is formed from a transparent conduc-
tive material such as ITO, and is treated by a photolithog-
raphy process to form the second transparent pixel electrode
EL3 (P) as the one shown in FIG. 21A.

[0289] The second transparent electrode EL3 (P) is elec-
trically connected to the source electrode S through the
openings (CH1 and CH2) in the portion of the passivation
film INS12 and the portion of the second insulating film
INS2 that are located above the source electrode S. The TFT
substrate is thus manufactured by conducting a photolithog-
raphy process eight times in total.

[0290] While the number of times a photolithography
process is conducted in the seventh embodiment is the same
as in the second embodiment, the seventh embodiment has
the following advantages over the second embodiment.
[0291] The seventh embodiment does not need an opening
in an insulating film to connect the common electrode and
the counter electrode to each other. The area that can be used
to display therefore increases, which makes it easy to
improve the aperture ratio.

[0292] The common electrode wiring line COM of the
seventh embodiment is in a layer above the passivation film
INS12 instead of the gate layer. The aperture ratio can
therefore be improved by utilizing the common electrode
wiring line COM as a self-shield against light.

[0293] The first insulating film INS1 constituting the first
storage capacitor Cstl consists solely of the passivation film
INS12 in the seventh embodiment, which increases the
capacitance per unit area. Accordingly, a sufficiently large
storage capacitor can easily be formed in a pixel of smaller
dimensions.

[0294] The seventh embodiment, where a photolithogra-
phy process is conducted as many times as in the third
embodiment, has the following advantage over the third
embodiment.

[0295] The gate insulating film INS11 in the seventh
embodiment is not used as an insulating film for a storage
capacitor, which reduces limitations put on the material and
thickness in consideration of the characteristics and reliabil-
ity of the thin film transistor TFT. The seventh embodiment
can thus increase the degree of freedom in selecting a
material, a thickness, and the like for the second insulating
film through which storage capacitors are formed.

[0296] As in the third and fourth embodiments, it is
sufficient for the connection portion between the pixel
electrode and the source electrode S in the seventh embodi-
ment to electrically connect the two. The connection portion
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therefore may have a structure reverse to the one shown in
FIG. 21A, and hence the source electrode S is laid on top of
the first transparent pixel electrode EL1 (P) (see a structure
indicated by an arrow F in FIG. 21A). This structure can be
formed by reversing the order in which the steps of FIG. 22C
and FIG. 22D are executed.

[0297] Inthe seventh embodiment, as well as the eighth to
tenth embodiments, part of the eleventh embodiment, and
the twelfth embodiment which will be described later, the
transparent counter electrode EL2 (C) and the common
electrode wiring line COM may be arranged otherwise as
long as the two are electrically connected to each other.
Therefore, the sectional structures of the pixel portions of
the respective embodiments shown in the schematic dia-
grams may be reversed, and hence the common electrode
wiring line COM 1is laid on top of the transparent counter
electrode EL2 (C).

[0298] This structure is obtained by switching the order of
the formation and treatment step of the transparent counter
electrode EL2 (C) and the formation and treatment step of
the common electrode wiring line COM in the TFT manu-
facturing processes of the respective embodiments shown in
the drawings.

[0299] The sectional structures of terminal portions and
interlayer connection portions that are formed by the manu-
facturing steps of the seventh embodiment, and of the tenth
embodiment described later, are shown in FIGS. 23A to
23D. FIG. 23A shows a terminal portion of the scanning line
SCN formed in the gate layer. FIG. 23B shows a terminal
portion of the signal line SIG formed in the drain layer. FIG.
23C shows a connection portion between the common
electrode wiring line COM and the gate layer. FIG. 23D
shows a connection portion between the common electrode
wiring line COM and the drain layer.

[0300] The terminal portions only need the transparent
electrode EL3 because the layer of the second transparent
pixel electrode EL3 (P) is formed immediately after the gate
insulating film INS11, the passivation film INS12, and the
second insulating film INS2 are treated at once.

[0301] However, since the common electrode wiring line
COM or the transparent counter electrode EL2 (C) cannot be
connected directly to the gate layer or the drain layer, the
layer of the transparent electrode EL3 is connected to the
common electrode wiring line COM through an opening in
a portion of the second insulating film INS2 that is located
above the transparent counter electrode EL2 (C), and the
common electrode wiring line COM is connected to the gate
layer and the drain layer through this layer of the transparent
electrode EL3.

Eighth Embodiment

[0302] FIGS. 24A and 24B are schematic diagrams show-
ing a pixel structure in a liquid crystal display device
according to the eighth embodiment of the present inven-
tion. FIG. 24A shows the sectional structure of a pixel and
FIG. 24B shows the plan view structure of the pixel on the
TFT substrate side. The sectional structure shown in FIG.
24A corresponds to a view taken along the line A-A'
illustrated in FIG. 24B.

[0303] The eighth embodiment is a modification example
of the seventh embodiment, and differs from the seventh
embodiment described with reference to FIGS. 21A and 21B
in the following points.
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[0304] The first transparent pixel electrode EL1 (P) is
placed between the first substrate SUB1 and the gate insu-
lating film INS11 instead of between the gate insulating film
INS11 and the passivation film INS12, and a laminate
constituted of the gate insulating film INS11 and the passi-
vation film INS12 is used as the first insulating film INS1.
[0305] To accommodate this modification, the opening
CH1 for electrically connecting the source electrode S of the
thin film transistor TFT and the first transparent pixel
electrode EL1 (P) to each other is formed in a portion of the
gate insulating film INS11 that is located below the source
electrode S.

[0306] The first insulating film INS1 and the second
insulating film INS2 which are used for the first storage
capacitor Cstl and the second storage capacitor Cst2 respec-
tively are thus given the same structures as in the first
embodiment and the second embodiment.

