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(57) ABSTRACT

A liquid crystal display device includes a plurality of pixel
regions. Each of the pixel regions includes a thin-film tran-
sistor, a transparent conductive pixel electrode connected to
the thin-film transistor, a first common electrode, a first insu-
lating film disposed between the pixel electrode and the first
common electrode, a second insulating film, a second com-
mon electrode that includes a plurality of slits, and a third
insulating film. A space between two closely adjacent bound-
aries of a pair of pixel electrodes that are adjacent to each
other in a longitudinal direction of the plurality of gate lines
overlaps the first common electrode and the second common
electrode in a plan view.
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LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is bypass continuation of interna-
tional patent application PCT/TP14/001417, filed: Mar. 12,
2014 designating the United States of America, the entire
disclosure of which is incorporated herein by reference. Pri-
ority is claimed based on Japanese patent applications
JP2013-121319, filed: Jun. 7, 2013, JP2013-099342, filed:
May 9, 2013, JP2013-121320, filed: Jun. 7, 2013, JP2013-
121321, filed: Jun. 7, 2013 and JP2013-162272, filed: Aug. 5,
2013. The entire disclosures of these Japanese patent appli-
cations are incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This present disclosure is related to a liquid crystal
display, especially including pixel structures realizing IPS (In
Plane Switching) mode, and the method of manufacturing the
samie.

BACKGROUND

[0003] In aliquid crystal display device of an IPS mode, a
pixel electrode and a common electrode are disposed in a
pixel region of one of two substrates sandwiching a liquid
crystal layer, and a transverse electric field parallel to the
substrates is generated between the pixel electrode and the
common electrode. It has been known that this type of liquid
crystal display device has less display deterioration even by
being observed obliquely relative to a display surface, i.e., has
excellent wide viewing angle characteristics.

[0004] Since an area of a pixel region has been more and
more decreasing, a storage capacitance between the pixel
electrode and the common electrode is likely to be insuffi-
cient. In this point, a prior art describes that a common elec-
trode is disposed above and below a pixel electrode to
increase a storage capacitance between the pixel electrode
and the common electrode (See Japanese Unexamined Patent
Application Publication No. 2009-58913).

[0005] However, the pixel structure described in this prior
art still has room for improvements from the viewpoints of
increasing a storage capacitance between the pixel electrode
and the common electrode, increasing a quantity of light
passing through the pixel region, and reducing a parasitic
capacitance between the pixel electrode and other conductive
members.

SUMMARY

[0006] The present application is made in view of the above
circumstances, and aims to provide a liquid crystal display
device that can enhance display characteristics, and a method
for manufacturing a liquid crystal display device.

[0007] In one general aspect, the present application
describes a liquid crystal display device. The liquid crystal
display device includes a first substrate, a second substrate,
and a liquid crystal layer sandwiched between the first sub-
strate and the second substrate. A plurality of data lines, a
plurality of gate lines, and a plurality of pixel regions, each of
which is enclosed by adjacent two data lines and adjacent two
gate lines are disposed on the first substrate. Each of the pixel
regions includes a thin-film transistor connected to a data line,
a transparent conductive pixel electrode connected to the
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thin-film transistor, a first insulating film disposed on a first
substrate side of the pixel electrode, a first common electrode
that is transparent and conductive, and disposed between the
first insulating film and the first substrate, a second insulating
film disposed on a liquid crystal layer side of the pixel elec-
trode, and a second common electrode that is transparent and
conductive, is disposed between the second insulating film
and the liquid crystal layer, and includes a plurality of slits
formed therein, a pair of longitudinal edges of the plurality of
slits crosses an outer boundary of the pixel electrode in a plan
view, the pair of longitudinal edges extending in a longitudi-
nal direction of the second common electrode, and the first
common electrode overlaps a portion of the pair of longitu-
dinal edges, which is located outside the outer boundary of
the pixel electrode, and a portion of the outer boundary of the
pixel electrode, which is located between the pair of longitu-
dinal edges, in a plan view.

[0008] The above general aspect may include one or more
of the following features. A widthwise edge of the slit is
located outside the outer boundary of the pixel electrode, the
widthwise edge of the slit extending in a widthwise direction
of the second commeon electrode.

[0009] The second common electrode includes a plurality
of band-shaped portions that extend in the longitudinal direc-
tion and are disposed in the widthwise direction; and a plu-
rality of connection portions that extend in the widthwise
direction for connecting the band-shaped portions, and the
plurality of connection portions are located outside the outer
boundary of the pixel electrode.

[0010] The pair of longitudinal edges may cross two
closely adjacent outer boundaries of two pixel electrodes that
are adjacent to each other in the longitudinal direction in a
plan view.

[0011] The first common electrode may overlap an entire
region enclosed by the pair of longitudinal edges and the two
closely adjacent outer boundaries in a plan view.

[0012] Two closely adjacent outer boundaries of two pixel
electrodes that are adjacent to each other in the widthwise
direction may be located inside one of the plurality of slits in
aplan view.

[0013] Two closely adjacent outer boundaries of two pixel
electrodes that are adjacent to each other in the widthwise
direction may not overlap the second common electrode in a
plan view.

[0014] An opening may be formed on the first common
electrode, and the pair of longitudinal edges cross an edge of
the opening in a plan view.

[0015] The pixel region may include a third insulating film
disposed between the first common electrode and the first
substrate, and the plurality of data lines and the thin-film
transistor may be disposed on a first substrate side of the third
insulating film.

[0016] The third insulating film may include an organic
insulating film made of an organic material having a dielectric
constant lower than a dielectric constant of the first insulating
film or the second insulating film.

[0017] Inanother general aspect, the liquid crystal display
device of the present application includes a first substrate, a
second substrate; and a liquid crystal layer sandwiched
between the first substrate and the second substrate. A plural-
ity of data lines, a plurality of gate lines, and a plurality of
pixel regions, each of which is enclosed by adjacent two data
lines and adjacent two gate lines are disposed on the first
substrate. Each of the pixel regions may include a thin-film
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transistor connected to a data line, a transparent conductive
pixel electrode connected to the thin film transistor, a first
insulating film disposed on a first substrate side of the pixel
electrode, a first common electrode that is transparent and
conductive, and disposed between the first insulating film and
the first substrate, a second insulating film disposed on a
liquid crystal layer side of the pixel electrode, and a second
common electrode that is transparent and conductive. The
second common electrode is disposed between the second
insulating film and the liquid crystal layer. The second com-
mon electrode includes a plurality of slits formed therein, the
slits extending along the data lines. A pair of first edges of the
plurality of slits may cross an outer boundary of the pixel
electrode in a plan view. The first common electrode overlaps
a portion of the pair of first edges and a portion of the outer
boundary, in a plan view, the portion of the pair of first edges
being located outside the outer boundary, and the portion of
the outer boundary being located between the pair of first
edges.

[0018] In another general aspect, a liquid crystal display
device of the present application includes a first substrate, a
second substrate, and a liquid crystal layer sandwiched
between the first substrate and the second substrate. A plural-
ity of data lines, a plurality of gate lines, and a plurality of
pixel regions, each of which is enclosed by adjacent two data
lines and adjacent two gate lines may be disposed on the first
substrate. Each of the pixel regions may include a thin-film
transistor connected to a data line, a transparent conductive
pixel electrode connected to the thin-film transistor, a first
insulating film disposed on a first substrate side of the pixel
electrode, a first common electrode that is transparent and
conductive, and disposed between the first insulating film and
the first substrate, a second insulating film disposed on a
liquid crystal layer side of the pixel electrode, and a second
common electrode that is transparent and conductive, is dis-
posed between the second insulating film and the liquid crys-
tal layer. The second insulating film may include a plurality of
slits formed therein, the plurality of slits extending along the
plurality of gate lines. A pair of first edges of the plurality of
slits may cross an outer boundary of the pixel electrode in a
plan view. The pair of first edges may extend along the plu-
rality of gate lines. The outer boundary may extend along the
plurality of data lines. The first common electrode may over-
lap a portion of the pair of first edges and a portion of the outer
boundary, in a plan view. The portion of the pair of first edges
may be located outside the outer boundary. The portion of the
outer boundary may be located between the pair of first edges.

[0019] In another general aspect, a liquid crystal display
device of the present application includes a first substrate, a
second substrate, and a liquid crystal layer sandwiched
between the first substrate and the second substrate. The first
substrate may include a plurality of data lines, a plurality of
gate lines, and a plurality of pixel regions. Each of the plu-
rality of pixel regions may be enclosed by adjacent two data
lines and adjacent two gate lines. The plurality of data lines,
the plurality of gate lines and the plurality of pixel regions are
disposed on the first substrate. Each of the pixel regions
includes a thin-film transistor connected to a data line, a
transparent conductive pixel electrode connected to the thin-
film transistor, a first insulating film disposed on a first sub-
strate side of the data line and the pixel electrode, a first
common electrode that is transparent and conductive, and
disposed between the first insulating film and the first sub-
strate, a second insulating film disposed on a liquid crystal
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layer side of the data line and the pixel electrode, and a second
common electrode that is transparent and conductive. The
second common electrode may be disposed between the sec-
ond insulating film and the liquid crystal layer, and may
include a plurality of slits formed therein. The first common
electrode and the second common electrode may overlap a
space disposed between the data line and the pixel electrode
in a plan view.

[0020] The above general aspect may include one or more
of the following features. An edge of the first common elec-
trode overlaps the space, in a plan view.

[0021] When larger one in width of the data line and a black
matrix that is disposed on the second substrate to correspond
to the data line is defined as a light shielding region, an edge
of one of the plurality of slits of the second common electrode
is located outside the light shielding region and overlaps the
pixel electrode, in a plan view. A distance between the edge of
one of the plurality of slits of the second common electrode
and an edge of the light shielding region in a plan view may be
smaller than a half of a width of the one of the plurality of slits
of the second common electrode.

[0022] A slit may be disposed in the first common elec-
trode. A space may be formed between an edge of the slit of
the first common electrode and the boundary of the pixel
electrode. The first common electrode may overlap the space,
in a plan view.

[0023] A pair of pixel regions adjacent to each other in a
longitudinal direction of the data line may be disposed
between a pair of plurality of gate lines. A common line
parallel to the plurality of gate lines may be disposed between
the pair of pixel regions. The common line may be connected
to the first common electrode included in each of the pair of
pixel regions.

[0024] A space between two closely adjacent boundaries of
the pair of pixel electrodes adjacent to each other in the
longitudinal direction of the data line may overlap the first
common electrode, the second common electrode, and the
common line in a plan view.

[0025] A first common electrodes included in the plurality
of pixel regions arrayed in a longitudinal direction of the
plurality of gate lines may be continuously formed. A com-
mon line that overlaps the data line in a plan view and being
connected to the first common electrode may be disposed.
[0026] A via conductor that is connected to the first com-
mon electrode and the second common electrode may be
disposed through a hole formed in the first insulating film and
the second insulating film in some pixel regions out of the
plurality of pixel regions arrayed in a longitudinal direction of
the gate line.

[0027] In another general aspect, a liquid crystal display
device of the present application includes a first substrate, a
second substrate; and a liquid crystal layer sandwiched
between the first substrate and the second substrate. A plural-
ity of data lines, a plurality of gate lines, and a plurality of
pixel regions, each of which is enclosed by adjacent two data
lines and adjacent two gate lines may be formed on the first
substrate. Each of the pixel regions may include a thin-film
transistor connected to a data line, a transparent conductive
pixel electrode connected to the thin-film transistor, a first
insulating film disposed between the data line and the pixel
electrode, and the first substrate, a second insulating film
disposed between the data line and the pixel electrode, and the
liquid crystal layer, a third insulating film disposed between
the first insulating film and the first substrate, a first common
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electrode that is transparent and conductive, and disposed
between the first insulating film and the first substrate, and a
second common electrode that is transparent and conductive,
is disposed between the second insulating film and the liquid
crystal layer, and includes a plurality of slits formed therein.
One of a gate line and the first common electrode may be
disposed between the first insulating film and the third insu-
lating film. The other may be disposed between the third
insulating film and the first substrate.

[0028] The above general aspect may include one or more
of the following features. The gate line and the first common
electrode may overlap with each other in a plan view.

[0029] Two first common electrodes adjacent to each other
in the longitudinal direction of the plurality of data lines may
be connected to each other via a connection portion across the
gate line. The connection portion may overlap the gate line in
a plan view.

[0030] The connection portion may be thinner than the first
common electrode in a longitudinal direction of the plurality
of gate lines.

[0031] Two first common electrodes adjacent to each other
in alongitudinal direction of the plurality of gate lines may be
connected to each other via a connection portion across the
data line. The connection portion may overlap the data line in
a plan view.

[0032] The connection portion may be thinner than the first
common electrode in a longitudinal direction of the plurality
of data lines.

[0033] An edge of the first common electrode may be
located between the pixel electrode and a gate line in a plan
view.

[0034] An edge of the first common electrode may be
located between the pixel electrode and the data line in a plan
view.

[0035] The data line may include a transparent conductive
film made of a material identical to a material of the pixel
electrode and a metal film disposed on the transparent con-
ductive film.

[0036] The pixel electrode may be sandwiched between a
source electrode or a drain electrode and a semiconductor
layer of the thin-film transistor.

[0037] Inanother general aspect, a method for manufactur-
ing a liquid crystal display device of the present application,
the liquid crystal display device may include a first substrate,
a second substrate, and a liquid crystal layer sandwiched
between the first substrate and the second substrate. A plural-
ity of data lines, a plurality of gate lines, and a plurality of
pixel regions, each of which is enclosed by adjacent two data
lines and adjacent two gate lines are disposed on the first
substrate. Each of the pixel regions may include a thin-film
transistor connected to a data line, a transparent conductive
pixel electrode connected to the thin-film transistor, a first
insulating film disposed between the data line and the pixel
electrode, and the first substrate, a second insulating film
disposed between the data line and the pixel electrode, and the
liquid crystal layer; and a common electrode disposed
between the first insulating film and the first substrate or
between the second insulating film and the liquid crystal
layer. The method may include forming a semiconductor
layer of the thin-film transistor by using a first mask, and
forming the pixel electrode, the data lines, and a source elec-
trode and a drain electrode of the thin-film transistor by using
a second mask different from the first mask.
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[0038] 1In another general aspect, a liquid crystal display
device of the present application may include a first substrate,
a second substrate, and a liquid crystal layer sandwiched
between the first substrate and the second substrate. A plural-
ity of data lines, a plurality of gate lines, and a plurality of
pixel regions, each of which is enclosed by adjacent two data
lines and adjacent two gate lines may be disposed on the first
substrate. Each of the pixel regions may include a thin-film
transistor connected to a data line, a transparent conductive
pixel electrode connected to the thin-film transistor, a first
common electrode that is transparent and conductive, and
disposed between the pixel electrode and the first substrate, a
first insulating film disposed between the pixel electrode and
the first common electrode to cover the first common elec-
trode, a second insulating film that covers the pixel electrode,
a second common electrode that is transparent and conduc-
tive, is disposed on the second insulating film, and includes a
plurality of slits formed therein, and a third insulating film
disposed between the data line and the thin-film transistor,
and the first common electrode to cover the data line and the
thin-film transistor. The pixel electrode may be connected to
the thin-film transistor through a contact hole formed in the
first insulating film and the third insulating film. A space
between two closely adjacent boundaries of a pair of pixel
electrodes that are adjacent to each other in a longitudinal
direction of the plurality of gate lines may overlap the first
commorn electrode and the second common electrode in a
plan view.

[0039] The above general aspect may include one or more
of the following features. A thickness of the first insulating
film and a thickness of the second insulating film may be
smaller than a distance in the space between the two bound-
aries.

[0040] A boundary of the pixel electrode, the first common
electrode, and the second common electrode may overlap the
data line in a plan view.

[0041] The two closely adjacent boundaries of the pair of
pixel electrodes that are adjacent to each other in the longi-
tudinal direction of the plurality of gate lines may overlap the
data line in a plan view. The first common electrode and the
second common electrode may overlap the space between the
two boundaries in a plan view.

[0042] The third insulating film may be made of an organic
material having a dielectric constant lower than a dielectric
constant that of the first insulating film or the second insulat-
ing film.

[0043] The third insulating film may include an organic
insulating film that is made of an organic material and that is

thicker than the first insulating film or the second insulating
film.

[0044] When larger one in a width of the data line and a
black matrix that is disposed on the second substrate to cor-
respond to the data line is defined as a light shielding region,
an edge of one of the plurality of slits of the second common
electrode may be located outside the light shielding region in
a plan view. The distance between the edge of the one of the
plurality of slits of the second common electrode and an edge
of the light shielding region in a plan view may be smaller
than a half of a width of the one of the plurality of slits of the
second common electrode.

[0045] When larger one in a width of the data line and a
black matrix that is disposed on the second substrate to cor-
respond to the data line is defined as a light shielding region,
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an edge of the one of the plurality of slits of the second
common electrode may be located inside the light shielding
region in a plan view.

[0046] The liquid crystal display device may further
include a common line that overlaps the data line in a plan
view, may be connected to the first common electrode, and
may have a higher conductivity than the first common elec-
trode.

[0047] In another general aspect, a liquid crystal display
device of the present application may include a first substrate,
a second substrate, and a liquid crystal layer sandwiched
between the first substrate and the second substrate. A plural-
ity of data lines, a plurality of gate lines, and a plurality of
pixel regions, each of which is enclosed by adjacent two data
lines and adjacent two gate lines may be disposed on the
second substrate. Each of the pixel regions may include a
thin-film transistor connected to a data line, a transparent
conductive pixel electrode connected to the thin-film transis-
tor, a first common electrode that is transparent and conduc-
tive, and disposed between the pixel electrode and the first
substrate, a first insulating film disposed between the pixel
electrode and the first common electrode to cover the first
common electrode, a second insulating film that covers the
pixel electrode, a second common electrode that is transpar-
ent and conductive, is disposed on the second insulating film,
and includes a plurality of slits formed therein, and a third
insulating film disposed between the data line and the thin-
film transistor, and the first common electrode to cover the
data line and the thin-film transistor. The pixel electrode may
be connected to the thin-film transistor through a contact hole
formed in the first insulating film and the third insulating film.
Two closely adjacent outer boundaries of the pixel electrode
that are adjacent to each other in a widthwise direction of the
plurality of slits may overlap the first common electrode in a
plan view, and are located inside one slit of the plurality of
slits of the second common electrode.

[0048] An entirety of the two closely adjacent outer bound-
aries may overlap the first common electrode in a plan view,
and is located inside the one slit of the second common
electrode.

[0049] The two closely adjacent outer boundaries may not
overlap the second common electrode in a plan view.

[0050] A pair of edges of the plurality of slits respectively
may cross the boundaries of the two pixel electrodes adjacent
to each other in the widthwise direction in a plan view. The
pair of edges may extend in a longitudinal direction of the
plurality of slits, and the boundaries extending in the width-
wise direction.

[0051] The plurality of slits may extend along the data line.
An opening for connecting the thin-film transistor and the
pixel electrode may be formed on the first common electrode.
The opening may overlap a region between two pixel elec-
trodes adjacent to each other in the direction in which the data
line extends, in a plan view.

[0052] The plurality of slits may extend along the plurality
of gate lines. An opening for connecting the thin-film transis-
tor and the pixel electrode may be formed on the first common
electrode. The opening may overlap a region between two
pixel electrodes adjacent to each other in a direction in which
the plurality of gate lines extend, in a plan view.

[0053] The two closely adjacent outer boundaries may
overlap the plurality of data lines or the plurality of gate lines
in a plan view.
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[0054] The third insulating film may include an organic
insulating film made of an organic material having a dielectric
constant lower than a dielectric constant of the first insulating
film or the second insulating film.

[0055] In another general aspect, a liquid crystal display
device of the present application may include a first substrate,
a second substrate, and a liquid crystal layer sandwiched
between the first substrate and the second substrate. A plural-
ity of data lines, a plurality of gate lines, and a plurality of
pixel regions, each of which is enclosed by adjacent two data
lines and adjacent two gate lines are disposed on the first
substrate. Each of the pixel regions may include a thin-film
transistor connected to a data line, a transparent conductive
pixel electrode connected to the thin-film transistor, a first
common electrode that is transparent and conductive, and
disposed between the pixel electrode and the first substrate, a
first insulating film disposed between the pixel electrode and
the first common electrode to cover the first common elec-
trode, a second insulating film that covers the pixel electrode,
a second common electrode that is transparent and conduc-
tive, is disposed on the second insulating film, and includes a
plurality of slits formed therein, and a third insulating film
disposed between the data line and the thin-film transistor,
and the first common electrode to cover the data line and the
thin-film transistor. The pixel electrode may be connected to
the thin-film transistor through a contact hole formed in the
first insulating film and the third insulating film. The plurality
of slits may extend along the data line. Two closely adjacent
outer boundaries of two pixel electrodes adjacent to each
other in a direction in which the plurality of gate lines extend
may overlap the first common electrode in a plan view, and
may be located inside one of the plurality of slits of the second
common electrode. The two closely adjacent outer bound-
aries may extend along the data line.

[0056] In the other general aspect, a liquid crystal display
device of the present application may include a first substrate,
a second substrate, and a liquid crystal layer sandwiched
between the first substrate and the second substrate. A plural-
ity of data lines, a plurality of gate lines, and a plurality of
pixel regions, each of which is enclosed by adjacent two data
lines and adjacent two gate lines may be disposed on the first
substrate. Each of the pixel regions may include a thin-film
transistor connected to a data line, a transparent conductive
pixel electrode connected to the thin-film transistor, a first
common electrode that is transparent and conductive, and
disposed between the pixel electrode and the first substrate, a
first insulating film disposed between the pixel electrode and
the first common electrode to cover the first common elec-
trode, a second insulating film that covers the pixel electrode,
a second common electrode that is transparent and conduc-
tive, is disposed on the second insulating film, and includes a
plurality of slits formed therein, a third insulating film dis-
posed between the data line and the thin-film transistor, and
the first common electrode to cover the data line and the
thin-film transistor. The pixel electrode may be connected to
the thin-film transistor through a contact hole formed in the
first insulating film and the third insulating film. The plurality
of slits may extend along the plurality of gate lines. Two
closely adjacent outer boundaries of two pixel electrodes
adjacent to each other in the direction in which the data line
extends may overlap the first common electrode in a plan
view, and may be located inside one of the plurality of slits of
the second common electrode. The two closely adjacent outer
boundaries may extend along the plurality of gate lines.
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[0057] According to the present disclosure, the storage
capacitance between the pixel electrode and the common
electrode canincrease, and a quantity of light passing through
the pixel region can also increase.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG.1isadiagram illustrating a system and a circuit
connection of a liquid crystal display device.