[0307] The eighth embodiment differs from the first and
second embodiments in that the first transparent pixel elec-
trode EL1 (P) and the second transparent pixel electrode
EL3 (P) serve as pixel electrodes P, whereas the transparent
counter electrode EL2 (C) doubles as a counter electrode C
and a storage capacitor electrode. An equivalent circuit that
represents a single pixel in the eighth embodiment is the
same as the one described in the second embodiment with
reference to FIG. 7.

[0308] FIGS.25A to 25H show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the eighth embodiment. FIGS. 25A to 25C are the same
as FIGS. 4A to 4C described in the first embodiment and
FIGS. 8A to 8C described in the second embodiment, except
that the storage capacitor wiring line STG and the common
electrode wiring line COM are not formed in the gate layer
and that the first transparent pixel electrode EL1 (P) is
shaped differently.

[0309] In FIG. 25D, the opening CH1 is formed by a
photolithography process in a portion of the gate insulating
film INS11 that is located above the first transparent pixel
electrode EL1 (P) near the semiconductor layer a-Si made of
amorphous silicon.

[0310] InFIG. 25E, a film is formed from a metal material
and is treated by a photolithography process to form the
source electrode S, the drain electrode D, and the signal line
SIG (not shown) simultaneously. This layer is called a drain
layer. A heavily doped n-type layer (not shown) which is on
the top face of the semiconductor layer a-Si and which is not
covered with the drain layer is removed at the same time
when the drain layer is treated. The source electrode S and
the first transparent pixel electrode EL1 (P) are electrically
connected to each other through the opening CH1 formed in
a portion of the gate insulating film INS11 that is located
above the first transparent pixel electrode EL1 (P).

[0311] In FIG. 25F, the passivation film INS12 is formed
from SiN. While the passivation film INS12 is left untreated,
a film is formed from a metal material on the passivation
film INS12 and is treated by a photolithography process to
form the common electrode wiring line COM.

[0312] In FIG. 25G, a film is formed from a transparent
conductive material such as ITO and is treated by a photo-
lithography process to form the transparent counter elec-
trode EL2 (C).

[0313] In FIG. 25H, the second insulating film INS2 is
formed from SiN, and then three layers, the gate insulating
film INS11, the passivation film INS12, and the second
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insulating film INS2, are treated by a photolithography
process at once to form openings (CH2 and CH3) in a
portion of the passivation film INS12 and a portion of the
second insulating film INS2 that are located above the
source electrode S.

[0314] Lastly. a film is formed from a transparent conduc-
tive material such as ITO and is treated by a photolithog-
raphy process to form the second transparent pixel electrode
EL3 (P) as the one shown in FIG. 24A.

[0315] The second transparent pixel electrode EL3 (P) is
electrically connected to the source electrode S through the
openings (CH2 and CH3) in a portion of the passivation film
INS12 and a portion of the second insulating film INS2 that
are located above the source electrode S.

[0316] The TFT substrate is thus manufactured by con-
ducting a photolithography process nine times in total. The
number of times a photolithography process is conducted in
the eighth embodiment is larger than in the seventh embodi-
ment by one, and is the same as in the first embodiment. The
eighth embodiment therefore has the same effects that are
obtained in the first embodiment. The order in which the
steps of FIG. 25A and FIG. 25B are executed may be
reversed.

[0317] The sectional structures of terminal portions and
interlayer connection portions that are formed by the manu-
facturing steps of the eighth embodiment are shown in FIGS.
26A to 26D. FIG. 26A shows a terminal portion of the
scanning line SCN formed in the gate layer. FIG. 26B shows
a terminal portion of the signal line SIG formed in the drain
layer. FIG. 26C shows a connection portion between the
common electrode wiring line COM and the gate layer. FIG.
26D shows a connection portion between the common
electrode wiring line COM and the drain layer.

[0318] The opening in a portion of the gate insulating film
INS11 that is located above the gate layer is covered with the
drain layer in order to prevent the treatment of the drain
layer from disturbing the gate layer.

[0319] The common electrode wiring line COM or the
transparent counter electrode EL2 (C) cannot be connected
directly to the gate layer and the drain layer. Therefore, as
shown in FIGS. 26C and 26D, the layer of the transparent
electrode EL3 is connected to the common electrode wiring
line COM through the opening formed in a portion of the
second insulating film INS2 that is located above the trans-
parent counter electrode EL2 (C), and this layer of the
transparent electrode EL3 is used to connect the common
electrode wiring line COM to the exposed portion of the
drain layer within the openings in the passivation film INS12
and the second insulating film INS2. The structures of FIGS.
26B and 26D are the same as those of FIGS. 23B and 23D
described in the seventh embodiment.

Ninth Embodiment

[0320] In the seventh and eighth embodiments, as in the
first to fourth embodiments, limitations are put on the
material and thickness of the gate insulating film and the
passivation film in consideration of the characteristics and
reliability of the thin film transistor TFT, and an insulating
film used for a storage capacitor is also bound by the
limitations. In the ninth embodiment, as in the fifth and sixth
embodiments, the first and second storage capacitors are
moved to a layer above the passivation film and are each
formed from a dedicated insulating film, thereby increasing
the degree of freedom in selecting a material, a thickness,



US 2019/0353967 A1l

and the like for the first and second insulating films through
which storage capacitors are formed.

[0321] FIGS. 27A and 27B are schematic diagrams show-
ing a pixel structure in a liquid crystal display device
according to the ninth embodiment of the present invention.
Shown in FIG. 27A is the sectional structure of a pixel, and
shown in FIG. 27B is the plan view structure of the pixel on
the TFT substrate side. The sectional structure of FIG. 27A
corresponds to a view taken along the line A-A' illustrated in
FIG. 27B.

[0322] On a first substrate SUBI, signal lines SIG are
formed to intersect with scanning lines SCN with a gate
insulating film INS11 interposed therebetween. Each pixel
defined by the intersecting scanning lines SCN and signal
lines SIG is provided with a thin film transistor TFT, a first
transparent pixel electrode EL1 (P), which functions as the
first transparent electrode and is shaped like a flat board, and
a second transparent pixel electrode EL3 (P), which func-
tions as the third transparent electrode.

[0323] The second transparent pixel electrode EL3 (P) has
a planar shape with slit-like openings SUT which run parallel
to one another. Alternatively, the second transparent pixel
electrode EL3 (P) may have a planar shape like a slip or a
comb.

[0324] The first transparent pixel electrode EL1 (P)
between a passivation film INS12 and a first insulating film
INS1 is electrically connected to a source electrode S of the
thin film transistor TFT through an opening (contact hole)
CH1 formed in a portion of the passivation film INS12 that
is located above the source electrode S.

[0325] The second transparent pixel electrode EL3 (P)
which is above a second insulating film INS2 is electrically
connected to the first transparent pixel electrode EL1 (P)
through openings (CH2 and CH3) formed in a portion of the
first insulating film INS1 and a portion of the second
insulating film INS2 that are located above the first trans-
parent pixel electrode EL1 (P).

[0326] A transparent counter electrode EL2 (C), which
functions as the second transparent electrode and doubles as
a storage capacitor electrode, is formed between the first
insulating film INS1 and the second insulating film INS2.
The transparent counter electrode EL2 (C) has an opening
SPK distanced from the openings (CH2 and CH3), which are
formed in the first insulating film INS1 and the second
insulating film INS2 to electrically connect the second
transparent pixel electrode EL3 (P) and the source electrode
S to each other, by at least a minimum insulation distance.
A first storage capacitor Cstl is formed between the first
transparent pixel electrode EL1 (P) and the transparent
counter electrode EL2 (C) through the first insulating film
INS1. A second storage capacitor Cst2 is formed between
the transparent counter electrode EL2 (C) and the second
transparent pixel electrode EL3 (P) through the second
insulating film INS2. A laminate made up of the gate
insulating film INS11 and the passivation film INS12 below
the first transparent pixel electrode EL1 (P) constitutes a
third insulating film INS3.

[0327] A common electrode wiring line COM which is
shaped after the shape of the scanning line SCN and the
signal line SIG and which doubles as a storage capacitor
wiring line STG is formed between the first insulating film
INS1 and the transparent counter electrode EL2 (C). The
transparent counter electrode EL2 (C) and the common
electrode wiring line COM directly overlap each other to be
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electrically connected to each other and thereby lower the
overall resistance of the counter electrode.

[0328] A first alignment film AL1 for aligning a liquid
crystal layer LC in a given direction is formed in the topmost
layer of the TFT substrate.

[0329] On a second substrate SUB2, a light shielding film
(black matrix) BM, a color filter FIL, whose color varies
from one pixel to another, a protective film (overcoat) OC,
and a second alignment film AL2 are formed to obtain a
counter substrate.

[0330] The first alignment film AL1 and the second align-
ment film AL2 are each processed in advance so that liquid
crystal molecules are aligned in a given direction. The first
substrate SUB1 and the second substrate SUB2 are arranged
such that their alignment film formation faces are opposed to
each other across a predetermined interval, and the gap
between the two is filled with a nematic liquid crystal
composition having a positive dielectric anisotropy to form
the liquid crystal layer LC.

[0331] The liquid crystal display device of this embodi-
ment employs an IPS method electrode arrangement in
which an electric field having a component parallel to the
surface of the first substrate SUBI is generated between the
transparent counter electrode EL2 (C) and the second trans-
parent pixel electrode EL3 (P) through the liquid crystal
layer LC to form a pixel capacitor Cpx.

[0332] A retardation plate and polarization plate (not
shown) are disposed outside of the first substrate SUB1 and
the second substrate SUB2 to obtain an NB display mode
liquid crystal display device.

[0333] Drive circuits (not shown) are connected to the
scanning lines SCN, the signal lines SIG, and the common
electrode wiring lines COM. An equivalent circuit that
represents a single pixel in the ninth embodiment is the same
as the one described in the second embodiment with refer-
ence to FIG. 7.

[0334] FIGS. 28A to 28H show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the ninth embodiment. FIGS. 28A to 28C are the same as
FIGS. 22A to 22C described in the seventh embodiment.
[0335] In FIG. 28D, the passivation film INS12 is formed
from SiN, and then the gate insulating film INS11 and the
passivation film INS12 are treated by a photolithography
process at once. An opening (contact hole) CH1 is formed in
a portion of the passivation film INS12 that is located above
the source electrode S.

[0336] In FIG. 28E, a film is formed from a transparent
conductive material such as ITO and is treated by a photo-
lithography process to form the first transparent pixel elec-
trode EL1 (P). The first transparent pixel electrode EL1 (P)
is electrically connected to the source electrode S through
the opening CH1 in the passivation film INS12.

[0337] InFIG. 28F, the first insulating film INS1 is formed
from SiN. While the first insulating film INS1 is left
untreated, a film is formed from a metal material on the first
insulating film INS1 and is treated by a photolithography
process to form the common electrode wiring line COM.
[0338] In FIG. 28G, a film is formed from a transparent
conductive material such as ITO and is treated by a photo-
lithography process to form the transparent counter elec-
trode EL2 (C).

[0339] In FIG. 28H, the second insulating film INS2 is
formed from SiN, and then the first insulating film INS1 and
the second insulating film INS2 are treated by a photoli-
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thography process at once to form openings (CH2 and CH3)
in a portion of the first insulating film INS1 and a portion of
the second insulating film INS2 that are located above the
first transparent pixel electrode EL1 (P).

[0340] Lastly, a film is formed from a transparent conduc-
tive material such as ITO and is treated by a photolithog-
raphy process to form the second transparent pixel electrode
EL3 (P) as the one shown in FIG. 27A.