[0059] FIGS.2A and 2B are detailed plan views illustrating
one pixel region in a liquid display panel according to a first
embodiment.

[0060] FIG. 3 is a sectional view taken along a line 3-3'
shown in FIG. 2A.

[0061] FIG. 4 is a sectional view taken along a line 4-4'
shown in FIG. 2A.

[0062] FIG.5A is aplan view illustrating the patterns of the
transparent storage capacitance electrode, the transparent
pixel electrode, and the transparent common electrode.
[0063] FIG. 5B is an enlarged view illustrating an area b in
a dotted circle in FIG. 5A.

[0064] FIG.5C is an enlarged view illustrating an area ¢ in
a dotted circle in FIG. 5A.

[0065] FIG. 6A is a plan view of one pixel region in the
liquid crystal panel according to the first embodiment when a
first photo-process is completed.

[0066] FIG. 6B is a sectional view taken along a line b-b'
shown in FIG. 6A.

[0067] FIG. 7A is a plan view of one pixel region in the
liquid crystal panel according to the first embodiment when a
second photo-process is completed.

[0068] FIG. 7B is a sectional view taken along a line b-b'
shown in FIG. TA.

[0069] FIG. 8A is a plan view of one pixel region in the
liquid crystal panel according to the first embodiment when a
third photo-process is completed.

[0070] FIG. 8B is a sectional view taken along a line b-b'
shown in FIG. 8A.

[0071] FIG. 9A is a plan view of one pixel region in the
liquid crystal panel according to the first embodiment when a
fourth photo-process is completed.

[0072] FIG. 9B is a sectional view taken along a line b-b'
shown in FIG. 9A.

[0073] FIG. 10A is a plan view of one pixel region in the
liquid crystal panel according to the first embodiment when a
fifth photo-process is completed.

[0074] FIG. 10B is a sectional view taken along a line b-b'
shown in FIG. 10A.

[0075] FIG. 11A is a plan view of one pixel region in the
liquid crystal panel according to the first embodiment when a
sixth photo-process is completed.

[0076] FIG. 11B is a sectional view taken along a line b-b'
shown in FIG. 11A.

[0077] FIG. 12A is a plan view of one pixel region in the
liquid crystal panel according to the first embodiment when a
seventh and eighth photo-process is completed.

[0078] FIG. 12B is a sectional view taken along a line b-b'
shown in FIG. 12A.

[0079] FIGS. 13A and 13B are plan views illustrating one
pixel region in the liquid crystal panel according to a second
embodiment.

[0080] FIG. 14 is a sectional view taken along a line 14-14'
shown in FIG. 13A.
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[0081] FIG. 15A is a plan view illustrating the patterns of
the transparent storage capacitance electrode, the transparent
pixel electrode, and the transparent common electrode.
[0082] FIG. 15Bisanenlarged view illustrating an area b in
a dotted circle in FIG. 15A

[0083] FIG. 15C is an enlarged view illustrating an area c in
a dotted circle in FIG. 15A.

[0084] FIGS. 16A and 16B are plan views illustrating one
pixel region in the liquid crystal panel according to the second
embodiment.

[0085] FIGS. 17A and 17B are plan views in order to
explain a shape of slits.

[0086] FIG. 18 is a plan view illustrating a plurality of
pixels in a liquid crystal panel according to a third embodi-
ment.

[0087] FIG. 19 is a detailed plan view illustrating one pixel
in liquid crystal panel shown in FIG. 18.

[0088] FIG. 20 is a sectional view taken along a line 20-20'
shown in FIG. 19.

[0089] FIG. 21 is a sectional view taken along a line 21-21'
shown in FIG. 19.

[0090] FIG. 22 is a sectional view taken along a line 22-22'
shown in FIG. 19.

[0091] FIG. 23 is a diagram illustrating a calculation result
of a transmittance distribution in opening regions in FIG. 22.
[0092] FIGS. 24A and 24B are sectional views taken along
the border between adjacent pixels.

[0093] FIG. 25 is a plan view of one pixel corresponding to
an end of a screen portion of a liquid crystal display panel
according to a third embodiment.

[0094] FIG. 26 is a cross-section view taken along a line
26-26' shown in FIG. 25.

[0095] FIG. 27A is a plan view of one pixel in the liquid
crystal panel according to the third embodiment when a first
photo-process is completed.

[0096] FIG. 27B is a sectional view taken along a line b-b'
shown in FIG. 27A.

[0097] FIG. 28A is a plan view of one pixel in the liquid
crystal panel according to the third embodiment when a sec-
ond photo-process is completed.

[0098] FIG. 28B is a sectional view taken along a line b-b'
shown in FIG. 28A.

[0099] FIG. 29A is a plan view of one pixel in the liquid
crystal panel according to the third embodiment when a third
photo-process is completed.

[0100] FIG. 29B is a sectional view taken along a line b-b'
shown in FIG. 29A.

[0101] FIG. 30A is a plan view of one pixel in the liquid
crystal panel according to the third embodiment when a
fourth photo-process is completed.

[0102] FIG. 30B is a sectional view taken along a line b-b'
shown in FIG. 30A.

[0103] FIG. 31A is a plan view of one pixel in the liquid
crystal panel according to the third embodiment when a fifth
photo-process is completed.

[0104] FIG. 31B is a sectional view taken along a line b-b'
shown in FIG. 31A.

[0105] FIG. 32 is a diagram illustrating a system and a
circuit connection of a liquid crystal display device according
to a fourth embodiment.

[0106] FIG. 33 is a plan view illustrating a plurality of
pixels in the liquid crystal panel shown in FIG. 32.

[0107] FIG. 34 is a plan view illustrating a pixel of the
plurality of pixels in the liquid crystal panel shown in FIG. 33.
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[0108] FIG. 35 is a sectional view taken along a line 35-35'
shown in FIG. 34.

[0109] FIG. 36 is a plan view of six pixels of the liquid
crystal panel according to the fifth embodiment.

[0110] FIG. 37 is a detailed plan view of three pixels of red
R, green G, and blue B pixels shown in FIG. 36.

[0111] FIG. 38 is a sectional view taken along a line 38-38'
shown in FIG. 37.

[0112] FIG. 39 is a sectional view taken along a line 39-39'
shown in FIG. 37.

[0113] FIG. 40A is a plan view of three pixels in a liquid
crystal display panel according to a fifth embodiment when a
first photo-process is completed.

[0114] FIG. 40B is a sectional view taken along a line b-b'
shown in FIG. 40A.

[0115] FIG. 41A is a plan view of three pixels in the liquid
crystal display panel according to the fifth embodiment when
a second photo-process is completed.

[0116] FIG. 41B is a sectional view taken along a line b-b'
shown in FIG. 41A.

[0117] FIG. 42A is a plan view of three pixels in the liquid
crystal display panel according to the fifth embodiment when
a third photo-process is completed.

[0118] FIG. 42B is a sectional view taken along a line b-b'
shown in FIG. 42A.

[0119] FIG. 43A is a plan view of three pixels in the liquid
crystal display panel according to the fifth embodiment when
a fourth photo-process is completed.

[0120] FIG. 43B is a sectional view taken along a line b-b'
shown in FIG. 43A.

[0121] FIG. 44A is a plan view of three pixels in the liquid
crystal display panel according to the fifth embodiment when
a fifth photo-process is completed.

[0122] FIG. 44B is a sectional view taken along a line b-b'
shown in FIG. 44A.

[0123] FIG. 45A is a plan view of three pixels in the liquid
crystal display panel according to the fifth embodiment when
a sixth photo-process is completed.

[0124] FIG. 458 is a sectional view taken along a line b-b'
shown in FIG. 45A.

[0125] FIG. 46 is a plan view of three pixels in a liquid
crystal display panel according to a sixth embodiment.
[0126] FIG. 47 is a sectional view taken along a line 47-47'
shown in FIG. 46.

[0127] FIG. 48 is a sectional view taken along a line 48-48'
shown in FIG. 46.

[0128] FIGS. 49A and 49B are detailed plan views each
illustrating one pixel region in a liquid crystal panel according
to a seventh embodiment.

[0129] FIG. 50 is a sectional view taken along a line 50-50'
shown in FIG. 49.

[0130] FIG. 51 is a sectional view taken along a line 51-51'
shown in FIG. 49.

[0131] FIG. 52 is a sectional view taken along a line 52-52'
shown in FIG. 49.

[0132] FIG. 53 is a sectional view taken along a line 53-53'
shown in FIG. 49.

[0133] FIG. 54A is a plan view of one pixel in the liquid
crystal display panel according to the seventh embodiment
when a first photo-process is completed.

[0134] FIG. 54B is a sectional view taken along a line b-b'
shown in FIG. 54A.
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[0135] FIG. 55A is a plan view of one pixel in the liquid
crystal display panel according to the seventh embodiment
when a second photo-process is completed.

[0136] FIG. 55B is a sectional view taken along a line b-b'
shown in FIG. 55A.

[0137] FIG. 56A is a plan view of one pixel in the liquid
crystal display panel according to the seventh embodiment
when a third photo-process is completed.

[0138] FIG. 568 is a sectional view taken along a line b-b'
shown in FIG. 56A.

[0139] FIG. 57A is a plan view of one pixel in the liquid
crystal display panel according to the seventh embodiment
when a fourth photo-process is completed.

[0140] FIG. 57B is a sectional view taken along a line b-b'
shown in FIG. 57A.

[0141] FIG. 58A is a plan view of one pixel in the liquid
crystal display panel according to the seventh embodiment
when a fifth photo-process is completed.

[0142] FIG. 58B is a sectional view taken along a line b-b'
shown in FIG. 58A.

[0143] FIG. 59A is a plan view of one pixel in the liquid
crystal display according to the seventh embodiment when a
sixth photo-process is completed.

[0144] FIG. 59B is a sectional view taken along a line b-b'
shown in FIG. 59A.

[0145] FIG. 60 is a detailed plan view illustrating one pixel
region in a liquid crystal display device according to an eighth
embodiment.

[0146] FIG. 61 is a sectional view taken along a line 61-61'
shown in FIG. 60.

[0147] FIG. 62 is a sectional view taken along a line 62-62'
shown in FIG. 60.

[0148] FIG. 63 is a sectional view of a liquid crystal display
device according to a ninth embodiment.

[0149] FIG. 64 is a sectional view of the liquid crystal
display device according to the ninth embodiment.

[0150] FIG. 65 is a detailed plan view illustrating one pixel
region in a liquid crystal display according to a tenth embodi-
ment.

[0151] FIG. 66 is a sectional view taken along a line 66-66'
shown in FIG. 65.

[0152] FIG. 67 is a sectional view taken along a line 67-67'
shown in FIG. 65.

[0153] FIG. 68A is a plan view of one pixel in the liquid
crystal panel according to the tenth embodiment when a first
photo-process is completed.

[0154] FIG. 68B is a sectional view taken along a line b-b'
shown in FIG. 68A.

[0155] FIG. 69A is a plan view of one pixel in the liquid
crystal panel according to the tenth embodiment when a sec-
ond photo-process is completed.

[0156] FIG. 69B is a sectional view taken along a line b-b'
shown in FIG. 69A.

[0157] FIG. 70A is a plan view of one pixel in the liquid
crystal panel according to the tenth embodiment when three
layers are stacked after the step shown in FIG. 69

[0158] FIG. 70B is a sectional view taken along a line b-b'
shown in FIG. T0A.

[0159] FIG. 71A is a plan view of one pixel in the liquid
crystal panel according to the tenth embodiment when a third
photo-process is completed.

[0160] FIG. 71B is a sectional view taken along a line b-b'
shown in FIG. T1A.
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[0161] FIG. 72A is a plan view of one pixel in the liquid
crystal panel according to the tenth embodiment when a
fourth photo-process is completed.

[0162] FIG. 72B is a sectional view taken along a line b-b'
shown in FIG. 7T2A.

[0163] FIG. 73A is a plan view of one pixel in the liquid
crystal panel according to the tenth embodiment when a fifth
photo-process is completed.

[0164] FIG. 73B is a sectional view taken along a line b-b'
shown in FIG. 7T3A.

[0165] FIG. 74A is a plan view of one pixel in the liquid
crystal panel according to the tenth embodiment when a sixth
photo-process is completed.

[0166] FIG. 74B is a sectional view taken along a line b-b'
shown in FIG. 74A.

[0167] FIG.75 s adetailed plan view illustrating one pixel
region in a liquid crystal display according to an eleventh
embodiment.

[0168] FIG. 76 is a sectional view taken along a line 76-76'
shown in FIG. 75.

[0169] FIG. 77 is a sectional view taken along a line 77-77'
shown in FIG. 75.

[0170] FIG. 78 is a diagram illustrating a calculation result
of a transmittance distribution in opening regions shown in
FIG. 77.

[0171] FIGS. 79A and 79B are sectional views around the
data line shown in FIG. 77.

[0172] FIGS. 80A and 80B are sectional views around the
data line shown in FIG. 77.

[0173] FIG. 81A is a plan view of one pixel in a liquid
crystal display panel according to a twelfth embodiment
when a first photo-process is completed.

[0174] FIG. 81B is a sectional view taken along a line b-b'
shown in FIG. 81A.

[0175] FIG. 82A is a plan view of one pixel in the liquid
crystal display panel according to the twelfth embodiment
when a second photo-process is completed.

[0176] FIG. 82B is a sectional view taken along a line b-b'
in shown FIG. 82A.

[0177] FIG. 83A is a plan view of one pixel in the liquid
crystal display panel according to the twelfth embodiment
when a third photo-process is completed.

[0178] FIG. 83B is a sectional view taken along a line b-b'
shown in FIG. 83A.

[0179] FIG. 84A is a plan view of one pixel in the liquid
crystal display panel according to the twelfth embodiment
when a fourth photo-process is completed.

[0180] FIG. 84B is a sectional view taken along a line b-b'
shown in FIG. 84A.

[0181] FIG. 85A is a plan view of one pixel in the liquid
crystal display panel according to the twelfth embodiment
when a fifth photo-process is completed.

[0182] FIG. 85B is a sectional view taken along a line b-b'
shown in FIG. 85A.

[0183] FIG. 86A is a plan view of one pixel in the liquid
crystal display panel according to the twelfth embodiment
when a sixth photo-process is completed.

[0184] FIG. 868 is a sectional view taken along a line b-b'
shown in FIG. 86A.

[0185] FIG. 87A is a plan view of one pixel in the liquid
crystal panel according to the twelfth embodiment when a
seventh photo-process is completed.

[0186] FIG. 87B is a sectional view taken along a line b-b'
shown in FIG. 82A.
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[0187] FIG. 88 is a detailed plan view illustrating one pixel
region in the liquid crystal display according to the twelfth
embodiment.

[0188] FIG. 89 is a sectional view taken along a line 89-89'
shown in FIG. 88.

[0189] FIGS. 90A and 90B are detailed plan views illus-
trating one pixel region in a liquid crystal panel according to
a thirteenth embodiment.

[0190] FIG. 91 is a sectional view taken along a line 91-91'
shown in FIG. 90.

[0191] FIG. 92 is a sectional view taken along a line 92-92'
shown in FIG. 90.

[0192] FIG. 93A is a plan view of one pixel in the liquid
crystal display panel according to the thirteenth embodiment
when a first photo-process is completed.

[0193] FIG. 93B is a sectional view taken along a line b-b'
shown in FIG. 93A.

[0194] FIG. 94A is a plan view of one pixel in the liquid
crystal display panel according to the thirteenth embodiment
when a second photo-process is completed.

[0195] FIG. 94B is a sectional view taken along a line b-b'
shown in FIG. 94A.

[0196] FIG. 95A is a plan view of one pixel in the liquid
crystal display panel according to the thirteenth embodiment
when a third photo-process is completed.

[0197] FIG. 95B is a sectional view taken along a line b-b'
shown in FIG. 95A.

[0198] FIG. 96A is a plan view of one pixel in the liquid
crystal display panel according to the thirteenth embodiment
when a fourth photo-process is completed.

[0199] FIG. 96B is a sectional view taken along a line b-b'
shown in FIG. 96A.

[0200] FIG. 97A is a plan view of one pixel in the liquid
crystal display panel according to the thirteenth embodiment
when a fifth photo-process is completed.

[0201] FIG. 97B is a sectional view taken along a line b-b'
shown in FIG. 97A.

[0202] FIG. 98A is a plan view of one pixel in the liquid
crystal display panel according to the thirteenth embodiment
when a sixth photo-process is completed.

[0203] FIG. 98B is a sectional view taken along a line b-b'
shown in FIG. 98A.

[0204] FIG. 99A is a plan view of one pixel in the liquid
crystal display panel according to the thirteenth embodiment
when a seventh photo-process is completed.

[0205] FIG. 99B is a sectional view taken along a line b-b'
shown in FIG. 99A.

[0206] FIGS.100A and 100B are detailed plan views illus-
trating one pixel regionin the liquid crystal panel according to
the fourteenth embodiment.

[0207] FIG. 101 is a sectional view taken along a line 101-
101" shown in FIG. 100.

DETAILED DESCRIPTION

[0208] Exemplary display devices are described below
with reference to the drawings. In the following embodi-
ments, similar constituent elements are assigned with similar
reference numerals. Redundant explanation is omitted as
appropriate to clarify the description. Configurations,
arrangements and shapes shown in the drawings and descrip-
tion relating to the drawings aim to make principles of the
embodiments easily understood. Therefore, the principles of
the present embodiments are not limited thereto.
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[0209] Tt is to be understood that the following disclosure
provides many different embodiments, or examples, for
implementing different features of the present subject matter.
Specific embodiments or examples of components and
arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are not
intended to be limiting. For example, dimensions of elements
are not limited to the disclosed range or values, but may
depend upon process conditions and/or desired properties of
the device. Moreover, the formation of a first feature over or
on a second feature in the description that follows may
include embodiments in which the first and second features
are formed in direct contact, and may also include embodi-
ments in which additional features may be formed interpos-
ing the first and second features, such that the first and second
features may not be in direct contact. Various features may be
arbitrarily drawn in different scales for simplicity and clarity.
[0210] Further, spatially relative terms, such as “beneath,”
“below,” “bottom,” “lower,” “above,” “upper” and the like,
may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. The spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. The apparatus may be otherwise ori-
ented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein may likewise be
interpreted accordingly. In addition, the term “made of” may
mean either “comprising” or “consisting of.”

2 <

[Basic Structure]

[0211] FIG. 1 illustrates a system and a circuit connection
of a liquid crystal display device according to all embodi-
ments of this present application. A liquid crystal display
device LCD includes a screen region DIA and a drive circuit
region around the screen region DIA. An active matrix dis-
play is arranged in the screen region DIA. A scanning-voltage
is applied to scanning (gate) lines G1, G2, . . . Gn from a
scanning line drive circuit, and a video-data voltage is applied
to data lines D1, D2, . . . Dm from a data line drive circuit. The
video-data voltage is applied to a transparent pixel electrode
PIT by turning on or off a thin-film transistor TFT, and a
common voltage is applied to a transparent common elec-
trode CIT from a common electrode drive circuit. An electric
field generated between the transparent pixel electrode PIT
and the transparent common electrode CIT drives a liquid
crystal layer LC. A storage capacitance STG is formed in each
pixel region for preventing a voltage drop in the liquid crystal
layer L.C. The common voltage is propagated from the com-
mon electrode drive circuit to the transparent common elec-
trode CIT and a transparent storage capacitance electrode
MIT. A desired video-data voltage is applied to the data lines
D1 (R), D2 (G), and D3 (B) connected to pixels correspond-
ing to red (R), green (G), and blue (B), whereby a color
display is realized.

First Embodiment

[0212] Referring to FIGS. 2~12, a liquid crystal panel of a
first embodiment will be described.

[0213] FIGS.2A and 2B are detailed plan views each illus-
trating one pixel region, FIG. 3 is a sectional view taken along
line3-3'in F1G. 2A, and FIG. 4 is a sectional view taken along
line 4-4' in FIG. 2A.
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[0214] FIGS. 2A and 2B are plan views each illustrating a
thin-film transistor TFT, one pixel region enclosed by the gate
lines GL. and the data lines DL, and a part of the neighboring
pixel region adjacent to this pixel region, all of which are
illustrated in FIG. 1. To facilitate understanding of the struc-
ture, FIG. 2A illustrates patterns of almost all layers, while
FIG. 2B illustrates only a pattern of each transparent elec-
trode and a projected position (broken line) of an opening of
a black matrix BM. An inner side of the opening of the black
matrix BMisa light transmittance region, and an outer side of
the opening is a light shielding region.

[0215] Thearrangement and function of each configuration
in FIG. 2A will be described. Each of the gate lines GL is
made of a low resistance metal layer. The gate lines GL are
connected to the scanning line drive circuit in FIG. 1, and a
scanning-voltage is applied to the gate lines GL from the
scanning line drive circuit. On the other hand, each of the data
lines DL is also made of a low resistance metal layer, and a
video-data voltage is applied to the data lines DL. In the case
where a gate-on voltage is applied to the gate lines GL, the
resistance of the semiconductor layer SEM of the thin-film
transistor TFT becomes low, whereby the voltage of the data
lines DL is transmitted to a source electrode SM made of a
low resistance metal layer, and also transmitted to the trans-
parent pixel electrode PIT connected to the source electrode
SM via a contact hole.

[0216] Thecommon voltage that is another voltage applied
to the liquid crystal layer is applied to the transparent com-
mon electrode CIT and the transparent storage capacitance
electrode MIT from the common electrode drive circuit in
FIG. 1. The transparent pixel electrode PIT is stacked on the
transparent storage capacitance electrode MIT with an insu-
lating film interposed therebetween. The transparent com-
mon electrode CIT is also stacked on the transparent pixel
electrode PIT with an insulating film interposed therebe-
tween. The transparent common electrode CIT has a plurality
of slits formed therein. The electric field from the transparent
pixel electrode PIT reaches the inside of the liquid crystal
layer through the slits of the transparent common electrode
CIT disposed on the transparent pixel electrode PIT, is folded
in the liquid crystal layer, and finally reaches the transparent
common electrode CIT. Thus, a transverse electric field is
applied to the liquid crystal layer.