[0341] The second transparent pixel electrode EL3 (P) is
electrically connected to the first transparent pixel electrode
EL1 (P) through the openings (CH2 and CH3) in a portion
of the first insulating film INS1 and a portion of the second
insulating film INS2 that are located above the first trans-
parent pixel electrode EL1 (P).

[0342] The TFT substrate is thus manufactured by con-
ducting a photolithography process nine times in total.
[0343] The steps of FIGS. 28Ato 28E can be adopted from
a manufacturing process of a fully transmissive liquid crys-
tal display device that has already proven its effectiveness in
mass production. Then, four subsequent steps are added to
the steps of FIGS. 28A to 28E.

[0344] In the ninth embodiment, one more insulating films
are formed than in the eighth embodiment, but the number
of times a photolithography process is conducted in the ninth
embodiment is the same as in the eighth embodiment. The
ninth embodiment can thus increase the degree of freedom
in selecting a material, a thickness, and the like for the first
and second insulating films through which storage capaci-
tors are formed without adding many steps to the manufac-
turing process of the eighth embodiment.

[0345] The sectional structures of terminal portions and
interlayer connection portions that are formed by the manu-
facturing steps of the ninth embodiment are shown in FIGS.
29A to 29D. FIG. 29A shows a terminal portion of the
scanning line SCN formed in the gate layer. FIG. 29B shows
a terminal portion of the signal line SIG formed in the drain
layer. FIG. 29C shows a connection portion between the
common electrode wiring line COM and the gate layer. FIG.
29D shows a connection portion between the common
electrode wiring line COM and the drain layer.

[0346] The transparent electrode EL1 is formed as shown
in the drawings in order to prevent the simultaneous treat-
ment of the first insulating film INS1 and the second
insulating film INS2 from disturbing the gate insulating film
INS11 and the passivation film INS12.

[0347] The common electrode wiring line COM or the
transparent counter electrode EL2 (C) cannot be connected
directly to the gate layer or the drain layer. Therefore, as
shown in FIGS. 29C and 29D, the layer of the transparent
electrode EL3 is connected to the common electrode wiring
line COM through the opening formed in a portion of the
second insulating film INS2 that is located above the trans-
parent counter electrode EL2 (C), and this layer of the
transparent electrode EL3 is used to connect the common
electrode wiring line COM to the gate layer or the drain
layer through the exposed portion of the layer of the trans-
parent electrode EL1 within the openings in the first insu-
lating film INS1 and the second insulating film INS2.

Tenth Embodiment

[0348] FIGS. 30A and 30B are schematic diagrams show-
ing a pixel structure in a liquid crystal display device
according to the tenth embodiment of the present invention.
FIG. 30A shows the sectional structure of a pixel, and FIG.
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30B shows the plan view structure of the pixel on the TFT
substrate side. The sectional structure shown in FIG. 30A
corresponds to a view taken along the line A-A' illustrated in
FIG. 30B.

[0349] The tenth embodiment is a modification example of
the eighth embodiment, and differs from the eighth embodi-
ment described with reference to FIGS. 24A and 24B in the
following points.

[0350] Instead of being connected directly to the source
electrode S of the thin film transistor TFT through the
opening in the gate insulating film INS11, the first transpar-
ent pixel electrode EL1 (P) is connected to the second
transparent pixel electrode EL3 (P) through openings
formed in the gate insulating film INS11, the passivation
film INS12, and the second insulating film INS2, and hence
the first transparent pixel electrode EL1 (P) is electrically
connected to the source electrode S through the second
transparent pixel electrode EL3 (P).

[0351] To accommodate this modification, openings (CH1
to CH3) for electrically connecting the second transparent
pixel electrode EL3 (P) and the first transparent pixel
electrode EL1 (P) to each other are formed in addition to
openings (CH4 and CHS) that are formed in the passivation
film INS12 and the second insulating film INS2 in order to
electrically connect the second transparent pixel electrode
EL3 (P) and the source electrode S to each other.

[0352] The opening SPK of the transparent counter elec-
trode EL2 (C) in the tenth embodiment is shaped to be at
least a minimum insulation distance apart from the openings
(CH4 and CHS) that are formed in the passivation film
INS12 and the second insulating film INS2 in order to
electrically connect the second transparent pixel electrode
EL3 (P) and the source electrode S to each other, and from
the openings (CH1 to CH3) for electrically connecting the
second transparent pixel electrode EL3 (P) and the first
transparent pixel electrode EL1 (P) to each other. An equiva-
lent circuit that represents a single pixel in the tenth embodi-
ment is the same as the one in the second embodiment which
is shown in FIG. 7.

[0353] In FIG. 30B where additional openings (CH1 to
CH3) are formed in the gate insulating film INS11, the
passivation film INS12, and the second insulating film INS2
in order to connect the second transparent pixel electrode
EL3 (P) and the first transparent pixel electrode EL1 (P) to
each other, the opening SPK of the transparent counter
electrode EL2 (C) are larger than in FIG. 24B. The trans-
parent counter electrode EL2 (C) accordingly has a smaller
region where the slit-like openings SLT are provided to
apply an electric field to the liquid crystal layer LC, and the
aperture ratio is lowered compared to FIG. 24B. However,
the structure of F1G. 30B has an advantage over the structure
of FIG. 24B in that the number of TFT substrate manufac-
turing steps in the tenth embodiment is one step less than in
the eighth embodiment, as described below.

[0354] FIGS. 31Ato 31G show steps of manufacturing the
TFT substrate in the liquid crystal display device according
to the tenth embodiment. FIGS. 31A to 31C are the same as
FIGS. 25A to 25C described in the eighth embodiment
except for the shape of the first transparent pixel electrode
EL1 (P).

[0355] InFIG. 31D, a film is formed from a metal material
and is treated by a photolithography process to form the
source electrode S, the drain electrode D, and the signal line
SIG (not shown) simultaneously. This layer is called a drain
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layer. A heavily doped n-type layer (not shown) which is on
the top face of the semiconductor layer a-Si and which is not
covered with the drain layer is removed at the same time
when the drain layer is treated.

[0356] In FIG. 31E, the passivation film INS12 is formed
from SiN. While the passivation film INS12 is left untreated,
a film is formed from a metal material on the passivation
film INS12 and is treated by a photolithography process to
form the common electrode wiring line COM.

[0357] In FIG. 31F, a film is formed from a transparent
conductive material such as ITO and is treated by a photo-
lithography process to form the transparent counter elec-
trode EL2 (C).

[0358] In FIG. 31G, the second insulating film INS2 is
formed from SiN, and then three layers, the gate insulating
film INS11, the passivation film INS12, and the second
insulating film INS2, are treated by a photolithography
process at once to form openings (CH4 and CHS5) in a
portion of the passivation film INS12 and a portion of the
second insulating film INS2 that are located above the
source electrode S. At the same time, openings (CHI to
CH3) are formed in a portion of the gate insulating film
INS11, a portion of the passivation film INS12, and a portion
of the second insulating film INS2 that are located above the
first transparent pixel electrode EL1 (P).

[0359] Lastly, a film is formed from a transparent conduc-
tive material such as ITO and is treated by a photolithog-
raphy process to form the second transparent pixel electrode
EL3 (P) as the one shown in FIG. 30A.

[0360] The second transparent pixel electrode EL3 (P) is
electrically connected to the source electrode S through the
openings (CH4 and CHS5) in a portion of the passivation film
INS12 and a portion of the second insulating film INS2 that
are located above the source electrode S. The second trans-
parent pixel electrode EL3 (P) is electrically connected to
the first transparent pixel electrode EL1 (P) through the
openings (CH1 to CH3) in a portion of the gate insulating
film INS11, a portion of the passivation film INS12, and a
portion of the second insulating film INS2 that are located
above the first transparent pixel electrode EL1 (P).

[0361] The TFT substrate is thus manufactured by con-
ducting a photolithography process eight times in total. In
other words, the number of times a photolithography process
is conducted in the tenth embodiment is smaller than in the
eighth embodiment by one, and is the same as in the second
embodiment.

[0362] An effect obtained in the tenth embodiment is that
the aperture ratio can be improved more easily than in the
second embodiment because the common electrode wiring
line COM is shaped so as to overlap the scanning line SCN
flatly with the gate insulating film INS11 and the passivation
film INS12 interposed between the two. The order in which
the steps of FIG. 31 and FIG. 31B are executed may be
reversed as in the eighth embodiment.

[0363] Terminal portions and interlayer connection por-
tions that are formed by the manufacturing steps of the tenth
embodiment are the same as those in the seventh embodi-
ment which are shown in FIGS. 23A to 23D.

Eleventh Embodiment

[0364] The eleventh embodiment is a modification
example in which an organic insulating film FPS is formed
from photosensitive acrylic resin or the like on the passiva-
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tion film in the IPS liquid crystal display devices according
to the first to tenth embodiments.

[0365] FIGS. 32A to 32] show modification examples of
the sectional structures of the pixels on the TFT substrate
side in the first to tenth embodiments, respectively.

[0366] InFIGS.32A, 32B, 32G, 32H, and 32J, the capaci-
tance of the first storage capacitor Cstl formed between the
transparent electrode ELL2 and the transparent electrode EL1
is prevented from dropping by not forming the organic
insulating film FPS in a region where the transparent elec-
trode EL2 and the transparent electrode EL1 overlap each
other with the first insulating film INS1 interposed between
the two to form the first storage capacitor Cstl.

[0367] On the other hand, the organic insulating film FPS
is formed in regions where the transparent electrode EL2
overlaps the scanning line SCN, the common electrode
wiring line COM, and the signal line SIG, to thereby lower
the capacitance of parasitic capacitors.

[0368] In FIGS. 32C and 32D, the capacitance of the
second storage capacitor Cst2 formed between the transpar-
ent electrode EL3 and the transparent electrode EL2 is
prevented from dropping by not forming the organic insu-
lating film FPS in a region where the transparent electrode
EL3 and the transparent electrode EL2 overlap each other
with the second insulating film INS2 interposed between the
two to form the second storage capacitor Cst2.

[0369] On the other hand, the organic insulating film FPS
is formed in regions where the transparent electrode EL3
overlaps the scanning line SCN and the signal line SIG, to
thereby lower the capacitance of parasitic capacitors.
[0370] In FIGS. 32E, 32F, and 32I, forming the organic
insulating film FPS in a region where the first storage
capacitor Cstl is formed and in a region where the second
storage capacitor Cst2 is formed does not influence the
capacitance of the first storage capacitor Cstl and the second
storage capacitor Cst2. Accordingly, the organic insulating
film FPS is formed avoiding openings (CH1 and CH2) in a
portion of the passivation film INS12 and a portion of the
first insulating film INS1 that are located above the source
electrode S of the thin film transistor TFT. This reduces the
capacitance of the parasitic capacitors between the transpar-
ent electrode ELL1 and the scanning line SCN and between
the transparent electrode EL1 and the signal line SIG, and
levels the pixel surface as well.

[0371] Inany of the above-mentioned cases, the additional
step of forming the organic insulating film FPS increases the
number of the TFT substrate manufacturing steps. However,
since the capacitance of a parasitic capacitor is lowered by
providing the TFT substrate with the organic insulating film
FPS, degradation in image quality can be prevented without
increasing the capacitance of storage capacitors much.
[0372] In FIGS. 32E, 32F, and 321, a reflective electrode
may be formed along a minute concave-convex structure,
which is formed in at least part of the organic insulating film
FPS in the display area within a single pixel. This makes it
possible to apply the structure of this invention to a trans-
flective or reflective liquid crystal display device that has an
internal diffuse reflection structure.