[0217] In the present embodiment, an elongated closed
opening is referred to as a slit. However, the slitis not limited
thereto. The slit may be an elongated cutout with one end
open. The width of the slit may be larger than the distance
between the slits.

[0218] The transparent storage capacitance electrode MIT
is also connected to the common electrode drive circuit in
FIG. 1, and the common voltage is applied to the transparent
storage capacitance electrode MIT from the common elec-
trode drive circuit. The transparent storage capacitance elec-
trode MIT is disposed below the transparent pixel electrode
PIT with an insulating film interposed therebetween, and the
storage capacitance STG is formed between the transparent
pixel electrode PIT and the transparent storage capacitance
electrode MIT. As described above, in the present embodi-
ment, the transparent common electrode CIT having the slits,
the transparent pixel electrode PIT, and the transparent stor-
age capacitance electrode MIT are formed on the pixel region.
These three different transparent conductive films are formed
by different processes. The transparent pixel electrode PIT is
connected to the source electrode SM via a contact hole
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CONT formed on the insulating film, and disposed indepen-
dently on each pixel region. On the other hand, the transparent
storage capacitance electrode MIT and the transparent com-
mon electrode CIT are connected in the form of a network
over the entire screen region DIA to cover the plurality of
pixel regions.

[0219] The present embodiment is mainly characterized by
planar patterns of the transparent common electrode CIT, the
transparent storage capacitance electrode MIT, and the trans-
parent pixel electrode PIT in one pixel region. Therefore, the
relationship of these patterns will be described with reference
to FIG. 2B.

[0220] The pattern of the uppermost layer in F1G. 2B is the
transparent common electrode CIT. The transparent common
electrode CIT has a plurality of band-shaped portions C1
extending parallel to the data lines DL, and a plurality of slits
CS are formed between the band-shaped portions C1. In the
present embodiment, the longitudinal direction of the slit CS
means the extending direction of the data lines DL, and the
widthwise direction of the slit CS means the extending direc-
tion of the gate lines GL.

[0221] In a plan view, the transparent pixel electrode PIT
can be seen through each slit CS of the transparent common
electrode CIT. Among thesesslits CS, the slit CS located above
the data line DL is formed to be wider than the other slits CS,
and an outer boundary P1 of the transparent pixel electrode
PIT is present in this slit CS, the outer boundary P1 being
parallel to the longitudinal direction of the slit CS.

[0222] Specifically, two closely adjacent outer boundaries
P1 of two transparent pixel electrodes PIT that are adjacent to
each other in the widthwise direction of the slit CS, and a
space PS between these two closely adjacent outer bound-
aries P1 are included in the slit CS located above the data line
DL. In other words, the two closely adjacent outer boundaries
P1 of two transparent pixel electrodes PIT that are adjacent to
each other in the widthwise direction of the slit CS, and the
space PS between these two closely adjacent outer bound-
aries P1 are not covered with the transparent common elec-
trode CIT, i.e., not overlapped with the transparent common
electrode CIT in a plan view.

[0223] A pair of edges CE of the slit CS located above the
data line DL respectively crosses outer boundaries P2 of two
transparent pixel electrodes PIT that are adjacent to each
other in the widthwise direction of the slit CS in a plan view,
the pair of edges CE extending in the longitudinal direction of
the slit CS, and the outer boundaries P2 being parallel to the
widthwise direction of the slit CS.

[0224] Thetwo closely adjacent outer boundaries P1 of two
transparent pixel electrodes PIT that are adjacent to each
other in the widthwise direction of the slit CS and the space
PS between the two closely adjacent outer boundaries P1
overlap the transparent storage capacitance electrode MIT
disposed below the transparent pixel electrode PIT in a plan
view. The two closely adjacent outer boundaries P1 of two
transparent pixel electrodes PIT that are adjacent to each
other in the widthwise direction of the slit CS and the space
PS between the two closely adjacent outer boundaries P1 also
overlap the data line DL disposed below the transparent stor-
age capacitance electrode MIT in a plan view.

[0225] The transparent common electrode CIT includes a
plurality of connection portions C2 that connect the plurality
of band-shaped portions C1 in the widthwise direction of the
slit CS above the gate lines GL. The connection portions C2
are disposed in a region where light is shielded by the black
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matrix BM. Therefore, the band-shaped portions C1 of the
transparent common electrode CIT become an electrode that
mainly drives the liquid crystal in the opening of the black
matrix BM.

[0226] The transparent pixel electrode PIT has a planar
pattern disposed independently in each pixel region. The
transparent pixel electrode PIT and the source electrode SM
are connected to each other via the contact hole CONT
formed on the insulating film. The outer boundaries P1 and P2
of the adjacent transparent pixel electrodes PIT are separated
across the data line DL and the gate line GL respectively.
[0227] The transparent storage capacitance electrode MIT
is disposed below the transparent pixel electrode PIT with the
insulating film interposed therebetween. The transparent stor-
age capacitance electrode MIT is formed into a sheet shape
spreading in a plane, and an opening MA is formed corre-
sponding to each pixel region. FIGS. 2A and 2B illustrate an
edge of the opening MA. The opening MA is formed to
overlap the region between the two transparent pixel elec-
trodes PIT that are adjacent to each other in the longitudinal
direction of the slit CS. The contact hole CONT is formed in
the opening MA. The transparent storage capacitance elec-
trode MIT is disposed above the gate line GL and the data line
DL with the insulating film interposed therebetween to cover
the gate line GL. and the data line DL. This structure prevents
an electric field noise generated from the gate lines GL or the
data lines DL from entering the liquid crystal layer LC.
[0228] It has been known that, in a liquid crystal display
device of an IPS system, an aperture ratio can be enhanced by
covering the data lines DL or the gate lines GL with a trans-
parent electrode, to which a common voltage is applied, with
an insulating film interposed therebetween. In this system, the
uppermost transparent common electrode CIT extends in the
direction in which the data lines DL extend, and is formed to
have a large width to cover the data lines DL from above. In
this case, the width of the transparent common electrode CIT
covering the data lines DL is formed to be relatively larger
than the width of the data line DL in order to form a margin for
positioning during a TFT process. When the width of the
transparent common electrode CIT is increased, a transverse
electric field is not applied to the width increased portion,
even if the electrode is transparent. Therefore, the width
increased portion does not contribute to transmittance in the
display. In other words, the aperture ratio for the display
cannot be enhanced.

[0229] InFIGS.2A and 2B of the present embodiment, the
space between the transparent pixel electrodes PIT disposed
in the horizontal direction is set to be small, and the transpar-
ent storage capacitance electrode MIT is disposed in the
portion below the space. In this case, the transparent storage
capacitance electrode MIT functions as a shield for the data
lines DL, whereby the black matrix BM on the data line DL
can be made thin, and hence, the aperture ratio can be
increased. Specifically, the present embodiment aims to
enhance the aperture ratio by arranging the transparent stor-
age capacitance electrode MIT and not arranging the trans-
parent common electrode CIT above the data lines DL.
[0230] InFIGS.2A and 2B, the transparent storage capaci-
tance electrode MIT is disposed above most of the gate line
GL extending in the horizontal direction. The transparent
common electrode CIT has a plurality of long band-shaped
portions, which extend in the perpendicular direction in
which the data lines DL extend, over the plurality of pixel
regions, and also has the connection portions disposed almost
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on the center of the black matrix BM, which covers the gate
line GL, in the perpendicular direction, the connection pot-
tions extending in the horizontal direction for connecting the
band-shaped portions. Thus, the transparent common elec-
trode CIT has a mesh-like planar pattern. This structure pro-
vides an effect of maintaining the supply of the common
voltage even if the band-shaped portions extending in the
perpendicular direction are broken, and an effect of reducing
awiring resistance of the transparent common electrode CIT.
In the region where light is shielded by the black matrix BM
above the gate line GL, a pair of edges of the slit of the
transparent common electrode CIT crosses the outer bound-
ary of the transparent pixel electrode PIT almost perpendicu-
larly, the pair of edges extending in the perpendicular direc-
tion.

[0231] FIG. 3 is a sectional view taken along line 3-3' in
FIG. 2A. The components, their functions, and used materials
in the cross-sectional structure will be described. The liquid
crystal layer LC is sandwiched between a first transparent
substrate SBU1 and a second transparent substrate SUB2.
The liquid crystal layer L.C includes positive liquid crystal in
which long axes of liquid crystal molecules are aligned along
the direction of the electric field or negative liquid crystal in
which long axes of liquid crystal molecules are aligned in the
direction perpendicular to the direction of the electric field.
The thickness of the liquid crystal layer ranges from 3 pm to
4 um. The first transparent substrate SUB1 and the second
transparent substrate SUB2 are made of glass, and the thick-
ness of each substrate ranges from 0.4 mm to 0.7 mm in the
manufacturing process. However, the thickness may finally
be thin, such as about 0.2 mm, by a chemical polishing after
the liquid crystal layer LCis sandwiched between the first and
second transparent substrates SUB1 and SUB2. The material
for the substrate is not limited to glass. Plastic may also be
used.

[0232] A first polarizing plate POL1 and a second polariz-
ing plate POL2 are attached on the outside of the first trans-
parent substrate SUB1 and the second transparent substrate
SUB2. The second polarizing plate POL2 polarizes light from
the backlight, which is not illustrated and disposed at the
outside, and transmits the polarized light to the liquid crystal
layer LC. The liquid crystal layer LC changes the light polar-
ized by the second polarizing plate POL2 into elliptically
polarized light by birefringence effects. The first polarizing
plate POL1 converts the elliptically polarized light transmit-
ted through the liquid crystal layer LC into linearly polarized
light and transmits the linearly polarized light. In the present
embodiment, the polarization axis of the first polarizing plate
POL1 and the polarization axis of the second polarizing plate
POL2 are orthogonal to each other (a so-called crossed
nicols). Therefore, when an electric field is not applied to the
liquid crystal layer LC, light, passing through the liquid crys-
tal layer LC, from the backlight is shielded by the first polar-
izing plate POL1, whereby a black image is generated. On the
other hand, when an electric field generated between the
transparent pixel electrode PIT and the transparent common
electrode CIT is mainly applied to the liquid crystal layer LC,
the liquid crystal layer LC changes this light into elliptically
polarized light by the birefringence effects. In this case, trans-
mittance is changed according to the magnitude of the volt-
age, whereby a halftone image or white image can be gener-
ated. Since the common voltage is applied to the transparent
storage capacitance electrode MIT, the liquid crystal layer LC
can be driven by the electric field between the transparent
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storage capacitance electrode MIT and the transparent pixel
electrode PIT. However, in the present embodiment, this
region is shielded by the black matrix BM as illustrated in
FIG. 2A, so that light in this region is not included in the
transmission light for the display operation.

[0233] Afirstorientation film AL1 and a second orientation
film AL2 for aligning the liquid crystal molecules are dis-
posed to be in contact with both surfaces of the liquid crystal
layer LC. The first and second orientation films AL1 and AL2
are mainly made of polyimide. A rubbing method or irradia-
tion of polarized ultraviolet ray is employed as the method of
aligning the liquid crystal molecules on their surfaces. Light
passes through the color filter CF formed on the first trans-
parent substrate SUB1, whereby a color display is realized.
Since a pigment contained in a coloring layer of the color
filter CF is dissolved into the liquid crystal layer LC to cause
contamination, the surface of the color filter CF is coated with
an overcoat film OC made of an organic material. This over-
coat film OC also has a function of smoothing the surface.
[0234] Some kind of a semiconductor layer SEM may not
realize a satisfactory image display, since the resistance of the
semiconductor layer SEM is lowered when the semiconduc-
tor layer SEM is directly irradiated with external light. There-
fore, the black matrix BM is disposed above the semiconduc-
tor layer SEM on the first transparent substrate SUB1. The
black matrix BM is also disposed on the border between the
pixel regions of the color filter CF to prevent a mixed color
caused by the situation in which light from the adjacent pixel
regions is obliquely seen. In other words, the black matrix
BM contributes to a display of an image without a blurring.
However, if the width of the black matrix BM is too large, the
aperture ratio or transmittance is reduced. Therefore, in order
to realize high transmittance and low power consumptionina
high-definition liquid crystal display device, the biggest chal-
lenge is whether or not the width of the black matrix BM can
be set to the minimum width by which the mixed color does
not occur when the black matrix BM is obliquely seen. The
black matrix BM is made of a resin material containing a
black pigment or a metal material.

[0235] Similar to the planar configuration in FIGS. 2A and
2B, a drive voltage is applied between the transparent pixel
electrode PIT and the transparent common electrode CIT, in
the case where the liquid crystal layer LC is regarded as a
capacitor in one pixel region. The common voltage identical
to that applied to the transparent common electrode CIT is
applied to the transparent storage capacitance electrode MIT.
Firstly, an on-voltage is applied to the gate lines GL made of
a metal layer. Each of the gate lines GL is made of a metal
material mainly made of aluminum Al, molybdenum Mo,
titanium Ti, or copper Cu, an alloy obtained by adding tung-
sten W, manganese Mn, titanium Ti, or the like to the above
metal material, or a stacked body formed by the combination
of these materials. The thickness of the gate line GL ranges
from 100 nm to 300 nm.

[0236] A gate insulating film GSN is disposed on the gate
lines GL. Silicon nitride (SiN) formed by plasma chemical
vapor deposition (CVD) is used for the gate insulating film
GSN. The gate insulating film GSN may be made of silicon
dioxide SiO, or alumina Al,O;. The semiconductor layer
SEM is processed and disposed in an island shape on the gate
line GL. As a material of the semiconductor layer, amorphous
silicon a-Si is preferable when silicon nitride is used for the
gate lines GL, and oxide semiconductor or low-temperature
polysilicon LTPS is preferable when silicon dioxide SiQ, is
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used for the gate lines GL. Indium gallium zinc oxide is
preferable for the oxide semiconductor.

[0237] The data line DL and the source electrode SM are
formed on the semiconductor layer SEM. The data line DL
and the source electrode SM are made of a low resistance
metal material formed by the same process. This metal mate-
rial includes a metal material mainly made of aluminum Al,
molybdenum Mo, titanium Ti, or copper Cu, an alloy
obtained by adding tungsten W, manganese Mn, titanium Ti,
or the like to the above metal material, or a stacked body
formed by the combination of these materials.

[0238] A protection insulating film PAS is formed on the
data line DL and the source electrode SM. Silicon nitride SiN
or silicon dioxide SiO, can be used for the protection insu-
lating film PAS. The protection insulating film PAS may not
be provided. An interlayer insulating film ORG is formed on
the protection insulating film PAS. A photosensitive organic
material including acryl as a main composition is used for the
interlayer insulating film ORG. The organic material has a
relative dielectric constant of 4 orless, which is lowerthan 6.7
of silicon nitride. The organic material can be formed to be
thicker than silicon nitride due to the manufacturing process.
In the present embodiment, the thickness of the organic mate-
rial is set to be 1.5 pm to 3 um. According to the interlayer
insulating film ORG having reduced relative dielectric con-
stant and increased thickness, the wiring capacitance gener-
ated between the second transparent storage capacitance elec-
trode MIT, which 1s disposed on the interlayer insulating film
ORG and forms one electrode of the storage capacitance
STG, and the data lines DL or the gate lines GL can signifi-
cantly be reduced. Accordingly, it is obvious that a wiring
delay of the transparent storage capacitance electrode MIT
that uses a transparent conductive film material having rela-
tively high resistance can also be reduced. Consequently, a
relatively large screen region DIA can be obtained, even if a
low resistance metal wiring is not connected to the transpar-
ent storage capacitance electrode MIT.

[0239] The first transparent substrate SUB1 and the second
transparent substrate SUB2 correspond to a first substrate and
asecond substrate in a liquid crystal display device according
to the present application, respectively. A set of the protection
insulating film PAS and the interlayer insulating film ORG
corresponds to a third insulating film in a liquid crystal dis-
play device according to the present application, and the
interlayer insulating film ORG corresponds to an organic
insulating film in the liquid crystal display device according
to the present application.

[0240] The transparent storage capacitance electrode MIT
is a transparent conductive film, and is made of tin indium
oxide ITO or indium zinc oxide IGO, for example. The trans-
parent storage capacitance electrode MIT and the transparent
pixel electrode PIT form the storage capacitance STG in the
pixel region across an insulating film SNG. The storage
capacitance STG can prevent the attenuation of the video-
data voltage, caused by the charges accumulated with the
thin-film transistor TFT being turned on, during the storage
operation period. The transparent storage capacitance elec-
trode MIT corresponds to a first common electrode in the
liquid crystal display device according to the present appli-
cation, and the insulating film SNG corresponds to a first
insulating film in the liquid crystal display device according
to the present application.

[0241] The transparent pixel electrode PIT is electrically
connected to the source electrode SM via the contact hole
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CONT formed on the protection insulating film PAS, the
interlayer insulating film ORG, and the insulating film SNG.
The transparent pixel electrode PIT has an independent pla-
nar pattern in each pixel region separated by the gate lines GL
and the data lines DL, which are arranged in a matrix. When
an on-voltage is applied to the gate lines GL to bring the
semiconductor layer SEM into a low resistance state, the
video-data voltage is applied to the transparent pixel elec-
trode PIT via the source electrode SM from the data line DL.
The video-data voltage is charged in the capacitance between
the transparent pixel electrode PIT and the transparent com-
mon electrode CIT and in the capacitance between the trans-
parent pixel electrode PIT and the transparent storage capaci-
tance electrode MIT.

[0242] The transparent common electrode CIT is disposed
on the transparent pixel electrode PIT with an upper insulat-
ing film UPAS interposed therebetween. Like the other insu-
lating films, the upper insulating film UPAS is made of silicon
nitride SiN or silicon dioxide SiO,. The transparent common
electrode CIT corresponds to a second common electrode in
the liquid crystal display device according to the present
application, and the upper insulating film UPAS corresponds
to a second insulating film in the liquid crystal display device
according to the present application.

[0243] When the on-voltage is applied to the gate lines GL,
the video-data voltage is applied to the transparent pixel elec-
trode PIT via the data lines DL, the semiconductor layer
SEM, and the source electrode SM. This video-data voltage is
charged in the capacitance between the transparent pixel elec-
trode PIT and the transparent common electrode CIT and in
the capacitance between the transparent pixel electrode PIT
and the transparent storage capacitance electrode MIT, the
transparent common electrode CIT and the transparent stor-
age capacitance electrode MIT having the same common
potential. When an off-voltage is applied to the gate lines GL,
the period after the application of the off-voltage becomes a
storage period, and the semiconductor layer SEM becomes a
high resistance state. Therefore, the charged charges (volt-
age) are basically stored. However, the voltage of the trans-
parent pixel electrode PIT might be varied due to the leakage
by the resistance of the semiconductor layer SEM or the
resistance of the liquid crystal layer LC.

[0244] In general, holding characteristics are obtained by
the capacitance formed in the stacked layers of the transparent
common electrode CIT and the transparent pixel electrode
PIT. In the present embodiment, a capacitance is also formed
between the transparent pixel electrode PIT and the transpar-
ent storage capacitance electrode MIT, whereby the whole
capacitance can be increased. Consequently, the holding
characteristics can be satisfactorily maintained, so that a lig-
uid crystal display device with excellent image quality can be
provided.

[0245] FIG. 4 is a sectional view taken along line 4-4' in
FIG. 2A. FIG. 4 is a sectional view of three pixels with the
data line DL being defined as a border. The pixel at the center
corresponds to the green color filter CF(G) in the color filter
CF disposed in a vertical stripe shape. The pixels at the left
and at the right of the pixel at the center correspond to the red
color filter CF(R) and the blue color filter CF(B), respectively.
The black matrix BM is disposed on the inner surface of the
first transparent substrate SUB1 on the border of the pixel
regions, where the data line DL is located, across the liquid
crystal layer L.C.
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[0246] The data line DL and the black matrix BM have an
effect of preventing the mixed color in which light of a back-
light passing through the adjacent pixel region is seen when
the pixel regions separated for each color filter CF is
obliquely seen. Although the light from the backlight is not
illustrated, the light is emitted to the second transparent sub-
strate SUB2 from the outside of the polarizing plate POL2
attached on the outside of the second transparent substrate
SUB2. When the width ofthe data line DL or the black matrix
BM is increased, the aperture ratio or transmittance is
reduced. This leads to the problem of a dark image or an
increase in power consumption. This problem is the biggestin
the high-definition liquid crystal display device. Therefore, a
liquid crystal display device that does not cause a display
failure even if the width of the black matrix BM or the data
line is decreased has been demanded. In the present embodi-
ment, the semiconductor layer SEM is formed below the data
line DL due to the manufacturing process. When amorphous
silicon or LTPS is used for the semiconductor layer SEM, the
semiconductor layer SEM substantially becomes non-trans-
parent. Therefore, when the width of the semiconductor layer
SEM is too large, the aperture ratio is reduced, in similar to the
data lines DL.

[0247] InFIG.4,the crosssectional structure is divided into
two regions in an in-plane direction, the two regions being a
pixel border region where the black matrix BM or the data line
DL that does not transmit light is located, and an opening
region that transmits light. The structure and operation of the
opening region will firstly be described.

[0248] Inthe opening region, the video-data voltage and the
common voltage are respectively applied to the transparent
pixel electrode PIT and the transparent common electrode
CIT, and an electric field generated between these electrodes
is applied to the liquid crystal layer LC. The intensity of the
elliptically polarized light in the liquid crystal layer LC is
changed due to the intensity of the electric field, whereby
transmittance is controlled to realize a tone image. It is set
such that the transmittance becomes the maximum when the
maximum potential difference is applied. The liquid crystal
display device LCD according to the present embodiment is a
liquid crystal display device LCD of an IPS system. There-
fore, when the potential difference between the transparent
pixel electrode PIT and the transparent common electrode
CIT is decreased, the transmittance is reduced to provide a
black image. When the potential difference becomes large,
the transmittance is increased to provide a white image. The
maximum transmittance when the maximum potential differ-
ence is applied may merely be referred to as transmittance.