[0373] In FIGS. 32E and 321, part of the common elec-
trode wiring line COM can be used as a reflective electrode.
In FIGS. 32F and 321, a reflective electrode may be provided
as a component separate from the common electrode wiring
line COM. 1t is preferred in this case to form the reflective
electrode below or above the transparent electrode EL1 so
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that the minute concave-convex structure is reflected well. In
any of those cases, the reflective display portion may be
provided with a liquid crystal layer thickness adjusting layer.
[0374] When the structures of FIGS. 32A, 32B, 32C, 32D,
32G, 32H, and 321 are applied to a transflective liquid
crystal display device, the reflective display portion may be
constituted of the organic insulating film FPS with a minute
concave-convex structure which is formed in at least part of
the display area within a single pixel and a reflective
electrode which is formed above the organic insulating film
FPS. Desirably, however, the organic insulating film FPS is
not formed in the transmissive display portion, and hence a
sufficiently large storage capacitor is secured. This way, the
organic insulating film FPS placed in the reflective display
portion also functions as a liquid crystal layer thickness
adjusting layer.

[0375] InFIGS. 32A, 32B, 32C, 32D, 32G, 32H, and 32J,
a light shielding film (black matrix) BM may be formed
from an insulating material in place of the organic insulating
film FPS. The light shielding film BM on the side of the
second substrate SUB2 in this case is not always necessary.
[0376] InFIGS.32E, 32F, and 321, a color filter FIL whose
color varies from one pixel to another may be provided in
place of the organic insulating film FPS. The color filter FIL
on the side of the second substrate SUB2 in this case is not
always necessary.

Twelfth Embodiment

[0377] The twelfth embodiment discusses an example of
the structure of a vertical-field driven liquid crystal display
device. In vertical field driving where the liquid crystal layer
LC is driven by a major electric field generated in the
thickness direction of the liquid crystal layer LC, the third
transparent electrode EL3 which is closest to the liquid
crystal layer L.C on the TFT substrate side needs to function
as a pixel electrode P.

[0378] FIGS. 33Ato 33H are schematic diagrams showing
the sectional structures of a pixel on the TFT substrate side
in a liquid crystal display device according to the twelfth
embodiment.

[0379] FIGS. 33A, 33C, 33E, and 33G show structures in
which the seventh to tenth embodiments are applied to a
vertical-field driven liquid crystal display device, respec-
tively, and correspond to the TFT substrate side sectional
structures shown in FIGS. 21A, 24A, 27A, and 30A, respec-
tively.

[0380] FIGS. 33A, 33C, 33E, and 33G merely differ from
FIGS. 21A, 24A, 27A, and 30A in that the second transpar-
ent pixel electrode EL3 (P) does not have slit-like openings
which run parallel to one another, that the transparent
electrode EL2 is a storage capacitor electrode that does not
double as a counter electrode, and that the metal wiring line
below the transparent storage capacitor electrode EL2 (ST)
1s accordingly the storage capacitor wiring line STG instead
of the common electrode wiring line COM. A TFT substrate
manufacturing process of this embodiment can therefore
adopt the steps shown in FIGS. 22A to 22G, the steps shown
in FIGS. 25A to 25H, the steps shown in FIGS.28A to 28H,
and the steps shown in FIGS. 31A to 31G.

[0381] Terminal portions and interlayer connection por-
tions in this embodiment can have the same structures as the
ones shown in FIGS. 23A to 23D, the ones shown in FIGS.
26A to 26D, the ones shown in FIGS. 29A to 29D, and the
ones shown in FIGS. 23A to 23D.
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[0382] FIGS. 33B. 33D, 33F, and 33H show modification
examples in which an organic insulating film FPS is formed
from photosensitive acrylic resin or the like on the passiva-
tion film in the vertical-field mode liquid crystal display
devices of FIGS. 33A, 33C, 33E, and 33G, respectively.
[0383] InFIGS.33B. 33D, and 33H, the capacitance of the
first storage capacitor Cstl formed between the first trans-
parent pixel electrode EL1 (P) and the transparent storage
capacitor electrode EL2 (ST) is prevented from dropping by
not forming the organic insulating film FPS in a region
where the transparent storage capacitor electrode EL2 (ST)
and the first transparent pixel electrode EL1 (P) overlap each
other with the first insulating film INS1 interposed between
the two to form the first storage capacitor Cstl.

[0384] On the other hand, the organic insulating film FPS
is formed in regions where the transparent storage capacitor
electrode EL2 (ST) overlaps the scanning line SCN and the
signal line SIG, to thereby lower the capacitance of parasitic
capacitors.

[0385] In FIG. 33F, forming the organic insulating film
FPS in a region where the first storage capacitor Cstl is
formed and in a region where the second storage capacitor
Cst2 is formed does not influence the capacitance of the first
storage capacitor Cstl and the second storage capacitor
Cst2. Accordingly, the organic insulating film FPS is formed
avoiding an opening (CH1) in a portion of the passivation
film INS12 that is located above the source electrode S of the
thin film transistor TFT. This reduces the capacitance of the
parasitic capacitors between the first transparent pixel elec-
trode EL1 (P) and the scanning line SCN and between the
first transparent pixel electrode EL1 (P) and the signal line
SIG, and levels the pixel surface as well.

[0386] Providing the TFT substrate with the organic insu-
lating film FPS lowers the capacitance of a parasitic capaci-
tor, and degradation in image quality can therefore be
prevented without increasing the capacitance of storage
capacitors much.

[0387] Components of the liquid crystal display device on
the side of the second substrate SUB2 are omitted from
FIGS. 33A to 33H, but a fourth transparent electrode EL4
which serves as a counter electrode is formed from a
transparent conductive material such as ITO on a face of the
second substrate SUB2 that is close to the liquid crystal
layer. The fourth transparent electrode EL4 also functions as
the common electrode wiring line COM.