[0249] The liquid crystal layer LC includes liquid crystal
molecules LCM made of an organic material. The long axes
of the liquid crystal molecules LCM are aligned on the sur-
face of the orientation film AL1 disposed on the inner surface
of the first transparent substrate SUB1 and the surface of the
orientation film AL2 disposed on the inner surface of the
second transparent substrate SUB2 by an orientation process.
The transparent common electrode CIT has a plurality of
band-shaped portions, and a slit is formed between the band-
shaped portions. The transparent pixel electrode PIT is
present below the slit with the upper insulating film UPAS
interposed therebetween. Therefore, when the voltage
between the transparent pixel electrode PIT and the transpar-
ent common electrode CIT increases, the electric field having
electric line of force folded in the liquid crystal layer LC is
formed. The maximum electric field region is formed in the
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vicinity of the border of the band-shaped portion and the slit
of the transparent common electrode CIT. Therefore, the rota-
tion of the liquid crystal molecules LCM increases around
this region, so that transmittance is increased. When the width
of the band-shaped portion or the width of the slit of the
transparent common electrode CIT increases, the electric
field around the center of the band-shaped portion or the slitis
decreased, so that the transmittance is reduced. Therefore, the
width of the band-shaped portion and the width of the slit of
the transparent common electrode CIT have to be finely set in
consideration of the thickness of the liquid crystal layer LC.
Accordingly, the pixel region has a transmittance distribution
in the transverse direction in the sectional view in FIG. 4.
[0250] In order to realize a liquid crystal display device
having high transmittance and low power consumption, the
width of the black matrix BM or the width of the data line DL
has to be decreased, the black matrix BM and the data line DL
being located on the border of the pixel regions to form a
light-shielding region. With this, the aperture ratio can be
increased. [n addition, the width of the transparent pixel elec-
trode PIT has to be increased to the light shielding region.
Specifically, the space between the adjacent transparent pixel
electrodes PIT is decreased, and a boundary of each transpar-
ent pixel electrode PIT is overlapped with the data line DL in
a plan view.

[0251] The transparent storage capacitance electrode MIT
1s disposed to widely cover the data lines DL from above in
the portion below the space between the adjacent transparent
pixel electrodes PIT, the space being located above the data
lines DL. Accordingly, the electric field noise generated from
the data lines DL is shielded by the transparent storage
capacitance electrode MIT, whereby the electric field noise to
the liquid crystal layer LC is shielded. The transparent com-
mon electrode CIT is not disposed between the black matrix
BM and the data line DL. In general, the common electrode is
disposed to widely cover the space between the adjacent
transparent pixel electrodes in the liquid crystal display
device in which the transparent storage capacitance electrode
MIT is not disposed, and the common electrode is disposed
only on the uppermost layer. In this case, the width of the
common electrode is large, so that the electric field for driving
is weakened. Therefore, even if a transparent electrode mate-
rial is used, transmittance is reduced. Alternatively, as the
width of the black matrix BM increases, the aperture ratio is
reduced. In the present embodiment, even if the transparent
common electrode CIT is not present above the space
between the adjacent transparent pixel electrodes PIT, the
data lines DL are shielded by the transparent storage capaci-
tance electrode MIT, whereby the aperture ratio can be
increased.

[0252] Intheliquid crystal display device of an IPS system,
when a pressure is externally applied to the display surface by
fingers with a voltage being applied between the pixel elec-
trode and the common electrode, the area where the liquid
crystal molecules rotate in a direction opposite to the normal
direction is generated. As a result, the area where the liquid
crystal molecules are in a metastable state may spread in a
pixel, and this area may be left as display unevenness. This
phenomenon is called pushed domain (or reverse twisted
domain).

[0253] In order to prevent the occurrence of the pushed
domain and assure quantity of transmitted light, a rectangular
slit with a sharp corner illustrated in FIG. 17A is ideally
formed. In this case, a transverse electric field orthogonal to
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the longitudinal edge of the slit is generated on this edge,
while a transverse electric field orthogonal to the widthwise
edge of the slit is generated on this edge. Therefore, the
direction of the transverse electric field is clearly divided into
two, whereby the liquid crystal molecules are easy to be
uniformly rotated in the vicinity of the end of the slit.
[0254] However, the slit is actually formed to have a
rounded corner as illustrated in FIG. 17B by a photolithog-
raphy technique, and the direction of the transverse electric
field is diverse in the vicinity of the end of the slit. Therefore,
the area where the liquid crystal molecules are rotated in the
direction opposite to the normal direction is likely to be
generated.

[0255] FIGS. 5A to 5C are plan views each illustrating one
pixel region for showing a mechanism to prevent the occur-
rence of the pushed domain, and to realize a liquid crystal
display device having high transmittance and low power con-
sumption in the present embodiment. FIG. 5A illustrates only
the patterns of the transparent storage capacitance electrode
MIT, the transparent pixel electrode PIT, and the transparent
common electrode CIT, which are made of a transparent
conductive film material and extracted from the planar pattern
of the pixel region. FIG. 5B is an enlarged view illustrating an
area b in a dotted circle in FIG. 5A. This area is near the data
line DL, and shielded by the black matrix BM in FIG. 2A.
FIG. 5C is an enlarged view illustrating an area ¢ in a dotted
circle in FIG. 5A. The area c is near the gate line GL in FIG.
2A, and the plurality of band-shaped portions C1 and the slits
CS of the transparent common electrode CIT and the outer
boundary P2 of the transparent pixel electrode PIT cross each
other in the area c.

[0256] FIGS. 5B and 5C also illustrate polarizing axes of
the polarizing plates POL1 and POL2 attached respectively
on the upper side of the first transparent substrate SUB1 and
the lower side ofthe second transparent substrate SUB2 in the
sectional view in FIG. 4, and orientation axes of the liquid
crystal molecules LCM. The effect of the present embodi-
ment will be described, together with the rotating operation of
the liquid crystal molecule LCM by a driving electric field
applied between the transparent pixel electrode PIT and the
transparent common electrode CIT or the transparent storage
capacitance electrode MIT. In the description below, a posi-
tive type in which the long axes of the liquid crystal molecules
LCM are aligned in the direction of the electric field will be
illustrated. However, the similar effect can be obtained in a
negative type in which the liquid crystal molecules LCM are
aligned in the direction perpendicular to the direction of the
electric field.

[0257] IntheareainFIG. 5B, the two band-shaped portions
C1 of the transparent common electrode CIT extend in the
direction identical to the direction of the data lines DL. The
two closely adjacent outer boundaries P1 of the adjacent
transparent pixel electrodes PIT extend in the direction iden-
tical to the direction of the datalines DL at the inside of the slit
CS formed between these band-shaped portions C1. A space
PS between the two closely adjacent outer boundaries P1
overlaps the transparent storage capacitance electrode MIT in
a plan view.

[0258] The polarizing axes of the polarizing plates POL1
and POL2 of the first transparent substrate SUB1 and the
second transparent substrate SUB2 are mutually orthogonal.
The orientation axes of the orientation films AL1 and AL2 in
FIG. 4 for aligning the long axes of the liquid crystal mol-
ecules LCM are parallel to each other, and this direction is
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identical to the direction of one of the polarizing axes. The
orientation axis tilts by a tilt angle o from a longitudinally
extending edge CE of the slit CS and the outer boundary P1 of
the transparent pixel electrode PIT. Thus, the liquid crystal
molecules LCM can rotate in the direction of the electric field.
The electric field is applied between the transparent pixel
electrode PIT and the transparent common electrode CIT or
the transparent storage capacitance electrode MIT. Therefore,
the direction of the electric field is orthogonal to the longitu-
dinally extending edge CE of the slit CS and the outer bound-
ary P1 of the transparent pixel electrode PIT as illustrated in
FIG. 5B.

[0259] FIG. 5B illustrates the liquid crystal molecule LCM
present around the outer boundary P1 ofthe transparent pixel
electrode PIT. In a state in which an electric field is not
present, i.e., in an off state, the long axis of the liquid crystal
molecule LCM is orientated in the direction of the orientation
axis. When an electric field is applied and present, i.e., in an
on state, the liquid crystal molecule LCM rotates in the direc-
tion of the electric field, whereby light from the backlight
transmits. The direction of the electric field is uniform in this
region, so that all liquid crystal molecules LCM rotate in the
same direction. Specifically, the rotating action of the liquid
crystal molecules LCM in this region is identical to that at the
inside of the opening of the black matrix BM, resulting in that
the pushed domain does not occur. Accordingly, the transmit-
tance is not reduced in the vicinity of this region.

[0260] In the area illustrated in FIG. 5C, the band-shaped
portion C1 of the transparent common electrode CIT and the
slit CS are orthogonal to the outer boundary P2 of the trans-
parent pixel electrode PIT. Specifically, a pair of edges CE of
the slit CS is orthogonal to the outer boundary P2 of the
transparent pixel electrode PIT in a plan view, the pair of
edges extending along the datalines DL, and the outer bound-
ary P2 extending along the gate lines GL. The transparent
storage capacitance electrode MIT spreads in the in-plane
direction over a plurality of pixel regions, so that the edge of
the pattern is not present in the pixel region. The transparent
storage capacitance electrode MIT is present in the region that
is inside the slit CS sandwiched between the two band-shaped
portions C1 of the transparent common electrode CIT and
where the transparent pixel electrode PIT is not present (the
region outside the outer boundary P2 of the transparent pixel
electrode PIT) in a plan view. Therefore, the direction of the
electric field becomes the direction orthogonal to the outer
boundary P2 of the transparent pixel electrode PIT. Specifi-
cally, the transparent storage capacitance electrode MIT is
formed to spread in the in-plane direction so as to be over-
lapped with a portion CEp of the pair of edges CE of the slit
CS and a portion P2p of the outer boundary P2 of the trans-
parent pixel electrode PIT in a plan view, the portion CEp
being located at the outside of the outer boundary P2 of the
transparent pixel electrode PIT, and the portion P2p being
located between the pair of edges CE of the slit CS.

[0261] The transparent common electrode CIT also has a
plurality of connection portions C2 that connect the plurality
of band-shaped portions C1 in the widthwise direction of the
slit CS. The edge of the connection portion C2 (i.e., the edge,
extending in the widthwise direction, of the slit CS) is located
at the outside of the outer boundary P2 of the transparent pixel
electrode PIT in a plan view (see FIG. 5A).

[0262] A pairof edges CE of some slits CS is also orthogo-
nal to the edge of the opening MA formed on the transparent
storage capacitance electrode MIT, as well as the outer
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boundary P2 of the transparent pixel electrode PIT, in a plan
view. Thus, a rectangular closed region is formed by the pair
of edges CE of the slit CS, the outer boundary P2 of the
transparent pixel electrode PIT, and the edge of the opening
MA in a plan view. The transparent storage capacitance elec-
trode MIT overlaps the entire closed region in a plan view.

[0263] The long axes of the liquid crystal molecules LCM
around the outer boundary P2 of the transparent pixel elec-
trode PIT are aligned in the direction along the orientation
axis in the off state. When the thin-film transistor becomes the
on state, the liquid crystal molecules LCM are fixed in the
direction of the electric field, and stop their rotation, since the
direction of the electric field only has the small tilt angle o
(generally, 10 degrees or less) with respect to the polarizing
axis.

[0264] Specifically, the electric field orthogonal to the outer
boundary P2 of the transparent pixel electrode PIT is gener-
ated between the transparent pixel electrode PIT and the
transparent storage capacitance electrode MIT in the vicinity
of the outer boundary P2 of the transparent pixel electrode
PIT, whereby the rotation of the liquid crystal molecules
LCM are forcibly fixed due to the electric field. Therefore, the
pushed domain does not occur, the pushed domain being a
situation in which the rotation of the liquid crystal molecules
is complicated and the liquid crystal molecules LCM are
difficult to bereturned to the initial state even after the electric
field is canceled. If the pushed domain is generated at the
outside of the outer boundary P2 of the transparent pixel
electrode PIT, the spread of the pushed domain toward the
inside of the outer boundary P2 of the transparent pixel elec-
trode PIT can be prevented due to the fixed rotation of the
liquid crystal molecules LCM around the outer boundary P2.
Consequently, a liquid crystal display device having high
transmittance and low power consumption can be provided.
[0265] FIGS. 6A to 12B each illustrate a manufacturing
process of a stacked body including the thin-film transistor
TFT formed on the second transparent substrate SUB2
according to the present embodiment. FIGS. 6A, 7A, 8A, 9A,
10A, 11A and 12A are plan views each illustrating one pixel
region, and FIGS. 6B, 7B, 8B, 9B, 10B, 11B and 12B are
sectional views each taken along line b-b' in the correspond-
ing plan view. FIGS. 6A to 12B each illustrate each photo-
graphic processing process (photo-process).

[0266] FIG. 6A is a plan view of one pixel region when a
first photo-process is completed, and FIG. 6B is a sectional
view taken along line b-b' in FIG. 6A. The gate lines GL are
patterned by the first photo-process after being formed on the
second transparent substrate SUB2 by sputtering.

[0267] FIG. 7A is a plan view of one pixel region when a
second photo-process is completed, and FIG. 7B is a sectional
view taken along line b-b' in FIG. 7A. The gate insulating film
GSN made of silicon nitride and the semiconductor layer
SEM made of amorphous silicon are stacked on the gate line
GL by CVD. A stacked film of molybdenum Mo and copper
Cu is also formed on the semiconductor layer SEM by sput-
tering. The material of the stacked file may be used in iden-
tical to the material for the gate lines GL.

[0268] The thicknesses of the gate insulating film GSN, the
semiconductor layer SEM, and the data line DL/source elec-
trode SM are respectively about 400 nm, 200 nm, and 300 nm.
After the stacked film is formed by CVD and sputtering, a
photoresist is formed on the stacked film. This photoresist is
exposed by use of a halftone photomask, whereby the region
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of the data line DL and the source electrode SM and the region
of the semiconductor layer SEM are formed.

[0269] FIG. 8A is a plan view of one pixel region when a
third photo process is completed, and FIG. 8B is a sectional
view taken along line b-b' in FIG. 8A. The protection insu-
lating film PAS is formed on the data line DL and the source
electrode SM by CVD, and the interlayer insulating film ORG
made of photosensitive acryl is applied on the protection
insulating film PAS. The protection insulating film PAS is
made of silicon nitride, and has a thickness of 100 nm to 400
nm. The material of the photosensitive acryl can be used as a
resist in the photo-process. Therefore, an opening OCONT is
formed on the source electrode SM by a developing process
using the photomask.

[0270] FIG. 9A is a plan view of one pixel region when a
fourth photo-process is completed, and FIG. 9B is a sectional
view taken along line b-b' in FIG. 9A. After a film of indium
tin oxide that is the material for the transparent conductive
film is formed, the photo etching process is performed,
whereby the transparent storage capacitance electrode MIT is
formed.

[0271] FIG. 10A is a plan view of one pixel region when a
fifth photo-process is completed, and FIG. 10B is a sectional
view taken along line b-b' in FIG. 10A. The insulating film
SNG is formed on the transparent storage capacitance elec-
trode MIT by CVD. The insulating film SNG is made of
silicon nitride, and has a thickness of 200 nm to 600 nm. The
photo etching process is performed, whereby a contact hole
PCONT that penetrates the interlayer insulating film SNG
and the protection insulating film PAS is formed at the inside
ofthe opening OCONT ofthe interlayer insulating film ORG.
[0272] FIG. 11A is a plan view of one pixel region when a
sixth photo-process is completed, and FIG. 11B is a sectional
view taken along line b-b'in FIG. 11 A. After a film of indium
tin oxide that is the material for the transparent conductive
film is formed on the insulating film SNG, the transparent
pixel electrode PIT is processed by the photo etching process.
This transparent pixel electrode PIT is processed in each pixel
region to be connected to the source electrode SM.

[0273] FIG. 12A is a plan view of one pixel region when
seventh and eighth photo-processes are completed, and FIG.
12B is a sectional view taken along line b-b'in FIG. 12A. The
upper insulating film UPAS is formed on the transparent pixel
electrode PIT. An opening for extracting a terminal is formed
on the upper insulating film UPAS at the end portion of the
screen region DIA (not illustrated). This is the seventh photo-
process. Thereafter, a film of indium tin oxide that is the
material for the transparent conductive film is formed, and the
transparent common electrode CIT is formed by the photo-
etching process.

[0274] As described above, the processing of the second
transparent substrate SUB2 in the liquid crystal display
device according to the present embodiment is completed
through eight photo-etching processes in total.

Second Embodiment

[0275] Referring to FIGS. 13~16, aliquid crystal panel of a
second embodiment will be described.

[0276] FIGS. 13A and 13B are detailed plan views each
illustrating one pixel region according to the second embodi-
ment, and FIG. 14 is a sectional view taken along line 14-14'
in FIG. 13A.

[0277] FIG. 13Ais aplan view illustrating a thin-film tran-
sistor TFT, one pixel region enclosed by gate lines GL. and
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data lines DL, and a part of the neighboring pixel region
adjacent to this pixel region. To facilitate understanding of the
structure, FIG. 13A illustrates patterns of almost all layers,
while FIG. 13B illustrates only a pattern of each transparent
electrode and a projected position (broken line) of an opening
of a black matrix BM. An inner side of the opening of the
black matrix BM is a light transmittance region, and an outer
side of the opening is a light shielding region.

[0278] In the present embodiment, the planar pattern dif-
ferent from that in the first embodiment is a transparent com-
mon electrode CIT. The planar patterns of the other structures
are basically identical to those in the first embodiment. There-
fore, the improvement of the planar pattern of the transparent
common electrode CIT will mainly be described below.
[0279] The present embodiment is mainly characterized by
planar patterns of the transparent common electrode CIT, a
transparent storage capacitance electrode MIT, and a trans-
parent pixel electrode PIT in one pixel region, as described
above in the first embodiment. Therefore, the relationship of
these patterns will be described with reference to FIG. 13B.
[0280] The transparent common electrode CIT has a plu-
rality of band-shaped portions C1 extending parallel to the
gate lines GL, and a plurality of slits CS are formed between
the band-shaped portions C1. In the present embodiment, the
longitudinal direction of the slit CS means the extending
direction of the gate lines GL, and the widthwise direction of
the slit CS means the extending direction of the data lines DL.
In the present embodiment, the plurality of band-shaped por-
tions C1 are not connected in the widthwise direction of the
slit CS above each data line DL.

[0281] As illustrated in FIG. 13A, the plurality of band-
shaped portions C1 of the transparent common electrode CIT
extend parallel to the gate lines GL so as to perpendicularly
cross two closely-adjacent outer boundaries P1 of the adja-
cent transparent pixel electrodes PIT above the region of the
data line DL, the region being sandwiched between two gate
lines GL. Therefore, the plurality of band-shaped portions C1
separated by the slits CS of the transparent common electrode
CIT are arrayed above the space PS between the adjacent
transparent pixel electrodes PIT.

[0282] As illustrated in FIG. 13 A, the transparent storage
capacitance electrode MIT is disposed almost all portions
above the gate line GL. The plurality of band-shaped portions
C1 of the transparent common electrode CIT extend parallel
to the gate lines GL over the plurality of pixel regions,
wherein the width of the band-shaped portion C1 is wider in
the vicinity of the center of the gate line GL.

[0283] FIG. 14 is asectional view taken along line 14-14'in
FIG. 13. The components, their functions, and used materials
in the cross-sectional structure will be described. FIG. 14isa
sectional view of three pixel regions with the gate line GL
being defined as a border. Since a color filter CF is disposed in
a vertical stripe shape, the color filter CF of the same color is
illustrated in FIG. 14. The black matrix BM is disposed at the
inner surface of a first transparent substrate SUB1 across a
liquid crystal layer LC at the border between the pixel
regions, wherein the gate lines GL are located on this border.
[0284] Although light from abacklight is not illustrated, the
light is emitted to a second transparent substrate SUB2 from
the outside of a polarizing plate POL?2 attached on the outside
of the second transparent substrate SUB2. When the width of
the black matrix BM is increased, an aperture ratio or trans-
mittance is reduced. This leads to the problem ofa dark image
or an increase in power consumption. This problem is the

Mar. 3, 2016

biggest in a high-definition liquid crystal display device.
Therefore, a liquid crystal display device that does not cause
a display failure has been demanded even if the width of the
black matrix BM is decreased.

[0285] In FIG. 14, the cross-sectional structure is divided
into two regions that are a pixel border region where the black
matrix BM or the gate line GL that does not transmit light is
located, and an opening region that transmits light.

[0286] A semiconductor layer SEM of the thin-film tran-
sistor TFT, a source electrode SM of the thin-film transistor
TFT, and a contact hole CONT formed on an interlayer insu-
lating film ORG, a protection insulating film PAS, and an
insulating film SNG are located in the region shielded by the
black matrix BM, and the transparent pixel electrode PIT is
formed on the source electrode SM via the contact hole
CONT.

[0287] In the opening region, a video-data voltage and a
common voltage are respectively applied between the trans-
parent pixel electrode PIT and the transparent common elec-
trode CIT, and an electric field generated between these elec-
trodes is applied to the liquid crystal layer LC. The intensity
of the elliptically polarized light in the liquid crystal layer L.C
is changed due to the intensity of the electric field, whereby
transmittance is controlled to realize a tone display.

[0288] In order to realize a liquid crystal display device
having high transmittance and low power consumption, the
width of the black matrix BM has to be decreased, the black
matrix BM being located on the border of the pixel regions to
form a light-shielding region. With this, the aperture ratio can
be increased. In addition, the width of the transparent pixel
electrode PIT has to be increased to the light-shielding region.
[0289] FIGS. 15A to 15C are plan views each illustrating
one pixel region for showing a mechanism to prevent an
occurrence of a pushed domain, and to realize a liquid crystal
display device having high transmittance and low power con-
sumption in the present embodiment. FIG. 15A illustrates
only the patterns of the transparent storage capacitance elec-
trode MIT; the transparent pixel electrode PIT, and the trans-
parent common electrode CIT, which are made of a transpar-
ent conductive film material and extracted from the planar
pattern of the pixel region. FIG. 15B is an enlarged view
illustrating an area b in a dotted circle in FIG. 15A, and FIG.
15C is an enlarged view illustrating an area ¢ in a dotted circle
in FIG. 15A.

[0290] In the first embodiment, the band-shaped portions
C1 and the slits CS of the transparent common electrode CIT
extend parallel to the data lines DL. On the other hand, in the
present embodiment, the band-shaped portions C1 and the
slits CS of the transparent common electrode CIT are rotated
at an angle of 90 degrees and extend parallel to the gate lines
GL. This is the difference between the above first embodi-
ment and the present embodiment. Therefore, orientation
axes of liquid crystal molecules LCM in the present embodi-
ment are also different from the first embodiment by 90
degrees.

[0291] Accordingly, in the area in FIG. 15B, the band-
shaped portions C1 and the slits CS of the transparent com-
mon electrode CIT are orthogonal to the outer boundary P1 of
the transparent pixel electrode PIT. Specifically, in a plan
view, the pair of edges CE of the slit CS is orthogonal to the
two closely adjacent outer boundaries P1 of two transparent
pixel electrodes PIT that are adjacent to each other in the
longitudinal direction of the slit CS. The transparent storage
capacitance electrode MIT spreads in the in-plane direction
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over a plurality of pixel regions, so that the edge of the pattern
is not present in the pixel region. The transparent storage
capacitance electrode MIT is present in the region that is
inside the slit CS of the transparent common electrode CIT
and where the transparent pixel electrode PIT is not present
(the space PS between two outer boundaries P1) in a plan
view. Therefore, the direction of the electric field becomes the
direction orthogonal to the outer boundary P1 of the transpar-
ent pixel electrode PIT. Specifically, the transparent storage
capacitance electrode MIT is formed to spread in the in-plane
direction so as to be overlapped with a portion CEp of the pair
of edges CE of the slit CS and a portion Plp of the outer
boundary P1 of the transparent pixel electrode PIT in a plan
view, the portion CEp being located at the outside of the outer
boundary P1 of the transparent pixel electrode PIT, and the
portion P1p being located between the pair of edges CE ofthe
slit CS. In addition, the transparent storage capacitance elec-
trode MIT overlaps an entire rectangular closed region, which
is enclosed by the pair of edges CE of the slit CS and two
closely adjacent outer boundaries P1, in a plan view.

[0292] In an on state, the long axis of the liquid crystal
molecule LCM is fixed in the direction perpendicular to the
outer boundary P1 of the transparent pixel electrode PIT. The
transparent common electrode CIT and the transparent pixel
electrode PIT are disposed in different layers with the insu-
lating film interposed therebetween. Therefore, the crossing
portion of the edge CE of the band-shaped portion C1 of the
transparent common electrode CIT and the outer boundary P1
of the transparent pixel electrode PIT is not rounded, so that
the generation and spread of the pushed domain are inhibited.
Accordingly, the transmittance is not reduced.

[0293] In the area in FIG. 15C, the rotating action of the
liquid crystal molecules LCM becomes identical to that at the
inside of the opening of the black matrix BM, in similar to the
area in FIG. 5B in the first embodiment. Specifically, the
rotating directions of the liquid crystal molecules LCM in the
on state are aligned, whereby the pushed domain does not
occur, the pushed domain being a situation in which the image
disturbance is displayed for a long time in the off state due to
the coexistence of two or more rotating directions. Thus, a
liquid crystal display device having high transmittance and
low power consumption can be provided.

[0294] Most part of the pixel structure according to the
present embodiment includes the planar pattern illustrated in
FIG. 13. In the pixel structure in FIG. 13, the plurality of
band-shaped portions C1 of the transparent common elec-
trode CIT extend parallel to the direction in which the gate
lines GL extend, but the band-shaped portions C1 are not
connected to each other in the extending direction of the data
lines DL. Therefore, when disconnection occurs on any one
of the band-shaped portions C1, the common potential is not
supplied to the disconnected portion. Accordingly, a problem
of deterioration in an image quality due to a wiring delay
might arise. However, when the transparent common elec-
trodes CIT are connected on the data lines DL in all pixel
regions in similar to the conventional case, the transparent
common electrodes CIT form a closed space on the transpar-
ent pixel electrode PIT, and a corner portion on an edge of the
closed space is rounded due to an etching process. Therefore,
a region where a plurality of rotating directions of the liquid
crystal molecules are generated is formed, which results in
that the pushed domain occurs, and hence, the transmittance
is reduced.
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[0295] FIGS. 16A and 16B are plan views in which the
transparent common electrodes CIT extending in the horizon-
tal direction are connected to each other in only one portion
for a plurality of pixel regions, not for all pixel regions, in
order to solve the problem described above.

[0296] The plurality of band-shaped portions C1, which
extend in the extending direction of the gate lines GL, of the
transparent common electrode CIT are connected in the
extending direction of the data lines DL above the data lines
DL. The band-shaped portions C1 are connected on only one
portion for a plurality of pixel regions, not for all pixel
regions. As in the first embodiment, the band-shaped portions
C1 and the slits CS of the transparent common electrode CIT
are orthogonal to the outer boundary P1 of the transparent
pixel electrode PIT on the portion where the band-shaped
portions C1 are connected to each other. This structure pro-
vides an effect of fixing the rotation of the liquid crystal
molecules LCM to the direction of the electric field. Thus, the
occurrence of the pushed domain is prevented, whereby the
reduction in the transmittance is small. Accordingly. a liquid
crystal display device having less wiring delay and satisfac-
tory image quality can be provided.

Third Embodiment

[0297] Referring to FIGS. 18~31, aliquid crystal panel ofa
third embodiment will be described.

[0298] FIG. 18 is a plan view illustrating a plurality of
pixels, FIG. 19 is a detailed plan view illustrating one pixel,
FIG. 20 is a sectional view taken along line 20-20'in FIG. 19,
FIG. 21 is a sectional view taken along line 21-21'in FIG. 19,
and FIG. 22 is a sectional view taken along line 22-22'in FIG.
19.

[0299] FIG. 18 is a plan view in which four pixels in the
horizontal direction and three pixels in the longitudinal direc-
tion, i.e., twelve pixels in total, in a screen region DIA are
extracted. Gate lines GL are lines for supplying a scanning-
voltage to a thin-film transistor TFT, and data lines DL are
lines for supplying a video-data voltage to the thin-film tran-
sistor TFT. A common electrode metal line MSL supplies a
common voltage to a first transparent common electrode
CT1. Inthe present embodiment, pixels are disposed such that
each pixel tilts to the right, to the left, and to the right with
respect to the normal line for each row. Since the polarizing
axis of the liquid crystal display device is vertical and hori-
zontal, liquid crystal molecules rotate to the left, to the right,
and to the left for each row according to the tilt of each pixel.
Therefore, the rotation of the liquid crystal is offset for each
row, whereby a liquid crystal display device of an IPS system
having less color change can be realized.

[0300] A black matrix BM is illustrated in one of the plu-
rality of pixels in FIG. 18. The data lines DL and the gate lines
GL or the thin-film transistor TFT are covered with the black
matrix BM having a light shielding effect, from above, and an
opening is formed on its central part. When an aperture ratio
that is the size of the opening for one pixel is increased, a
bright liquid crystal display device having low power con-
sumption can be realized.

[0301] FIG. 19 is a plan view illustrating the thin-film tran-
sistor TFT, aregion of one pixel enclosed by the gate lines GL
and the data lines DL, and a region of the neighboring pixel
adjacent to this pixel region, all of which are illustrated in
FIG. 18. FIG. 19 illustrates the planar arrangement and func-
tions of the components. Each of the gate lines GL. is made of
a low-resistance metal layer. The gate lines GL are connected
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to the gate line drive circuit in FIG. 1, and the scanning-
voltage is applied to the gate lines GL from the gate line drive
circuit. On the other hand, each of the data lines DL is also
made of a low-resistance metal layer, and a video-signal
voltage is applied to the data lines DL. When a scanning-
voltage that turns on a gate is applied to the gate lines GL, a
semiconductor layer SEM of the thin-film transistor becomes
alow resistance state, whereby the video-signal voltage of the
data lines DL is applied to a source electrode SM made of a
low-resistance metal layer, and also applied to a transparent
pixel electrode PIT (ITO2) connected to the source electrode
SM. Since the transparent electrode material used for the
transparent pixel electrode PIT is used not only for the trans-
parent pixel electrode PIT but also for a terminal portion used
for the connection to an external device of a liquid crystal
display panel, this transparent electrode material is referred to
as ITO2.

[0302] A common voltage, which is another voltage
applied to a liquid crystal layer LC, is applied to a first
transparent common electrode CT1 (ITO1) from the com-
mon-electrode drive circuit in FIG. 1 via the common elec-
trode metal line MSL.. The first transparent common electrode
CT1 (ITO1) is made of a first transparent electrode material
ITO1. The transparent pixel electrode PIT (ITO2) and the first
transparent common electrode CT1 (ITO1) are stacked with
an insulating film interposed therebetween. In addition, the
first transparent common electrode CT1 (ITO1) is formed
with aslit in one pixel region. This slit is formed such that an
electric field from the transparent pixel electrode PIT reaches
the first transparent common electrode CT1 (ITO1) from the
upper surface via the liquid crystal layer LC. This electric
field drives the liquid crystal layer LC, whereby a display is
realized. The first transparent common electrode CT1 is
bored and opened on the top surface of the semiconductor
layer SEM. This is for the reason described below. Specifi-
cally, when the first transparent common electrode CT1 is
superimposed on the semiconductor layer SEM, the scan-
ning-voltage applied to the gate lines affects the common
voltage applied to the first transparent common electrode
CT1, which results in that a proper potential difference with
the pixel electrode cannot be formed. This adversely affects
the display.

[0303] On the other hand, a second transparent common
electrode CT2 (ITO3) is connected to the common electrode
drive circuit illustrated in FIG. 1, and the common voltage is
applied to the second transparent common electrode CT2
from the common electrode drive circuit. The second trans-
parent common electrode CT2 (ITO3) s stacked on the trans-
parent pixel electrode PIT (ITO2) with the insulating film
interposed therebetween to form a storage capacitance STG.
As described above, in the present embodiment, the first
transparent common electrode CT1 (ITO1) having the slit,
the transparent pixel electrode PIT (ITO2), and the second
transparent common electrode CT2 (ITO3) are formed in the
pixel region. The above three transparent electrode material
layers 1TO1, 1TO2, and ITO3 are formed by different pro-
cesses during the manufacturing process.

[0304] The first transparent common electrode CT1 (ITO1)
corresponds to a second electrode in the liquid crystal display
device according to the present application, and the second
transparent common electrode CT2 (ITO3) corresponds to a
first common electrode in the liquid crystal display device
according to the present application.
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[0305] FIG. 20 is a sectional view taken along line 20-20' in
FIG. 19. In the present embodiment, a third transparent elec-
trode material ITO3 and the gate line GL are processed after
they are successively formed on the second transparent sub-
strate SUB2. Therefore, the third transparent electrode mate-
rial ITO3 is formed below the gate line GL to have a shape of
the gate line GL. The third transparent electrode material
ITO3 in the region where the gate line GL is removed forms
the second transparent common electrode CT2.

[0306] The second transparent common electrode CT2
forms a storage capacitance STG in a pixel together with the
transparent pixel electrode PIT (ITO2) that is formed with the
gate insulating film GSN interposed between the second
transparent common electrode CT2 and the transparent pixel
electrode PIT. The storage capacitance STG can prevent
attenuation of the video-signal voltage, which is applied with
the thin-film transistor TFT being on, during the period of the
storage operation.

[0307] The gate insulating film GSN is formed on the gate
lines GL.. The gate insulating film GSN corresponds to a first
insulating film in the liquid crystal display device according
to the present application. The semiconductor layer SEM is
processed and disposed in an island shape on the gate line GL.
[0308] The data line DL and the source electrode SM are
formed to apply the video-signal voltage to the semiconduc-
tor layer SEM. The transparent pixel electrode PIT (ITO2) is
connected on the source electrode SM. A protection insulat-
ing film PAS is formed on the data line DL and the source
electrode SM.

[0309] The firsttransparent common electrode CT1 (ITO1)
is formed on the transparent pixel electrode PIT with the
protection insulating film PAS interposed therebetween. In
general, holding characteristics are maintained by the capaci-
tance formed by the stacked structure of the first transparent
common electrode CT1 and the transparent pixel electrode
PIT. However, in the present embodiment, the storage capaci-
tance can be increased between the transparent pixel elec-
trode PIT and the second transparent common electrode CT2,
whereby more satisfactory holding characteristics can be
maintained. Thus, a liquid crystal display device with excel-
lent image quality can be provided.

[0310] FIG.211is a sectional view taken along line 21-21'in
FIG. 19.FIG. 21 illustrates a cross-section of the adjacent two
pixel regions over the gate lines GL. FIG. 21 particularly
illustrates the cross-section crossing a columnar spacer that is
provided to maintain the thickness of the liquid crystal layer
LC sealed between the first transparent substrate SUB1 and
the second transparent substrate SUB2.

[0311] The second transparent common electrode CT2
(ITO3) is formed on the adjacent same planes of the gate lines
GL. The second transparent common electrode CT2 is super-
imposed on the transparent pixel electrode PIT with the gate
insulating film GSN interposed therebetween as described
above, and the superimposed region forms the storage capaci-
tance STG that has a function of preventing the reduction in
the applied voltage during the period of the application of the
video-signal voltage. The storage capacitance STG is also
formed on the portion where the first transparent common
electrode CT1 (ITO1) and the transparent pixel electrode PIT
are superimposed with the protection insulating film PAS
interposed therebetween. However, this storage capacitance
cannot be formed to be large, since the first transparent com-
mon electrode CT1 is separated into the slit portion and the
electrode portion as illustrated in the plan view in FIG. 19.
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This tendency becomes the significant problem in a high
definition liquid crystal display device having a small area of
a pixel region. Specifically, the storage capacitance STG is
decreased in proportion to the square of the area of the supet-
imposed portion. On the other hand, in the present embodi-
ment, the second transparent common electrode CT2 that is
superimposed on the entire surface of the transparent pixel
electrode PIT is provided as illustrated in FIG. 21. Therefore,
a large storage capacitance STG can be formed, whereby the
reduction in the voltage applied to the transparent pixel elec-
trode PIT can be prevented, and flickering or image persis-
tence can also be prevented.

[0312] Thecommon electrode metal line MSL is formed on
the second transparent common electrode CT2. Since the
common electrode metal line MSL is formed by the same
process as the gate lines GL, the common electrode metal line
MSL is made of a low-resistance metal line material. This
structure reduces the wiring delay in the voltage applied to the
second transparent common electrode CT2.

[0313] The thickness of the liquid crystal layer LC is accu-
rately maintained with a spacer SPC formed on the first trans-
parent substrate SUB1. The spacer SPC is formed by process-
ing an organic material applied on the first transparent
substrate SUB1. A base DAI is formed on the second trans-
parent substrate SUB2 at the position opposite to the spacer
SPC. The base DAI is a difference in level formed during the
manufacturing process of the data lines DL. A plurality of
spacers SPC are disposed in the liquid crystal display device
as a whole, but the liquid crystal display device includes a
pixel having the base DAI below the spacer SPC and a pixel
having no base DAL The base DAI is deformed when
depressed by shock or fingers, thereby absorbing shock.
[0314] FIG.22is asectional view taken along line 22-22'in
FIG. 19. FIG. 22 is a sectional view of three pixels with the
data line DL being defined as a border. The pixel at the center
corresponds to a green color filter CF(G) in a color filter CF
disposed in a vertical stripe shape. The pixels at the left and at
the right of the pixel at the center correspond to a red color
filter CF(R) and a blue color filter CF(B), respectively. The
black matrix BM is disposed on the inner surface of the first
transparent substrate SUB1 on the border of the pixel regions,
where the data line DL is located, across the liquid crystal
layer LC.

[0315] The data line DL and the black matrix BM have an
effect of preventing a mixed color in which light of a back-
light passing through the adjacent pixel region is seen when
the pixel regions separated for each color filter CF is
obliquely seen. Although the light from the backlight is not
illustrated, the light is emitted to the second transparent sub-
strate SUB2 from the outside of a polarizing plate POL2
attached on the outside of the second transparent substrate
SUB2. When the width of the data line DL or the black matrix
BM is increased, the aperture ratio or transmittance is
reduced. This leads to the problem of a dark image. When an
output of the backlight is increased for solving this problem,
power consumption might be increased. This problem is the
biggest in a high definition liquid crystal display device.
Therefore, a liquid crystal display device has been demanded
that does not cause a display failure even if the width of the
black matrix BM or the data line is decreased. In the present
embodiment, the semiconductor layer SEM is formed below
the data line DL. When amorphous silicon or LTPS is used for
the semiconductor layer SEM, the semiconductor layer SEM
substantially becomes non-transparent. Therefore, when the
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width of the semiconductor layer SEM is too large, the aper-
ture ratio is reduced, in similar to the data line DL.

[0316] In FIG. 22, the cross-sectional structure is divided
into two regions that are a pixel shielding region where the
black matrix BM or the data line DL that does not transmit
light is located, and an opening region that transmits light.
The structure and operation of the opening region will firstly
be described.

[0317] Inthe opening region, the video-data voltage and the
common voltage are respectively applied to the transparent
pixel electrode PIT (ITO2) and the first transparent common
electrode CIT, and an electric field generated between these
electrodes is applied to the liquid crystal layer L.C. The inten-
sity of the elliptically polarized light in the liquid crystal layer
LC is changed due to the intensity of the electric field,
whereby transmittance is controlled to realize a tone image.
In the first transparent common electrode CT1 having a plu-
rality of slits, the width of the electrode is L, and the space
between the electrodes is S. The transparent pixel electrode
PIT is present below the slit, which is the slit width S, with the
protection insulating film PAS interposed therebetween.
Therefore, when the potential difference between two elec-
trodes becomes large, the electric field having electric line of
force folded in the liquid crystal layer LC is formed. The
maximum electric field region is formed on the border of the
electrode width L and the slit width S, which is the slit, of the
first transparent common electrode CT1. Therefore, the rota-
tion of the liquid crystal molecules LCM increases around the
border of the electrode width LL and the slit width S, so that
transmittance is increased. On the contrary, the electric field
around the center of the electrode width L and the slit width S
is decreased. Therefore, the rotation of the liquid crystal
molecules LCM is small, so that the transmittance is reduced.
Specifically, the pixel region has a transmittance distribution
in the transverse direction in the sectional view in FIG. 22.
Accordingly, when the width L or the slit width S of the first
transparent common electrode CT1 is increased, the electric
field in the vicinity of the center of the electrode width T and
the slit width S becomes weak, so that the transmittance is
reduced. Consequently, the electrode width T and the slit
width S, which is the slit, of the first transparent common
electrode have to be finely set in consideration of the thick-
ness of the liquid crystal layer LC.

[0318] In order to realize a bright liquid crystal display
device with low power consumption, the width of the black
matrix BM or the width of the data line DL has to be
decreased, the black matrix BM and the data line DL being a
light shielding region of a data line DL on the border of the
pixel regions. With this, the aperture ratio can be increased. In
addition, the width of the transparent pixel electrode PIT has
to be increased to the light-shielding region in order to
increase the driving region of the liquid crystal layer LC.
Specifically, a distance Lds between the transparent pixel
electrode PIT and the adjacent data line DL has to be
decreased. In addition, it is necessary to consider that, in the
transmittance distribution in the transverse direction in one
pixel, the transmittance at the border of the electrode width L
and the slit width S, which is the slit, of the first transparent
common electrode CT1 becomes the maximum, and the
transmittance in the vicinity of the center of the electrode
width L and the slit width S which is the slit is low.

[0319] FIG. 23 illustrates a calculation result of the trans-
mittance distribution in the opening region in FIG. 22. The
electrode width L and the slit width S, which is the slit, of the
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first transparent common electrode CT1 are respectively 4 pm
and 6 pm as illustrated in FIG. 23 in the present embodiment.

[0320] The transmittance is periodically increased and
decreased in the transverse direction of the sectional struc-
ture. The transmittance is a relative value. The maximum
transmittance is obtained at the end of the transparent com-
mon electrode CT1. The electric field EF from the first trans-
parent common electrode CT1 to the transparent pixel elec-
trode PIT via the liquid crystal layer LC becomes the
maximum at the end of the transparent common electrode
CT1. On this region, the rotation angle of the liquid crystal
molecules in the liquid crystal layer LC becomes the maxi-
mum, so that the transmittance becomes the maximum. The
region where the transmittance is decreased is in the vicinity
of the center of the electrode width L and the vicinity of the
center of the slit width S, which is the slit, of the first trans-
parent common electrode CT1. In this region, the electric
field EF becomes weak. The reason why the transmittance is
the minimum in the vicinity of the center of the slit width S
which is the slit is because the intensity of the electric field EF
is low. Therefore, in order to enhance the transmittance, the
region where the electric field EF is strong is densely formed.
Specifically, the electrode width L and the slit width S of the
first transparent common electrode CT1 has to be set as
smaller as possible. In order to keep the relative transmittance
illustrated in FIG. 23 at 50% or higher, the first transparent
common electrode CT1 has to be formed such that the elec-
trode width L and the slit width S are equal to each other as
much as possible. The point to which the greatest attention
has to be paid is the space with each electrode or line in the
light-shielding region around the data lines DL, the light-
shielding region greatly affecting the aperture ratio of the
pixel region.

[0321] FIGS.24A and 24B each illustrate a cross-section of
the border between the adjacent pixels in a dotted frame in
FIG. 22. FIGS. 24A and 24B are views for describing a
configuration for efficiently improving the aperture ratio or
the (maximum) transmittance.