[0388] FIG. 34A shows an equivalent circuit that repre-
sents a single pixel in the liquid crystal display device
according to the twelfth embodiment. The first transparent
pixel electrode EL1 (P), the second transparent pixel elec-
trode EL3 (P), or the source electrode 3 is provided with a
parasitic capacitor Cgs, which is formed between the gate
(G) and source (S) of the thin film transistor TFT, and
parasitic capacitors Cds1 and Cds2, which are formed by the
electrode EL1, EL3, or S and the signal lines SIG, in
addition to the first storage capacitor Cstl, the second
storage capacitor Cst2, and the pixel capacitor Cpx.

[0389] As in all the other embodiments, when the pixel
dimensions are reduced to obtain fine pixels, an equivalent
storage capacitor sufficiently large in relation to the parasitic
capacitors including Cgs, Cds1, and Cds2 can be formed
from the parallel capacitance of the first storage capacitor
Cstl and the second storage capacitor Cst2.

[0390] This makes the voltage of the second transparent
pixel electrode EL3 (P) less susceptible to feed-through



US 2019/0353967 A1l

voltage, which is caused by a voltage change in the scanning
line SCN or the signal line SIG, during a hold period in
which the thin film transistor TFT is off. Phenomena called
smearing and cross talk can thus be prevented.

[0391] It also reduces the leakage of accumulated electric
charges from the first transparent pixel electrode EL1 (P),
the second transparent pixel electrode EL3 (P), and the
source electrode (S) during a hold period, thereby allowing
the electric field applied to the liquid crystal layer L.C to drop
less. Accordingly, degradation in image quality can be
avoided.

[0392] Furthermore, since the first storage capacitor Cstl
and the second storage capacitor Cst2 are constituted of the
first transparent pixel electrode EL1 (P), the first insulating
film INS1, the transparent storage capacitor electrode EL2
(ST), the second insulating film INS2, and the second
transparent pixel electrode EL3 (P), which are all transpar-
ent, forming a storage capacitor that is sufficiently large in
relation to the parasitic capacitor does not lower the aperture
ratio of the transmissive display portion. The formation of a
sufficiently large storage capacitor and the securing of a
sufficiently high aperture ratio are thus accomplished simul-
taneously.

[0393] As in the seventh to tenth embodiments, the storage
capacitor wiring line STG and the transparent storage
capacitor electrode EL2 (ST) in one pixel row may be
separated from those in another pixel row to receive voltage
application independently of those in the other pixel row, or
the storage capacitor wiring line STG and the transparent
storage capacitor electrode EL2 (ST) in one pixel column
may be separated from those in another pixel column to
receive voltage application independently of those in the
other pixel column, although, from the standpoint of reduc-
ing the resistance of the storage capacitor wiring line, it is
preferred to connect the storage capacitor wiring line STG
and the transparent storage capacitor electrode EL2 (ST) in
one pixel to those in adjacent pixels so that a voltage is
applied commonly to all pixels.

[0394] The voltage of the storage capacitor wiring line
STG, namely, the voltage of the transparent storage capaci-
tor electrode EL2 (ST), may be the same as the voltage of
the fourth transparent electrode EL4, which does not mean
that the two always need to match.

[0395] A second storage capacitor wiring line STG2 may
be formed in the gate layer below the source electrode S, to
thereby form a third storage capacitor Cst3 between the
source electrode S and the second storage capacitor wiring
line STG2 through the gate insulating film.

[0396] The third storage capacitor Cst3 in this case con-
stitutes an equivalent circuit as the one shown in FIG. 34B.
A voltage is applied to the second storage capacitor wiring
line STG2 commonly to all pixels, or individually on a pixel
row basis. The voltage of the storage capacitor wiring line
STG and the voltage of the second storage capacitor wiring
line STG2 may be the same, which does not mean that the
two always need to match.

[0397] The structure of the twelfth embodiment is also
applicable to a reflective or transflective liquid crystal dis-
play device that employs a vertical-field driven liquid crystal
display mode.

[0398] In this case, a reflective electrode is formed in at
least part of one of the first transparent pixel electrode EL1
(P), the transparent storage capacitor electrode EL2 (ST),
and the second transparent pixel electrode EL3 (P) to be
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used as the reflective display portion, which may be pro-
vided with a liquid crystal layer thickness adjusting layer.
[0399] FIG. 33F, in particular, can be applied to a trans-
flective or reflective liquid crystal display device that has an
internal diffuse reflection structure if a reflective electrode is
formed along a minute concave-convex structure, which is
formed in at least part of the organic insulating film FPS in
the display area within a single pixel.

[0400] Part of the storage capacitor wiring line STG may
be used as a reflective electrode. Desirably, however, a
reflective electrode separate from the storage capacitor wir-
ing line STG is formed below or above the first transparent
pixel electrode EL1 (P), and hence the minute concave-
convex structure is reflected well.

[0401] In the case where FIGS. 33B, 33D, and 33H are
applied to a transflective liquid crystal display device, the
reflective display portion may be constituted of the organic
insulating film FPS with a minute concave-convex structure
which is formed in at least part of the display area within a
single pixel and a reflective electrode which is formed above
the organic insulating film FPS.

[0402] Desirably, however, the organic insulating film
FPS is not formed in the transmissive display portion, and
hence a sufficiently large storage capacitor is secured. In this
way, the organic insulating film FPS placed in the reflective
display portion also functions as a liquid crystal layer
thickness adjusting layer.

[0403] In FIGS. 33B, 33D, and 33H, a light shielding film
(black matrix) BM may be formed from an insulating
material in place of the organic insulating film FPS. The
light shielding film BM on the side of the second substrate
SUB2 in this case is not always necessary.

[0404] In FIG. 33F, a color filter FIL whose color varies
from one pixel to another may be provided in place of the
organic insulating film FPS. The color filter FIL on the side
of the second substrate SUB2 in this case is not always
necessary.