[0322] A leakage electric field generated by the flow of the
video image signal to the data line DL might cause deterio-
ration in display performance. This is considered as follows.
Specifically, the charges and voltage in the pixel region are
charged when the thin-film transistor TFT is turned on. How-
ever, the charging period is only when the gate line GL is
selected in one frame, and the pixel region is in a floating
period while the other gate lines GL are selected. However, a
video image signal for other pixel regions is always flown on
the data lines DL, and the pixel region in the floating state is
affected by the leakage electric field from the data lines DL.
Therefore, the storage capacitance in the pixel region is likely
to vary. In the cross-sectional structure in FIG. 24, the capaci-
tance coupling from the data lines DL to the transparent pixel
electrode PIT depends upon the distance Lds. When the dis-
tance Lds is short, the voltage variation from the data lines DL
is affected by a parasitic capacitance from the first transparent
pixel electrode PIT, so that the pixel voltage is likely to vary.
In the case where a white or black window is displayed on a
gray background at the center, a display with brightness close
to the brightness of the window appears on the gray back-
ground at the portion above or below the window, when this
variation is large. This is a display failure called vertical
crosstalk. However, when the distance Lds is set too large, the
area of the transparent pixel electrode PIT becomes small, so
that the superimposed portion with the first transparent com-
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mon electrode CT1 also becomes small. Therefore, the range
where the electric field EF is formed also becomes small,
whereby the aperture ratio is decreased to cause a dark image.
In the present embodiment, the parasitic capacitance between
the data line DL and the transparent pixel electrode PIT can be
decreased, even if the distance Lds between the data line DL
and the transparent pixel electrode PIT is decreased. In addi-
tion, the present embodiment realizes the structure in which
the transmittance is difficult to be reduced, even if the distance
Ldsis increased. FIG. 24 A illustrates one example of a cross-
section on the border between the adjacent pixels. The dis-
tance Lds between the transparent pixel electrode PIT and the
data line DL is very small. Therefore, the coupling capaci-
tance between the transparent pixel electrode PIT and the data
line DL is likely to increase, and hence, the transparent pixel
electrode PIT is easy to be affected by the signal on the data
line DL. In view of this, the transparent pixel electrode PIT
extends to be superimposed with the first transparent com-
mon electrode CT1 on the data line DL in the present embodi-
ment. In other words, the distance Lds between the transpar-
ent pixel electrode PIT and the data line DL is covered with
the first transparent common electrode CT1 in the direction of
the liquid crystal LC. The second transparent common elec-
trode CT2 is formed below the transparent pixel electrode PIT
with the gate insulating film GSN interposed therebetween.
The edge of the second transparent common electrode CT2 is
set to the position close to the data line DL from the transpar-
ent pixel electrode PIT by Lo. In other words, the edge of the
second transparent common electrode CT2 is overlapped
with the distance Lds between the data line DL and the trans-
parent pixel electrode PIT in a plan view. The thickness of the
protection insulating film PAS is about 0.6 um, and the thick-
ness of the gate insulating film GSN is about 0.4 um. These
thicknesses are much smaller than the set values of the slit
width S between the electrodes and the distance Lds. The first
transparent common electrode CT1 and the second transpar-
ent common electrode CT2 are fixed to be a common poten-
tial for the common electrode. Therefore, the parasitic capaci-
tance depending upon the distance Lds between the data line
DL and the transparent pixel electrode PIT can be suppressed
to be low due to the effect of electric shield from the top
surface of the first transparent common electrode CT1 and
from the lower surface of the second transparent common
electrode CT2. Specifically, the influence of the data line DL,
canbe reduced even in the structure in which the distance Lds
between the transparent pixel electrode PIT and the data line
DL is very small.

[0323] On the other hand, the first transparent common
electrode CT1 and the transparent pixel electrode PIT are
superimposed, and the liquid crystal layer LC is driven by an
electric field applied between these two electrodes. As under-
stood from the calculation in FIG. 23, a protruding size Ls of
the first transparent common electrode CT1, the protrusion
protruding to the outside from the black matrix BM formed on
the first transparent substrate SUBI, (i.e., the distance
between the edge of the slit of the first transparent common
electrode CT1 and the edge of the black matrix BM in a plan
view) has a function equivalent to the electrode width L.
Therefore, if the protruding distance Ls is a half or less of the
slit width S of the first transparent common electrode CT1,
the electric field EF can be made dense, whereby a liquid
crystal display device with less reduction in transmittance can
be provided.
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[0324] FIG.24B illustrates a structure in which the distance
Lds between the data line DL and the transparent pixel elec-
trode PIT is large in the similar cross-sectional structure. In
this case, since the distance Lds between the data line DL and
the transparent pixel electrode PIT is large, the coupling
capacitance is greatly reduced. This structure also reduces the
possibility that the data line DL and the transparent pixel
electrode PIT are short-circuited due to an error during the
manufacturing process. However, in this case, the area of the
transparent pixel electrode PIT is reduced. Therefore, the
problem is to prevent the reduction in the transmittance. The
first transparent common electrode CT1 includes a plurality
of slits in the region outside the data line DL. The width of
each slit is defined as S. As apparent from the plan view in
FIG. 19 and the sectional view in FIG. 22, the slits extend in
the direction along the data lines DL. The end of the trans-
parent pixel electrode PIT in FIG. 24B is formed to be located
in the most adjacent slit of the first transparent common
electrode CT1 that covers the data line DL, and extend along
the data lines DL in a plane.

[0325] On the other hand, in the present embodiment, the
transparent pixel electrode PIT and the first transparent com-
mon electrode CT1 covering the data line DL are not over-
lapped with each other, but are apart from each other by a
predetermined distance Li in the slit width S which is the slit.
Specifically, the distance Li is formed between the edge of the
slit of the first transparent common electrode CT1 and the
edge of the transparent pixel electrode PIT in a plan view. If
the second transparent common electrode CT2 is not formed
below the transparent pixel electrode PIT in the present
embodiment, only the transparent pixel electrode PIT and the
first transparent common electrode CT1 drive the liquid crys-
tallayer LC. As for the planar size, the slit width S which is the
slit is 6 pm, for example, as illustrated in FIG. 23. Therefore,
when the distance L is set to be not less than 3 um, the
intensity of the electric field is sharply reduced, which results
in that the transmittance is reduced. In the present embodi-
ment, the second transparent common electrode CT2 is
formed blow the predetermined distance Li. Specifically, the
distance Li and the second transparent common electrode
CT2 are overlapped with each other in a plan view. The
electric field at the end of the transparent pixel electrode PIT
reaches the second transparent common electrode CT2 from
the slit width S which is the slit via the liquid crystal layer LC
to drive the liquid crystal layer LC. With this operation, the
reduction in the transmittance can be prevented. Specifically,
the end of the transparent pixel electrode PIT is present in the
slit width S, which is the slit, adjacent to the first transparent
common electrode CT1 covering the data line DL, and the
second transparent common electrode is present below the
space between the end of the transparent pixel electrode PIT
and the end of the transparent common electrode CT1. This
structure can provide a liquid crystal display device having
small parasitic capacitance, high transmittance, and low
power consumption.

[0326] FIG. 25 is a plan view of one pixel corresponding to
an end of a screen of the liquid crystal display device. FIG. 25
illustrates a terminal portion for the extraction from the end of
the screen to the outside. The data line DL and the first
transparent electrode material ITO1 are connected to each
other from a drain opening CN1 formed on a metal line of the
data line DL, and this forms a drain terminal electrode DTN.
The common electrode metal line MSL is similarly connected
to the first transparent electrode material ITO1 on a common
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electrode metal line opening CN2, and this is extracted as a
common electrode terminal CTN. On the other hand, the gate
line GL is extracted on the first transparent electrode material
ITO1 from a gate line opening CN3, and this forms a gate line
terminal electrode GTN. The gate line GLD at the terminal
end is a gate line for a dummy pixel, since a corresponding
pixel is actually not present. An adhesive layer seal SEL is a
rectangular frame made of an organic material for preventing
leakage of liquid crystal.

[0327] FIG. 26 illustrates a cross-section taken along line
26-26' in FIG. 25. F1G. 26 illustrates a cross-sectional struc-
ture from the gate line terminal electrode GTN to the semi-
conductor layer SEM in the liquid crystal display device.

[0328] Theregionsandwiched between the first transparent
substrate SUB1 and the second transparent substrate SUB2 is
the liquid crystal layer LC. The adhesive layer seal SEL is
formed on the periphery of the screen region DIA for prevent-
ing the liquid crystal in the liquid crystal layer LC from
leaking. The gate line GL is extracted to the periphery of the
second transparent substrate SUB2 where the liquid crystal
layer LC is not present, wherein the gate line GL is extracted
with the first transparent electrode material ITO1 from the
opening on the gate insulating film GIN and the protection
insulating film PAS. The gate drive circuit is connected to the
gate line terminal electrode GTN.

[0329] FIGS. 27A to 31B each illustrate a manufacturing
process of the thin-film transistor TFT, the wiring region, and
the opening formed on the second transparent substrate SUB2
in the present embodiment. FIGS. 27A, 28A, 29A, 30A, and
31A are plan views each illustrating one pixel region, and
FIGS.27B, 28B, 29B, 30B, and 31B are sectional views each
taken along line b-b' in the corresponding plan view. FIGS.
27A to 31B each illustrate each photographic processing
process in the TFT process. Each plan view is a plan view of
one pixel including the terminal portion in FIG. 25, and each
sectional view is a sectional view including the gate line
terminal electrode GTN in FIG. 26.

[0330] FIG. 27A is a plan view of one pixel, when a first
photo-process is completed on the second transparent sub-
strate SUB2, and FIG. 27B is a sectional view taken along line
b-b' in FIG. 27A. The gate line GL, the common electrode
metal line MSL, and the second transparent common elec-
trode CT2 (ITO3) are formed by the first photo-process. The
third transparent electrode material ITO3 and the metal mate-
rial for the gate line GL are formed on the second transparent
substrate SUB2 by sputtering. In an exposure process for the
resist in the first photo-process, a photomask is made of
perfectly light shielding metal and semitransparent metal. By
using this photomask, a thick photoresist can be formed on
the gate line GL, a thin photoresist can be formed on the
second transparent common electrode CT2, and a photoresist
cannot be formed on the other region. With this state, the
material ofthe gate line GL and the third transparent electrode
material ITO3 are removed by etching, and then, the thin
resist is removed by an ashing process. Then, the gate line GL
is again removed, whereby the second transparent common
electrode CT2, the gate line GL having the metal line, and the
common electrode metal line MSL can be formed by one
exposure process. The process in which two types of resists,
each having a different thickness, are formed in one exposure
as described above is called halftone exposure. According to
the halftone exposure, the number of exposure processes that
are conventionally performed twice can be reduced to half,
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whereby the number of the whole photo-process can be
reduced. Accordingly, cost can be reduced.

[0331] FIG. 28A is a plan view of one pixel, when a second
photo-process is completed, and FIG. 28B is a sectional view
taken along line b-b' in FIG. 28A. The gate insulating film
GSN made of silicon nitride and the semiconductor layer
SEM made of amorphous silicon are stacked on the gate line
GL by CVD. A stacked film of molybdenum Mo and copper
Cu is formed on the semiconductor layer SEM by sputtering,
whereby the data line DL and the source electrode SM are
formed.

[0332] A photoresist is formed on the CVD film and the
sputtering film, and the photoresist is exposed by use of a
halftone photomask, whereby the region of the data line DL
and the source electrode SM and the region of the semicon-
ductor layer SEM can be formed.

[0333] FIG. 29A is a plan view of one pixel, when a third
photo-process is completed, and FIG. 29B is a sectional view
taken along line b-b' in FIG. 29A. The second transparent
electrode material ITO2 is formed on the data line DL and the
source electrode SM. The photo-process is performed to the
second transparent electrode material ITO2 to thereby form
the transparent pixel electrode PIT. The transparent pixel
electrode PIT is formed in a square pattern in one pixel. The
transparent pixel electrode PIT is connected to the source
electrode SM.

[0334] FIG. 30A is a plan view of one pixel, when a fourth
photo-process is completed, and FIG. 30B is a sectional view
taken along line b-b' in FIG. 30A. In this photo-process for
forming the protection insulating film PAS on the data line
DL and the source electrode SM by CVD, the protection
insulating film PAS is processed by dry etching on the termi-
nal region to form a gate line opening CN3, which is a contact
hole penetrating to the surface of the gate line GL.

[0335] FIG. 31A is a plan view of one pixel, when a fifth
photo-process is completed, and FIG. 31B is a sectional view
taken along line b-b' in FIG. 31A. The first transparent elec-
trode material ITO1 is formed, and then, the photo-etching
process is performed to the first transparent electrode material
ITO1 to thereby form the first transparent common electrode
CT1. The gate line terminal electrode GTN connected to the
gate line opening CN3 is formed by using the first transparent
electrode material ITO1 on the terminal region of the gate line
GL. In the present embodiment, the transparent pixel elec-
trode PIT is formed on the same layer as the semiconductor
layer SEM. Therefore, a through-hole that is to be formed on
the interlayer insulating film for connecting the semiconduc-
tor layer SEM and the transparent pixel electrode PIT is
unnecessary. Accordingly, the aperture ratio canbe enhanced.

Fourth Embodiment

[0336] Referring to FIGS. 32~35, aliquid crystal panel of a
fourth embodiment will be described.

[0337] FIG. 32 is a diagram illustrating a system and a
circuit connection of a liquid crystal display device according
to the present embodiment.

[0338] A common voltage is propagated to a screen region
DIA by a common electrode metal line MSL and a transparent
common electrode CT1 connected thereto.

[0339] In the third embodiment described above, the first
transparent common electrode CT1, a transparent pixel elec-
trode PIT, and the second transparent common electrode CT2
are formed in a pixel by using three types of transparent
electrode materials ITO1, ITO2, and ITO3 in different manu-
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facturing processes, and an aperture ratio and transmittance in
the vicinity of the cross-section of a black matrix BM on a
data line DL are enhanced due to the arrangement of these
electrodes. On the other hand, in the third embodiment, the
common electrode metal line MSL that supplies a common
voltage to the second transparent common electrode CT2 is
formed as illustrated in the plan view in FIG. 19 and the
sectional view in FIG. 21. This common electrode metal line
MSL is non-transparent, thereby reducing the aperture ratio.
However, it is difficult to eliminate the common electrode
metal line MSL, since resistance has to be reduced by the
connection to the metal line, considering the wiring delay of
the second transparent common electrode CT2. In the present
embodiment, the loss of the aperture ratio is reduced by
designing the shape of the common electrode metal line MSL.
[0340] In the present embodiment, the common electrode
metal line MSL is disposed to be shared by two upper and
lower pixels in FIG. 32. Since the metal material used for the
common electrode metal line MSL has low resistivity, the
common electrode metal line MSL, may have the planar width
identical to that of the common electrode metal line MSL in
the third embodiment if it is shared by two pixels. With this
configuration, the aperture ratio can be enhanced.

[0341] FIG. 33 is a plan view illustrating a plurality of
pixelsinascreen region DIA. FIG. 33 illustrates that the black
matrix BM on a first transparent substrate SUB1, on which a
color filter CF is formed, is disposed on a set of upper and
lower pixels across the common electrode metal line MSL. In
the pixel structure in the screen region DIA, the gate lines GL
that supply a scanning-voltage and data lines DL that supply
avideo-signal voltage are arranged in a matrix, and a thin-film
transistor TFT is formed in each pixel region.

[0342] FIG. 34 is a plan view illustrating two upper and
lower pixels across the common electrode metal line MSL
according to the present embodiment, and FIG. 35 is a sec-
tional view taken along line 35-35" in FIG. 34.

[0343] Asillustrated in the plan view in F1G. 34, two pixels
are disposed above and below the common electrode metal
line MSL. The gate lines GL for each of two pixels are
adjacent to each other and disposed in parallel to each other.
As in the third embodiment, the data lines DL supply the
video-signal voltage to each pixel. Specifically, a pair of pixel
regions adjacent to each other in the longitudinal direction of
the data line DL is disposed between a pair of gate lines GL.
The common electrode metal line MSL, which is connected
to the second transparent common electrode CT2 included in
each pixel region and which is parallel to the gate line GL, is
disposed between the pair of pixel regions. This common
electrode metal line MSL corresponds to a common line in the
liquid crystal display device according to the present appli-
cation.

[0344] The two upper and lower pixels across the common
electrode metal line MSL are disposed to bend at a predeter-
mined angle. With this configuration, the rotation directions
of the liquid crystal in the upper and lower pixels are made
opposite to each other in an in-plane switching (IPS) display,
whereby an effect of significantly reducing a color change in
viewing angle performance can be provided. In the third
embodiment, the upper and lower pixels are disposed to bend
across the gate line GL. On the other hand, in the present
embodiment, the upper and lower pixels are disposed to bend
across the common electrode metal line MSL. Since the width
of the common electrode metal line MSL is smaller than the
width of the gate line GL, the aperture ratio at the folded
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portion can be increased. Since the voltage applied to the gate
line GL is different from the video-signal voltage and the
common voltage, this voltage is likely to cause malfunction
on the display. Therefore, the liquid crystal layer LC can be
driven more accurately in the configuration of the present
embodiment in which the gate line GL is not formed on the
superimposed portion with the transparent pixel electrode
PIT.

[0345] The common electrode metal line MSL is made of a
low-resistance material, and is non-transparent. Therefore, if
it is shared by two pixels as in the present embodiment, the
aperture ratio can be improved without an increase in the line
width, whereby a bright liquid crystal display device with low
power consumption can be provided.

[0346] FIG.35is asectional view taken along line 35-35'in
the plan view in F1G. 34. FIG. 35 illustrates a cross-section of
two pixels across the gate line GL, the two pixels having the
common electrode metal line MSL disposed at the center of
the inside of two gate lines GL that are disposed parallel to
each other. The inner gate line GL of two gate lines GL that
are disposed side by side supplies a voltage to the transparent
pixel electrode PIT of each of two pixels via the semiconduc-
tor layer SEM of the thin-film transistor TFT.

[0347] The width of the common electrode metal line MSL
is set to be identical to the width used in the third embodiment.
With this width, the common electrode metal line MSL can
supply the common voltage to the second transparent com-
mon electrode CT2 without the wiring delay. According to
this configuration, the number of the common electrode metal
lines MSL can be reduced to half, whereby the aperture ratio
can be improved.

[0348] The black matrix BM is formed on the first trans-
parent substrate opposite to the common electrode metal line
MSL. With this configuration, the border of the display
between pixels can be made clear. However, when an increase
in the aperture ratio is demanded, the black matrix BM can be
eliminated, since the common electrode metal line MSL has
a function as a light shielding film.

[0349] Inthe present embodiment, the distance Ps between
the adjacent transparent pixel electrodes PIT is set to be small
in order to increase the aperture ratio. With this configuration,
the aperture ratio is enhanced. However, when the distance Ps
between the transparent pixel electrodes PIT is set to be small,
another problem of deterioration in image quality occurs,
although the aperture ratio can be enhanced. In the present
embodiment, the transparent pixel electrodes PIT sand-
wiched between two gate lines GL are adjacent to each other
as illustrated in the plan view in FIG. 34. In the actual driving,
the scanning-voltage is successively applied to the gate lines
GL from the upper one. The scanning-voltage is applied to the
gate line GL in the upper one of the pixel regions that are
adjacent to each other, and the video-signal voltage is applied
to the transparent pixel electrode PIT from the data line DL.
When the scanning-voltage is similarly applied to the lower
gate line GL, the video-signal voltage that is another data is
applied to the transparent pixel electrode PIT in the lower
pixel from the data line DL via the semiconductor layer SEM.
The scanning-voltage to the gate line GL is applied in a form
of a pulse. When the scanning-voltage is applied to the upper
gate line GL, and then, the scanning-voltage is applied to the
lower gate line GL, the scanning-voltage applied to the upper
gate line GL is decreased and turned off. When the scanning-
voltage is turned off, the voltage variation increases. There-
fore, the voltage of the transparent pixel electrode PIT is
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decreased due to the movement of charges on the semicon-
ductor layer SEM of the gate line GL or the capacitance
coupling of the parasitic capacitance between the gate line GL
and the transparent pixel electrode PIT. The thin-film transis-
tor TFT is disposed in each pixel, and each parasitic capaci-
tance is almost equal. Therefore, the influence of this voltage
variation to the deterioration inimage quality is small, so long
as the voltage variation is not so large. On the other hand,
when the thin-film transistors TFTs of the adjacent pixels are
close to each other as in the present embodiment, a display
failure might occur. The present embodiment proposes a
countermeasure for the occurrence of the display failure.

[0350] When the application of the scanning-voltage to the
gate line GL in the upper pixel illustrated in FIG. 34 is
stopped, the potential of the upper transparent pixel electrode
PIT, which is in the storage period, is reduced due to the
coupling of the parasitic capacitance between the gate line GL,
and the transparent pixel electrode PIT. On the other hand,
when the application of the scanning-voltage to the lower gate
line GL is started, so that the potential of the lower transparent
pixel electrode PIT is increased, the potential of the upper
pixel varies due to the capacitance coupling of the distance Ps
between the transparent pixel electrodes PIT. When the appli-
cation of the scanning-voltage to the gate line GL in the lower
pixel is stopped, the voltage of the upper transparent pixel
electrode PIT also varies according to the distance Ps between
the adjacent transparent pixel electrodes PIT. Thus, a stripe-
like display is generated for each row, which results in that the
image quality is deteriorated.

[0351] The common electrode metal line MSL and the sec-
ond transparent common electrode CT2 are formed below the
region of the distance Ps between the adjacent transparent
pixel electrodes PIT with the gate insulating film GIN inter-
posed therebetween as illustrated in FIG. 35. On the other
hand, the first transparent common electrode CT1 is formed
above the region of the distance Ps with the protection insu-
lating film PAS interposed therebetween. A common voltage
is applied to the first transparent common electrode CT1 and
the second transparent common electrode CT2 as a power
source. Specifically, the distance Ps between two transparent
pixel electrodes PIT is shielded in the vertical direction.
When the distance Ps between the transparent pixel elec-
trodes PIT is small, a parasitic capacitance is generated
between the transparent pixel electrodes PIT. Therefore,
when one of the transparent pixel electrodes PIT is turned on,
the potential of the adjacent transparent pixel electrode PIT
also varies. However, in the present embodiment, the distance
Ps between the transparent pixel electrodes PIT is shielded by
the first transparent common electrode CT1. Therefore, the
parasitic capacitance between the adjacent transparent pixel
electrodes PIT can be suppressed by the parasitic capacitance
between the transparent pixel electrode PIT and the first trans-
parent common electrode CT1. Accordingly, the voltage
variation can be prevented by the coupling capacitance, even
if the distance Ps between the transparent pixel electrodes PIT
is small, which results in that a bright liquid crystal display
device with low power consumption can be provided. In the
present embodiment, the width of the first transparent com-
mon electrode CT1 is set larger than the distance Ps between
the adjacent transparent pixel electrodes PIT. However, even
if the width of the first transparent common electrode CT1 is
smaller than the distance Ps, the parasitic capacitance
between the adjacent transparent pixel electrodes PIT can be
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suppressed only by forming the first transparent common
electrode CT1 above the distance Ps.

Fifth Embodiment

[0352] Referring to FIGS. 36~45, aliquid crystal panel of a
fifth embodiment will be described.

[0353] FIG.36isaplanview of six pixels in a screen region
DIA. FIG. 36 illustrates that a black matrix BM on which a
color filter CF is formed is disposed on the upper-half three
pixels. In the pixel structure in the screen region DIA, gate
lines G that supply a scanning-voltage and data lines DL that
supply a video-signal voltage are arranged in a matrix, and a
thin-film transistor TFT is formed in each pixel region. In
each pixel, a red R color filter CF, a green G color filter CF,
and a blue B color filter CF are formed in the horizontal
direction. The red R pixel forms a row in the vertical direc-
tion. A common electrode metal line MSL is disposed on the
data line DL with the insulating film interposed therebetween
in order to supply a common voltage to the red R pixel.
Specifically, the common electrode metal line MSL is con-
nected to a first transparent common electrode CT1, and
overlapped with the data line DL in a plan view. The common
electrode metal line MSL is connected to a second transparent
common electrode CT2 via a connection point SEG. The
connection point SEG reduces the aperture ratio of the pixel.
In order to reduce this influence, the connection point SEG is
formed on the red R pixel that less affects white brightness.
[0354] In the present embodiment, since the connection
point SEG of the common electrode metal line MSL reduces
the aperture ratio of the pixel, the common electrode metal
lines MSL are thinned out to reduce a number of lines. Spe-
cifically, one connection point SEG is disposed for a plurality
of pixels to prevent the reduction in the aperture ratio. In the
present embodiment, the connection point SEG is formed
only on the red R pixel that gives less influence of the dete-
rioration in brightness in a white display, out of the red R, the
green G, and the blue B pixels. With this configuration, the
common voltage is efficiently supplied to the first transparent
common electrode CT1 and the second transparent common
electrode CT2 from the common electrode metal line MSL,
and a high aperture ratio is realized for high brightness. The
green G greatly affects white brightness among three colors.
In the present embodiment, the connection point SEG is
formed on the red R pixel, but it may be formed on the blue B
pixel.

[0355] FIG. 37 is adetailed plan view of thered R, green G,
and blue B pixels, FIG. 38 is a sectional view taken along line
38-38'in FIG. 37, and FIG. 39 is a sectional view taken along
line 39-39' in FIG. 37. A scanning-voltage is applied to the
gate lines GL. Thus, the video-signal voltage is transmitted to
the transparent pixel electrode PIT (ITO2) from the data lines
DL through the low-resistance semiconductor SEM and the
source electrode SM. On the other hand, another common
potential for driving the liquid crystal layer LC is supplied to
the first transparent common electrode CT1 (ITO1) that is on
the uppermost surface (at the liquid crystal layer side). The
first transparent common electrode CT1 also covers the gate
line GL and the data line DL with the insulating film inter-
posed therebetween, and extends over the plurality of pixels.
[0356] Each arrangement and configuration will be
described with reference to the sectional views in FIGS. 37
and 38.

[0357] FIG.38is asectional view taken along line 38-38'in
FIG. 37. FIG. 38 is a sectional view of three pixels of red R,
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green G, and blue B on the TFT portion. FIG. 38 illustrates a
cross-section crossing thered R, green G, and blue B pixels in
the transverse direction. The common electrode metal line
MSL connected to the first transparent common electrode
CT1 is covered with the first transparent common electrode
CT1, and is connected to the second transparent common
electrode CT2 via an opening in a protection insulating film
PAS and a gate insulating film GSN and a contact metal
electrode CNTM. The aperture ratio is reduced due to the
formation of the connection point SEG. However, the con-
nection point SEG is formed only on the red R pixel, and is not
formed on the green G pixel that affects white brightness.
Therefore, the influence is small. The contact metal electrode
CNTM is a conductor that connects the ITOs.

[0358] FIG. 39 is similarly a sectional view crossing three
pixels that are red R, green G, and blue B pixels. This sec-
tional view illustrates a portion crossing the data line DL
where the thin-film transistor TFT is not formed. The com-
mon electrode metal line MSL is disposed on the data line DL
of the green G pixel with the protection insulating film PAS
interposed therebetween. As described in the third and fourth
embodiments, the common electrode metal line MSL reduces
the aperture ratio, when it is disposed to cross the opening. In
the present embodiment, the common electrode metal line
MSL is located in the position hidden by the black matrix BM
formed on the first transparent substrate SUB1 above the data
line DL, so that the common electrode metal line MSL does
not reduce the aperture ratio.

[0359] FIGS. 40A to 45B each illustrate a manufacturing
process of the thin-film transistor TFT formed on the second
transparent substrate SUB2 at the point of an end of'a photo-
process. The thin-film transistor TFT is formed through six
photo-etching processes in total.

[0360] FIG. 40A is a plan view of one pixel region when a
first photo-process is completed on the second transparent
substrate SUB2, and FI1G. 40B is a sectional view taken along
line b-b' in FIG. 40A. The gate line GL, the contact metal
electrode CNTM, and the second transparent common elec-
trode CT2 are formed through the first photo-process. The
third transparent electrode material ITO3 and the metal mate-
rial for the gate line GL and the contact metal electrode
CNTM are formed on the second transparent substrate SUB2
by sputtering. In an exposure process for the resist in the first
photo-process, a photomask is made of perfectly light shield-
ing metal and semitransparent metal. By using this photo-
mask, a thick photoresist can be formed on the gate line GL
and the contact metal electrode CNTM, a thin photoresist can
be formed on the second transparent common electrode CT2,
and a photoresist cannot be formed on the other region. With
this state, the material of the gate line GL and the contact
metal electrode CNTM, and the third transparent electrode
material ITO3 are removed by etching, and then, the thin
resist is removed by an ashing process. Then, the gate line GL
and the contact metal electrode CNTM are again removed,
whereby the second transparent common electrode CT2, the
gate line GL, the gate line GL having the contact metal elec-
trode CNTM, and the contact metal electrode CNTM can be
formed by one exposure process. The process in which two
types of resists, each having a different thickness, are formed
in one exposure as described above is called halftone expo-
sure. According to the halftone exposure, the number of expo-
sure processes that are conventionally performed twice can be
reduced to half, whereby the number of the whole photo-
process can be reduced. Accordingly, cost can be reduced.
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[0361] FIG. 41A is a plan view of one pixel when a second
photo-process is completed, and FIG. 41B is a sectional view
taken along line b-b' in FIG. 41A. The gate insulating film
GSN made of silicon nitride and the semiconductor layer
SEM made of amorphous silicon are stacked on the gate line
GL and the contact metal electrode CNTM by CVD. The data
line DL and the source electrode SM are formed on the
semiconductor layer SEM as a metal line by the halftone
exposure.

[0362] FIG. 42A is a plan view of one pixel when a third
photo-process is completed, and FIG. 42B is a sectional view
taken along line b-b' in FIG. 42A. The second transparent
electrode material ITO2 is formed on the data line DL and the
source electrode SM. The photo-process is performed to the
second transparent electrode material ITO2 to thereby form
the transparent pixel electrode PIT. The transparent pixel
electrode PIT is formed in a square pattern in one pixel. The
transparent pixel electrode PIT is connected to the source
electrode SM.

[0363] FIG. 43A is a plan view of one pixel when a fourth
photo-process is completed, and FIG. 43B is a sectional view
taken along line b-b' in FIG. 43A. The protection insulating
film PAS is formed on the data line DL and the source elec-
trode SM by CVD. The protection insulating film PAS is
made of silicon nitride, and has a thickness of 200 nm to 400
nm. In this photo-process, the protection insulating film PAS
and the gate insulating film GSN are processed by dry etching
to form an opening that is a contact hole reaching the surface
of the contact metal electrode CNTM.

[0364] FIG. 44A is a plan view of one pixel when a fifth
photo-process is completed, and FIG. 44B is a sectional view
taken along line b-b' in FIG. 44A. Metal materials for the
common electrode metal line MSL and the contact metal
electrode CNTM are formed on the protection insulating film
PAS by sputtering, and the photo-process is performed to the
metal materials to thereby form the common electrode metal
line MSL and the contact metal electrode CNTM. The com-
mon electrode metal line MSL is formed to be overlapped
with the data line DL in a plan view. The common electrode
metal line MSL buries the hole formed on the protection
insulating film PAS and the gate insulating film GSN, and is
connected to the contact metal electrode CNTM.

[0365] FIG. 45A is a plan view of one pixel when a sixth
photo-process is completed, and FIG. 45B is a sectional view
taken along line b-b' in FIG. 45A. The transparent electrode
material ITO1 is formed, and the photo-etching process is
performed to the transparent electrode material ITO1 to
thereby form the first transparent common electrode CT1.

Sixth Embodiment

[0366] Referring to FIGS. 46~48, aliquid crystal panel of a
sixth embodiment will be described.

[0367] FIG. 46 is a plan view of three pixels according to
the present embodiment. As in the fifth embodiment, three
pixels correspond to color filters CF in a vertical stripe shape
in a liquid crystal display device. Three pixels respectively
correspond to red R, green G, and blue B pixels from the left.
A connection point SEG is formed on the red R pixel, and a
common electrode metal line MSL is disposed on a data line
DL of the green G pixel.

[0368] FIGS. 47 and 48 are sectional views taken along
lines 47-47" and 48-48', respectively, in FIG. 46. In the sec-
tional view in FIG. 47, the connection point SEG is formed on
the red R pixel, and the common electrode metal line MSL is
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formed on the data line DL of the green G pixel, which are
similar to the fifth embodiment. However, the present
embodiment is characterized in that the common electrode
metal line MSL is formed on a first transparent common
electrode CT1. With this structure, the number of the manu-
facturing processes can be reduced to five, although six
manufacturing processes are performed in the fifth embodi-
ment. Specifically, instead of the processes illustrated in
FIGS. 44A to 45B, the transparent electrode material ITO1
for the first transparent common electrode CT1 and the metal
line material for the common electrode metal line MSL are
continuously formed by sputtering, and the halftone exposure
described in detail in the fifth embodiment is performed to
these materials. Thus, the exposure process is reduced by one.
Accordingly, a liquid crystal display device having high aper-
ture ratio and low power consumption can be provided. In the
present embodiment, the transparent electrode material ITO1
is directly connected to the contact metal electrode CNTM on
the first transparent common electrode CT1. Specifically, the
transparent electrode material [TO1 buries the hole formed on
the protection insulating film PAS and the gate insulating film
GSN, and is connected to the contact metal electrode CNTM.

Seventh Embodiment

[0369] Referring to FIGS. 49~59, aliquid crystal panel ofa
seventh embodiment will be described.

[0370] FIGS. 49A and 49B are detailed plan views each
illustrating one pixel region, FIG. 50 is a sectional view taken
along line 50-50' in FIG. 49, F1G. 51 is a sectional view taken
along line 51-51' in FIG. 49, F1G. 52 is a sectional view taken
along line 52-52' in FIG. 49, and FIG. 53 is a sectional view
taken along line 53-53' in FIG. 49.

[0371] FIG. 49A is a plan view illustrating a thin-film tran-
sistor TFT, one pixel region enclosed by gate lines GL and
data lines DL, and a part of the neighboring pixel region
adjacent to this pixel region, which are illustrated in FIG. 1.
To facilitate understanding of the structure, FIG. 49A illus-
trates patterns of almost all layers, while FIG. 49B illustrates
only a pattern of each transparent electrode and a projected
position (broken line) of an opening of a black matrix BM. An
inner side of the opening of the black matrix BM is a light
transmittance region, and an outer side of the opening is a
light shielding region.

[0372] Thearrangement and function of each configuration
in FIG. 49A will be described. Each of the gate lines GL is
made of a low-resistance metal layer. The gate lines GL are
connected to the scanning line drive circuit in FIG. 1, and a
scanning-voltage is applied to the gate lines GL from the
scanning line drive circuit. On the other hand, each of the data
lines DL is also made of a low-resistance metal layer, and a
video-data voltage is applied to the data lines DL. In the case
where a gate-on voltage is applied to the gate lines GL, the
resistance of a semiconductor layer SEM of the thin-film
transistor becomes low, whereby the voltage ofthe data lines
DL is transmitted to a source electrode SM made of a low-
resistance metal layer, and also transmitted to a transparent
pixel electrode PIT connected to the source electrode SM.
[0373] A common voltage thatis another voltage applied to
a liquid crystal layer is applied to a transparent common
electrode CIT and a transparent storage capacitance electrode
MIT from the common electrode drive circuit in FIG. 1. The
transparent pixel electrode PIT is stacked on the transparent
storage capacitance electrode MIT with an insulating film
interposed therebetween. The transparent common electrode
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CIT isalso stacked on the transparent pixel electrode PIT with
an insulating film interposed therebetween, wherein the
transparent common electrode CIT has a plurality of slits
formed therein. An electric field from the transparent pixel
electrode PIT reaches the inside of the liquid crystal layer
through the slits of the transparent common electrode CIT
disposed on the transparent pixel electrode PIT, is folded in
the liquid crystal layer, and finally reaches the transparent
common electrode CIT. Thus, a transverse electric field is
applied to the liquid crystal layer.

[0374] The transparent storage capacitance electrode MIT
is also connected to the common electrode drive circuit in
FIG. 1, and the common voltage is applied to the transparent
storage capacitance electrode MIT from the common elec-
trode drive circuit. The transparent storage capacitance elec-
trode MIT is disposed below the transparent pixel electrode
PIT with an insulating film interposed therebetween, and a
storage capacitance STG is formed between the transparent
pixel electrode PIT and the transparent storage capacitance
electrode MIT. As described above, in the seventh embodi-
ment, the transparent common electrode CIT having the slits,
the transparent pixel electrode PIT, and the transparent stor-
age capacitance electrode MIT are formed on the pixel region.
These three different transparent conductive films are formed
by different processes. The transparent pixel electrode PIT is
connected to the source electrode SM, and disposed indepen-
dently on each pixel region. On the other hand, the transparent
storage capacitance electrode MIT and the transparent com-
mon electrode CIT are connected in the form of a network
over the entire screen region DIA to cover the plurality of
pixel regions.

[0375] The present seventh embodiment is mainly charac-
terized by planar patterns of the transparent common elec-
trode CIT, the transparent storage capacitance electrode MIT,
and the transparent pixel electrode PIT in one pixel region.
Therefore, the relationship of these patterns will be described
by comparing FIGS. 49A and 49B.

[0376] The inside of the outline of the black matrix BM in
FIG. 49B is an opening. On the contrary, the regions of the
gate lines GL and the data lines DL are shielded. The uppet-
most pattern seen from the opening is the transparent com-
mon electrode CIT extending parallel to the data lines DL in
FIG. 49A. The transparent pixel electrode PIT can be seen
through the slits of the transparent common electrode CIT
from above.

[0377] The transparent common electrode CIT has a plu-
rality of band-shaped portions extending parallel to the data
line DL, and a plurality of slits are formed between these
band-shaped portions. The plurality of band-shaped portions
extending parallel to the data line DL cover the data line DL
with a width larger than the width of the data line DL above
the data line DL.

[0378] The transparent common electrode CIT does not
completely cover the data line DL above the gate line GL, but
is opened so as not to cover the semiconductor layer SEM
sandwiched between the data line DL and the source elec-
trode SM. This is for preventing the occurrence of malfunc-
tion caused by the transparent common electrode CIT reduc-
ing the resistance of the semiconductor layer SEM with a
protection insulating film PAS interposed therebetween. The
transparent common electrodes CIT adjacent to each other in
the longitudinal direction of the data line DL across the gate
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line GL are connected to each other. This is to reduce a wiring
delay time by connecting the transparent common electrodes
CTI in a matrix.

[0379] The transparent pixel electrode PIT has a planar
pattern disposed independently in each pixel region. The
transparent pixel electrode PIT is connected to the source
electrode SM. The outer boundaries of the adjacent transpar-
ent pixel electrodes PIT are separated across the data line DL
and the gate line GL respectively.

[0380] The transparent storage capacitance electrode MIT
is disposed below the transparent pixel electrode PIT with an
insulating film interposed therebetween. The transparent stor-
age capacitance electrode MIT is formed into a substantially
rectangular planar pattern in the pixel region. The transparent
storage capacitance electrodes MIT that are adjacent to each
other in the longitudinal direction of the gate line GL across
the data line DL are connected to each other by a connection
portion below the data line DL. The transparent storage
capacitance electrodes MIT that are adjacent to each other in
the longitudinal direction of the data line DL across the gate
line GL are also connected to each other by the connection
portion below the gate line GL. As described above, the
transparent storage capacitance electrodes MIT are con-
nected in a matrix to reduce the wiring delay time. According
to the configuration of shortening the wiring delay time, a
liquid crystal display device having high display uniformity
can be realized.

[0381] Inthe present seventh embodiment, the transparent
common electrodes CIT above the transparent pixel electrode
PIT extend to be connected to each other on the protection
insulating film PAS above the data line DL, and the transpar-
ent storage capacitance electrodes MIT below the transparent
pixel electrode PIT also extend to be connected to each other
below a lower insulating film L.PAS below the gate line GL, as
described above. Therefore, a liquid crystal display device
having a large storage capacitance, high aperture ratio, low
power consumption, and high uniformity inimage quality can
be provided.

[0382] In FIGS. 49A and 49B of the present seventh
embodiment, the space between the transparent pixel elec-
trode PIT and the data line DL is set to be small, and further,
the transparent common electrode CIT is disposed above the
space, while the transparent storage capacitance electrode
MIT is disposed below this space. In this case, the transparent
common electrode CIT and the transparent storage capaci-
tance electrode MIT have a function of shielding the data
lines DL. Accordingly, the black matrix BM on the data line
DL can be set to be small, whereby the aperture ratio can be
increased.

[0383] FIG. 501is a sectional view taken along line 50-50' in
FIG. 49A. The lower insulating film LPAS is disposed above
the transparent storage capacitance electrode MIT. The trans-
parent storage capacitance electrode MIT is formed into a
layer different from the gate line GL by the lower insulating
film LPAS, so that the transparent storage capacitance elec-
trodes MIT can be connected to each other via the region
below the gate line GL.. The transparent storage capacitance
electrode MIT and the transparent pixel electrode PIT form
the storage capacitance STG in the pixel region across the
lower insulating film LPAS and the gate insulating film GSN.
[0384] The transparent storage capacitance electrode MIT
corresponds to a first common electrode in a liquid crystal
display device according to the present application, the lower
insulating film LPAS corresponds to a third insulating film in
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the liquid crystal display device according to the present
application, and the gate insulating film GSN corresponds to
a first insulating film in the liquid crystal display device
according to the present application.

[0385] As in the planar configuration in FIGS. 49A and
49B, a drive voltage is applied between the transparent pixel
electrode PIT and the transparent common electrode CIT in
the case where the liquid crystal layer LC is regarded as a
capacitor in one pixel region. The common voltage identical
to that for the transparent common electrode CIT is also
applied to the transparent storage capacitance electrode MIT.
Firstly, an on-voltage is applied to the gate lines GL made of
a metal layer.

[0386] The gate insulating film GSN is formed on the gate
lines GL. The semiconductor layer SEM is processed and
disposed in an island shape on the gate line GL.

[0387] The data line DL and the source electrode SM are
formed on the semiconductor layer SEM. The data line DL
and the source electrode SM are made of a low-resistance
metal material formed by the same process. The protection
insulating film PAS is formed on the data line DL and the
source electrode SM.

[0388] The transparent pixel electrode PIT covers the
source electrode SM from above, and is electrically con-
nected thereto. The transparent pixel electrode PIT has an
independent planar pattern in each pixel region separated by
the gate lines GL and the data lines DL, which are arranged in
a matrix. When an on-voltage is applied to the gate lines GL
to bring the semiconductor layer SEM into a low resistance
state, the video-data voltage is applied to the transparent pixel
electrode PIT via the source electrode SM from the data lines
DL. The video-data voltage is charged in the capacitance
between the transparent pixel electrode PIT and the transpar-
ent common electrode CIT and in the capacitance between
the transparent pixel electrode PIT and the transparent stor-
age capacitance electrode MIT.

[0389] The transparent common electrode CIT is disposed
on the transparent pixel electrode PIT with the protection
insulating film PAS interposed therebetween. The protection
insulating film PAS corresponds to a second insulating film in
the liquid crystal display device according to the present
application, and the transparent common electrode CIT cor-
responds to a second common electrode in the liquid crystal
display device according to the present application.

[0390] When the on-voltage is applied to the gate lines GL,
the video-data voltage is applied to the transparent pixel elec-
trode PIT via the data lines DL, the semiconductor layer
SEM, and the source electrode SM. This video-data voltage is
charged in the capacitance between the transparent pixel elec-
trode PIT and the transparent common electrode CIT, and in
the capacitance between the transparent pixel electrode PIT
and the transparent storage capacitance electrode MIT, the
transparent common electrode CIT and the transparent stor-
age capacitance electrode MIT having the same common
potential. When an off-voltage is applied to the gate lines GL,
the period after the application of the off-voltage becomes a
storage period, and the semiconductor layer SEM becomes a
high resistance state. Therefore, the charged charges (volt-
age) are basically stored. However, the voltage of the trans-
parent pixel electrode PIT might be varied due to the leakage
by the resistance of the semiconductor layer SEM or the
resistance of the liquid crystal layer LC.

[0391] In general, holding characteristics are obtained by
the capacitance formed by the stacked layers of the transpar-
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ent common electrode CIT and the transparent pixel electrode
PIT. In the present seventh embodiment, a capacitance is also
formed between the transparent pixel electrode PIT and the
transparent storage capacitance electrode MIT, whereby the
whole capacitance can be increased. Consequently, the hold-
ing characteristics can be satisfactorily maintained, so that a
liquid crystal display device with excellent image quality can
be provided.

[0392] FIG. 51is a sectional view taken along line 51-51'in
FIG. 49A. FIG. 51 is a sectional view of three pixels with the
data line DL being defined as a border. The pixel at the center
corresponds to a green color filter CF(G) in a color filter CF
disposed in a vertical stripe shape. The pixels at the left and at
the right of the pixel at the center correspond to a red color
filter CF(R) and a blue color filter CF(B), respectively. The
black matrix BM is disposed on the inner surface of a first
transparent substrate SUB1 on the border of the pixel regions,
where the data lines DL are located, across the liquid crystal
layer LC.

[0393] In FIG. 51, the cross-sectional structure is divided
into two regions in an in-plane direction, the two regions
being a pixel border region where the black matrix BM or the
data line DL that does not transmit light is located, and an
opening region that transmits light. The structure and opera-
tion of the opening region will firstly be described.