[0405] The second transparent pixel electrode EL3 (P)
does not have slit-like openings SLT in the vertical-field
driven liquid crystal display device according to the twelfth
embodiment. Alternatively, the second transparent pixel
electrode EL3 (P) may have an opening for controlling the
alignment of liquid crystal molecules as in the vertical
alignment (VA) display mode. Besides, a dielectric projec-
tion for controlling the alignment of liquid crystal molecules
may be formed on the second transparent pixel electrode
EL3 (P).

[0406] The vertical-field driven liquid crystal display
mode discussed here may be a known technology such as the
VA mode, the TN mode, the ECB mode, the OCB mode, the
polymer dispersed type, and the like.

[0407] In all of the above-mentioned embodiments, a
retardation plate may be added if necessary for a desired
display mode and, conversely, may be removed if not
necessary. For example, when the guest-host display mode
is employed, the polarization plate may also be removed if
not necessary. Besides, the retardation plate and the polar-
ization plate may be placed not only outside but also inside
of the first substrate SUB1 and the second substrate SUB2.
[0408] A columnar spacer may be placed on at least one of
the opposing faces of the first substrate SUB1 and the second
substrate SUB2. With the columnar spacer, the liquid crystal
layer LC can have a uniform thickness throughout the plane
of the liquid crystal display device.
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[0409] Further, a backlight is provided on the opposite
side of the display surface of the liquid crystal display
device.

[0410] The alignment of the liquid crystal layer employed
can be horizontal alignment, twisted alignment, vertical
alignment, hybrid alignment, and the like.

[0411] As has been described above, in each of the above-
mentioned embodiments, an equivalent storage capacitor
sufficiently large in relation to the parasitic capacitors can be
formed from the parallel capacitance of the first storage
capacitor Cstl and the second storage capacitor Cst2. This
makes the voltage of the pixel electrode less susceptible to
feed-through voltage, which is caused by a voltage change
in the scanning line or the signal line, during a hold period
in which the thin film transistor TFT is off. Phenomena
called smearing and cross talk can thus be prevented, and
degradation in image quality is prevented.

[0412] It also reduces the leakage of accumulated electric
charges from the pixel electrode and the source electrode (or
the drain electrode) during a hold period, thereby allowing
the electric field applied to the liquid crystal layer to drop
less. This prevents luminance shading and unevenness in a
displayed image without raising the voltage output from
drive circuits and without increasing power consumption.
[0413] Further, since the first storage capacitor and the
second storage capacitor are both transparent in the trans-
missive display area, forming a storage capacitor that is
sufficiently large in relation to the parasitic capacitors does
not lower the aperture ratio of the transmissive display
portion, and the luminance in transmissive display is pre-
vented from dropping. The formation of a sufficiently large
storage capacitor and the securing of a sufficiently high
aperture ratio are thus accomplished simultaneously.
[0414] The invention made by the present inventors has
been described concretely through the above-mentioned
embodiments. However, the present invention is not limited
to the above-mentioned embodiments and is modifiable in
various ways without departing from the spirit of the inven-
tion.

What is claimed is:

1. A display device comprising:

a thin film transistor having gate electrode, source elec-
trode, and a drain electrode;

a first transparent pixel electrode connected to the source
electrode;

a second transparent pixel electrode connected to the
first transparent pixel electrode;

a transparent counter electrode sandwiched between the
first transparent pixel electrode and the second trans-
parent pixel electrode;

a first insulating film sandwiched between the first trans-
parent pixel electrode and the transparent counter elec-
trode; and

a second insulating film sandwiched between second
transparent pixel electrode and the transparent counter
electrode,

wherein

the first transparent pixel electrode, the first insulating
film, the transparent counter electrode, the second
insulating film, and the second transparent pixel elec-
trode are laminated in this order.
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2. The display device of claim 1, wherein

the first transparent pixel electrode overlaps with the

second transparent pixel electrode, and

the transparent counter electrode overlaps with the first

transparent pixel electrode and the second transparent
pixel electrode.

3. The display device of claim 2, wherein

the second transparent pixel electrode connected to the

first transparent pixel electrode via an opening formed
in the first insulating film and the second insulating
film,

the transparent counter electrode has an opening, and

the opening of the transparent counter electrode overlaps

with the opening of the first insulating film and the
second insulating film

4. The display device of claim 3, wherein

the first transparent pixel electrode is formed in a rectan-

gular shape,
the second transparent pixel electrode is formed in a
rectangular shape, and

an area of the transparent counter electrode is larger than

an area of the first transparent pixel electrode and an
area of the second transparent pixel electrode.

5. The display device of claim 2, further comprise a
scanning line connected to the gate electrode; a signal line
connected to the drain electrode; and a metal wiring parallel
to the signal line, wherein

the metal wiring is sandwiched between the first insulat-

ing film and the second insulating film, and overlaps
with the signal line, and

the metal wiring is in contact with the transparent counter

electrode.

6. The display device of claim 2, further comprise a
scanning line connected to the gate electrode; a signal line
connected to the drain electrode; and a metal wiring parallel
to the scanning line, wherein

the metal wiring is sandwiched between the first insulat-

ing film and the second insulating film, and overlaps
with the scanning line, and the metal wiring is in
contact with the transparent counter electrode.

7. The display device of claim 2, further comprise a
scanning line connected to the gate electrode; a signal line
connected to the drain electrode; and a metal wiring parallel
to the signal line and the scanning line, wherein

the metal wiring is sandwiched between the first insulat-

ing film and the second insulating film, and overlaps
with the signal line and the scanning line,

the metal wiring is formed in a lattice shape,

the metal wiring is in contact with the transparent counter

electrode.

8. The display device of claim 4, further comprise a
scanning line connected to the gate electrode; a signal line
connected to the drain electrode; and a metal wiring parallel
to the signal line and the scanning line, wherein

the metal wiring is sandwiched between the first insulat-

ing film and the second insulating film, and overlaps
with the signal line and the scanning line,

the metal wiring is formed in a lattice shape,

the metal wiring is in contact with the transparent counter

electrode.
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