[0394] Inthe opening region, the video-data voltage and the
common voltage are respectively applied to the transparent
pixel electrode PIT and the transparent common electrode
CIT, and an electric field generated between these electrodes
is applied to the liquid crystal layer LC. The intensity of the
elliptically polarized light in the liquid crystal layer LC is
changed due to the intensity of the electric field, whereby
transmittance is controlled to realize a tone image.

[0395] The transparent common electrode CIT has a plu-
rality of band-shaped portions, and a slit is formed between
the band-shaped portions. The transparent pixel electrode PIT
is present below the slit with an upper insulating film UPAS
interposed therebetween. Therefore, when the voltage
between the transparent pixel electrode PIT and the transpar-
ent common electrode CIT increases, an electric field having
electric line of force folded in the liquid crystal layer LC is
formed. The maximum electric field region is formed in the
vicinity of the border of the band-shaped portion and the slit
of the transparent common electrode CIT. Therefore, the rota-
tion of the liquid crystal molecules LCM increases around
this region, so that transmittance is increased. When the width
of the band-shaped portion or the space, which is the slit, of
the transparent common electrode CIT increases, the electric
field around the center of the band-shaped portion or the slit is
decreased, so that the transmittance is reduced. Therefore, the
width of the band-shaped portion and the width of the slit of
the transparent common electrode CIT have to be finely set in
consideration of the thickness of the liquid crystal layer LC.
Accordingly, the pixel region has a transmittance distribution
in the transverse direction in the sectional view in FIG. 51.
[0396] FIG. 51 illustrates lines of electric force EF1 and
EF2 for driving the liquid crystal layer LC with arrows. Spe-
cifically, the line of electric force EF1 is emitted from the
transparent pixel electrode PIT, is folded in the liquid crystal
layer LC, and then, reaches the transparent common electrode
CIT. The line of electric force EF2 is emitted from the trans-
parent pixel electrode PIT, is folded in the liquid crystal layer
LC, and then, reaches the transparent storage capacitance
electrode MIT. The transparent common electrode CIT and
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the transparent storage capacitance electrode MIT both have
the common voltage, and two lines of electric force contribute
to the drive ofthe liquid crystal layer L.C, i.e., contribute to the
display. In a most part of the opening of the black matrix BM,
the line of electric force EF1 from the transparent pixel elec-
trode PIT to the transparent common electrode CIT drives the
liquid crystal layer LC. On the other hand, the line of electric
force EF2 drives the liquid crystal layer LC at the periphery of
the opening of the black matrix BM. Since the electric field
becomes the maximum near the border (the edge of the slit)
between the transparent pixel electrode PIT and the transpar-
ent common electrode CIT in a plan view, the transmittance
becomes the maximum around this region. However, the
transmittance can be increased around the border (the outer
boundary of the transparent pixel electrode PIT) between the
transparent pixel electrode PIT and the transparent storage
capacitance electrode MIT at the periphery of the opening of
the black matrix BM in a plan view. Accordingly, in the pixel
structure in the present seventh embodiment, the whole por-
tion above the transparent pixel electrode PIT can effectively
be utilized, whereby a liquid crystal display device with high
transmittance and low power consumption can be provided.

[0397] On the other hand, in order to realize a liquid crystal
display device having high transmittance and low power con-
sumption, the width of the black matrix BM or the width of
the data line DL has to be decreased, the black matrix BM and
the data line DL being located on the border of the pixel
regions to form a light shielding region. With this, the aper-
ture ratio can be increased. In addition, the width of the
transparent pixel electrode PIT has to be increased to the light
shielding region. Specifically, the space between the adjacent
transparent pixel electrodes PIT is decreased, and a boundary
of each transparent pixel electrode PIT is overlapped with the
data line DL in a plan view.

[0398] The connection portion that connects the transpar-
ent storage capacitance electrodes MIT across the gate line
GL via the gate insulating film GSN and a lower insulating
film LPAS is disposed below the space between the transpar-
ent pixel electrodes PIT that are adjacent to each other in the
longitudinal direction of the data line DL across the gate line
GL. The width of the connection portion overlaps the gate line
GL inaplan view, and the connection portion is narrower than
the rectangular portion of the transparent storage capacitance
electrode MIT in the pixel region in the longitudinal direction
of the gate line GL.

[0399] The connection portion that connects the transpar-
ent storage capacitance electrodes MIT, which are adjacent to
each other in the longitudinal direction of the gate line GL,
across the data line DL via the gate insulating film GSN and
the lower insulating film LPAS is disposed below the space
between the transparent pixel electrodes PIT that are adjacent
to each other in the longitudinal direction of the gate line GL
across the data line DL. The width of the connection portion
overlaps the data line DL in a plan view, and the connection
portion is narrower than the rectangular portion of the trans-
parent storage capacitance electrode MIT in the pixel region
in the longitudinal direction of the data line DL.

[0400] The arrangement of the transparent storage capaci-
tance electrode MIT prevents the electric field noise, gener-
ated from the data lines DL, from going around the second
transparent substrate SUB2 and reaching the transparent
pixel electrode PIT. The transparent storage capacitance elec-
trode MIT shields the region below the data line DL, whereby

Mar. 3, 2016

the parasitic capacitance between the transparent pixel elec-
trode PIT and the data line DL can be reduced.

[0401] The transparent common electrode CIT is formed to
be wider than the data line DL in the area enclosed by the
black matrix BM and the data line DL. With this structure, the
electric field directing upward from the data line DL via the
protection insulating film PAS is shielded. As a result, unnec-
essary electric field noise directing upward from the data line
DL is shielded by the transparent common electrode CIT that
is wider than the data line DL, and the unnecessary electric
field noise directing downward is shielded by the transparent
storage capacitance electrode MIT. This shielding effect can
be enhanced by arranging the transparent pixel electrode PIT
atthe inner ofthe pixel region from the edge of the transparent
common electrode CIT covering the data line DL. Accord-
ingly, a liquid crystal display device having high aperture
ratio can be provided.

[0402] In the present seventh embodiment, the transparent
storage capacitance electrode MIT overlaps the data line DL
and the gate line GL. in a plan view via the gate insulating film
GSN and the lower insulating film LPAS. With this configu-
ration, the transparent storage capacitance electrodes MIT in
the plurality of pixel regions are connected, whereby the
wiring delay time can be shortened. Thus, a liquid crystal
display device having high uniformity can be provided.
[0403] FIG. 52 is a sectional view taken along line 52-52'in
FIG. 49A. The main portions are identical to those in the
sectional view in FIG. 51. The different point is that the
transparent storage capacitance electrode MIT buried below
the gate insulating film GSN below the data line DL and the
lower insulating film LPAS is opened below the data line DL,
and not superimposed with the data line DL in a plan view. As
understood from the plan view in FIG. 49, the transparent
storage capacitance electrodes MIT are connected to each
other via the connection portion that is smaller in width than
the transparent storage capacitance electrode MIT, and this
connection portion crosses the data line DL in a plan view.
Therefore, the transparent storage capacitance electrode MIT
1s not superimposed with the data line DL in the portion other
than the connection portion. This configuration has an effect
of reducing wiring capacitance of the data line DL when the
present embodiment is applied to a large-sized liquid crystal
display device.

[0404] On the other hand, the transparent pixel electrode
PIT has to be shielded by the transparent common electrode
CIT and the transparent storage capacitance electrode MIT
for reducing an influence of electric field noise from the data
line DL. In order to enhance this shielding effect, the bound-
ary of the transparent pixel electrode PIT is preferably located
at the inner side of the pixel region from the boundary of the
transparent storage capacitance electrode MIT. Specifically,
the boundary of'the transparent storage capacitance electrode
MIT is preferably located between the transparent pixel elec-
trode PIT and the data line DL, and between the transparent
pixel electrode PIT and the gate line GL in a plan view.
[0405] FIG. 53 is a sectional view taken along line 53-53'in
FIG. 49A. This sectional view illustrates a portion where the
transparent storage capacitance electrode MIT buried in the
lower insulating film [L.PAS below the gate line GL crosses the
gate line GL. The transparent storage capacitance electrodes
MIT that are adjacent to each other in the longitudinal direc-
tion of the data line DL across the gate line GL are also
connected to each other by the connection portion that is
narrower than the transparent storage capacitance electrode
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MIT. As described above, the transparent storage capacitance
electrodes MIT in each pixel region are connected to each
other in both the longitudinal direction of the gate line GI. and
in the longitudinal direction of the data line DL. This con-
figuration can shorten the wiring delay time, whereby a liquid
crystal display device that can display a uniform image can be
provided.

[0406] FIGS. 54A to 59B each illustrate a manufacturing
process of a stacked body including the thin-film transistor
TFT formed on the second transparent substrate SUB2
according to the present seventh embodiment. FIGS. 54A,
55A,56A,57A,58A, and 59A are plan views each illustrating
one pixel region, and FIGS. 54B, 55B, 56B, 57B, 58B, and
59B are sectional views each taken along line b-b' in the
corresponding plan view. FIGS. 54A to 59B each illustrate
each photographic processing process (photo-process).
[0407] FIG. 54A is a plan view of one pixel region when a
first photo-process is completed, and FIG. 54B is a sectional
view taken along line b-b' in FIG. 54A. The transparent stor-
age capacitance electrode MIT is patterned by the first photo-
process after being formed on the second transparent sub-
strate SUB2 by sputtering. After a transparent electrode
material is formed, a photo-etching process is performed to
the transparent electrode material to thereby form the trans-
parent storage capacitance electrode MIT. The transparent
storage capacitance electrode MIT has generally a rectangu-
lar shape in each pixel region, and has a connection portion
that is connected in the longitudinal direction of the gate lines
GL and in the longitudinal direction of the data lines DL.
[0408] FIG. 55A is a plan view of one pixel region when a
second photo-process is completed, and FIG. 55B is a sec-
tional view taken along line b-b' in FIG. 55A. The lower
insulating film LPAS is formed on the transparent storage
capacitance electrode MIT by CVD. The gate lines GL are
formed the lower insulating film LPAS by sputtering, and
then, are patterned by the second photo-process.

[0409] FIG. 56A is a plan view of one pixel region when a
third photo-process is completed, and FIG. 56B is a sectional
view taken along line b-b' in FIG. 56A. The gate insulating
film GSN made of silicon nitride and the semiconductor layer
SEM made of amorphous silicon are stacked on the gate lines
GL by CVD. A conductive film serving as a line material is
formed the semiconductor layer SEM by sputtering.

[0410] After the stacked film is formed by CVD and sput-
tering, a photoresist is formed on the stacked film, and this
photoresist is exposed by use of a halftone photomask,
whereby a region of the dataline DL and the source electrode
SM and a region of the semiconductor layer SEM are formed.
[0411] FIG. 57A is a plan view of one pixel region when a
fourth photo-process is completed, and FIG. 57B is a sec-
tional view taken along line b-b' in FIG. 57A. A transparent
electrode material is formed on the data line DL and the
source electrode SM by sputtering, and the transparent pixel
electrode PIT is formed by the photo-etching process. The
transparent pixel electrode PIT directly covers the source
electrode SM, whereby the transparent pixel electrode PIT is
electrically connected to the source electrode SM.

[0412] FIG. 58A is a plan view of one pixel region when a
fifth photo-process is completed, and FIG. 58B is a sectional
view taken along line b-b' in FIG. 58A. The protection insu-
lating film PAS is formed on the transparent pixel electrode
PIT. The fifth photo-process is a photo-etching process for
forming an opening on the protection insulating film PAS.
The opening is not formed in the screen region DIA in FIG.
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58. The opening is a contact hole for connecting the gate line
GL or the data line DL to the transparent common electrode
CIT in the peripheral region outside the screen region DIA.
[0413] FIG. 59A is a plan view of one pixel region when a
sixth photo-process is completed, and FIG. 59B is a sectional
view taken along line b-b' in FIG. 59A. After the transparent
conductive film is formed on the protection insulating film
PAS, the transparent common electrode CIT is formed by the
photo-etching process.

[0414] As described above, the processing of the second
transparent substrate SUB2 in the liquid crystal display
device according to the present seventh embodiment is com-
pleted through six photo-etching processes in total.

Eighth Embodiment

[0415] Referring to FIGS. 60~62, aliquid crystal panel ofa
eighth embodiment will be described.

[0416] FIG. 60 is a detailed plan view illustrating one pixel
region in the liquid crystal display device according to the
eighth embodiment of the present application, FIG. 61 is a
sectional view taken along line 61-61'in FIG. 60, and FIG. 62
is a sectional view taken along line 62-62' in F1G. 60.
[0417] The present eighth embodiment is characterized in
that a common electrode metal line MSL made of a metal
material is directly connected below a transparent common
electrode CIT above data line DL so as to be overlapped with
the data line DL in a plan view for reducing a wiring delay of
the transparent common electrode CIT. With this configura-
tion, the wiring delay of the transparent common electrode
CIT is small, and satisfactory image quality can be realized
with high aperture ratio and low power consumption, even if
the liquid crystal display device has a large screen.

[0418] FIG. 60 is a plan view illustrating a thin-film tran-
sistor TFT, one pixel region enclosed by gate lines GL and
data lines DL, and a part of the neighboring pixel region
adjacent to this pixel region. In this plan view, the common
electrode metal line MSL that is made of a metal line smaller
than the data line DL is disposed to be overlapped with the
data line DL as viewed in a plane, in addition to the compo-
nents in the plan views in FIGS. 49A and 49B in the seventh
embodiment. The common electrode metal line MSL crosses
the gate line GL and extends over the plurality of pixel
regions.

[0419] FIG. 61 is a sectional view taken along line 61-61'in
FIG. 60. FIG. 61 illustrates the pixel region enclosed by the
adjacent data lines DL. A transparent storage capacitance
electrode MIT is disposed at the lowermost layer, a lower
insulating film LPAS and a gate insulating film GSN are
disposed on the transparent storage capacitance electrode
MIT, and the data line DL are disposed thereon, the data line
DL including a semiconductor layer SEM formed below the
data line DL. A transparent pixel electrode PIT is disposed
between the adjacent data lines DL. A protection insulating
film PAS is disposed on the transparent pixel electrode PIT,
and a transparent common electrode CIT having a slit is
formed on the protection insulating film PAS. An electric field
applied between the transparent common electrode CIT and
the transparent pixel electrode PIT drives a liquid crystal
layer LC.

[0420] The transparent common electrode CIT widely cov-
ers the data line DL from above with the protection insulating
film PAS interposed therebetween. This configuration brings
an effect of shielding unnecessary electric field of the data
line DL to enhance an aperture ratio. However, this transpar-
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ent common electrode CIT mostly covers the data line DL, so
that it forms a large capacitance with the data line DL. Since
each of the data lines DL is made of a low-resistance metal
line, the wiring delay is not generated. However, when a
screen size is increased, uniformity in an image might be
deteriorated due to the wiring delay, since the transparent
common electrode CIT is made of a high-resistance material
such as indium tin oxide ITO.

[0421] In the present eighth embodiment, the common
electrode metal line MSL made of copper Cu is disposed on
the protection insulating film PAS and below the transparent
common electrode CIT. This common electrode metal line
MSL has low resistance, and the common electrode metal line
MSL is in contact with the transparent common electrode
CIT. Consequently, the wiring delay of the transparent com-
mon electrode CIT can significantly be reduced, whereby
satisfactory image uniformity can be realized even in a large
screen.

[0422] The common electrode metal line MSL is disposed
above the data line DL, and its width is set to be smaller than
the width of the transparent common electrode CIT in order to
prevent the reduction in the aperture ratio. In addition, the
width of the common electrode metal line MSL is set to be
equal to or smaller than the width of the data line DL. With
this configuration, a liquid crystal display device having high
aperture ratio and excellent uniformity in image quality can
be realized even in a large screen.

[0423] FIG. 62 is a sectional view taken along line 62-62' in
FIG. 60.FIG. 62 is a sectional view taken along the data line
DL crossing the adjacent gate line GL in a plan view. The
transparent storage capacitance electrode MIT is disposed
below the adjacent gate line GL with a lower insulating film
LPAS interposed therebetween. The data line DL integral
with the semiconductor layer SEM is disposed above the
adjacent gate line GL with the gate insulating film GSN
interposed therebetween. The protection insulating film PAS
is formed on the data line DL, and the common electrode
metal line MSL and the transparent common electrode CIT
are disposed on the protection insulating film PAS so as to
cover the data line DL and cross two gate lines GL. The
common electrode metal line MSL is connected to the trans-
parent common electrode CIT, whereby the wiring delay is
reduced.

Ninth Embodiment

[0424] Referring to FIGS. 63 and 64, a liquid crystal panel
of a ninth embodiment will be described.

[0425] FIGS. 63 and 64 are sectional views of the liquid
crystal display device according to the ninth embodiment of
the present application. The planar configuration of the pixel
region in the present ninth embodiment is similar to thatin the
seventh embodiment, so that the description thereof will not
be given. FIG. 63 corresponds to the sectional view taken
along line 63-63' in FIG. 49A. FIG. 64 corresponds to the
sectional view taken along line 64-64' in FIG. 49A.

[0426] According to the present ninth embodiment, the
positioning accuracy in the exposure process can be
improved, and an aperture ratio can be enhanced in a higher-
definition liquid crystal display device. In general, an expo-
sure using a photomask during a TFT process is executed by
using a pattern formed by exposing and etching a metal film
on a first layer as a reference. Methods of reading and recog-
nizing the pattern include a method of detecting a border
based on reflectivity of a film, and a method of detecting a
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difference in level. However, in the above seventh embodi-
ment, the first layer is the pattern of the transparent storage
capacitance electrode MIT. Therefore, the accuracy in detect-
ing the border by the measurement of reflectivity is deterio-
rated, compared to a metal material. Since the thickness of the
transparent storage capacitance electrode MIT is smaller than
the gate line GIL, a difference in level is difficult to be
detected. Although the detail is not described in the manufac-
turing process according to the above first embodiment, in the
positioning during the exposure process, the transparent stor-
age capacitance electrode MIT is firstly formed on the second
transparent substrate SUB2, and this pattern is used as a
positioning reference upon processing the gate line GL. Inthe
process after the gate line GL is processed, the pattern of the
gate line GL is used as a positioning reference. Accordingly,
the positioning accuracy becomes high in the succeeding
processes.

[0427] On the other hand, different from the above seventh
embodiment, the procedure is changed such that the first layer
becomes the gate line GL in order to enhance the positioning
accuracy in the present ninth embodiment. The planar struc-
ture of the pixel region is similar to that in the seventh embodi-
ment, but the sectional structure is different.

[0428] In the seventh embodiment, the transparent storage
capacitance electrode MIT is formed on the second transpar-
ent substrate SUB2, the lower insulating film LPAS is
formed, and then, the gate lines GL are formed. On the other
hand, in the ninth embodiment, the gate lines GL are formed,
the lower insulating film LPAS is formed, and then, the trans-
parent storage capacitance electrode MIT is formed. This is
the different point from the above seventh embodiment in the
thin-film stacked structure formed on the second transparent
substrate SUB2.

[0429] From the viewpoint of the operation of the semicon-
ductor layer SEM, the actual gate insulating film is a stacked
layer of the lower insulating film LPAS and the gate insulating
film GSN. The transparent storage capacitance electrode MIT
is disposed between the lower insulating film LPAS and the
gate insulating film GSN. According to this configuration, the
transparent storage capacitance electrode MIT extends over
the plurality of pixel regions without being short-circuited
due to the presence of the gate insulating film GSN, even if it
crosses the data line DL in a plan view, and further, the
transparent storage capacitance electrode MIT can extend
over a plurality of pixel regions without being short-circuited
due to the presence of the lower insulating film LPAS, even if
it crosses the gate line GL in a plan view, as in the above
seventh embodiment. Consequently, the aperture ratio can be
improved. In addition, the gate line GL can be used as a
reference mark during the exposure process, whereby the
positioning accuracy is enhanced, and the aperture ratio can
be increased.

[0430] FIG. 64 illustrates a region where the transparent
storage capacitance electrode MIT disposed above the lower
insulating film LPAS crosses the gate line GL in a plan view
above the gate line GL. The transparent storage capacitance
electrodes MIT, which are adjacent to each other in the lon-
gitudinal direction of the data line DL across the gate line GL,
in the plurality of pixel regions are connected to each other,
and the transparent storage capacitance electrodes MIT,
which are adjacent to each other in the longitudinal direction
of the gate line GL across the data line DL, in the plurality of
pixel regions are connected to each other. Specifically, the
transparent storage capacitance electrodes MIT are con-
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nected in a matrix. According to this configuration, the wiring
delay time can be shortened, whereby a liquid crystal display
device that can display a uniform image can be provided.

Tenth Embodiment

[0431] Referringto FIGS. 65~74, aliquid crystal panel of a
tenth embodiment will be described.

[0432] FIG. 65 is a detailed plan view illustrating one pixel
region, FIG. 66 is a sectional view taken along line 66-66' in
FIG. 65, and FIG. 67 is a sectional view taken along line
67-67" in FIG. 65. In the present tenth embodiment, the posi-
tioning accuracy in data line DL and a transparent pixel
electrode PIT during an exposure process is improved by
changing a sectional structure of a pixel region and a TFT
manufacturing process. An aperture ratio can be enhanced
compared to those in the above seventh to ninth embodi-
ments.

[0433] FIG. 65 is a plan view illustrating a thin-film tran-
sistor TFT, one pixel region enclosed by gate lines GL and
data lines DL, and a part of the neighboring pixel region
adjacent to this pixel region. The different point between the
planar structure of the pixel region according to the present
tenth embodiment and those in the seventh to ninth embodi-
ments is that the outline of the patterns of the data line DL, a
source electrode SM, and the transparent pixel electrode PIT
are integrated. In the manufacturing process, the transparent
electrode material for the transparent pixel electrode PIT and
the metal material for the data line DL are continuously
formed, and they are processed in the same exposure process,
whereby the transparent pixel electrode PIT and the data line
DL have the same outline. It results in preventing the posi-
tional deviation between the data line DL and the transparent
pixel electrode PIT disposed on a gate insulating film GSN,
whereby the aperture ratio can be increased. The configura-
tion for realizing the above structure will be described below.
[0434] Eachofthe gatelines GL is made of a low-resistance
metal layer. The gate lines GL are connected to the scanning
line drive circuit in FIG. 1, and a scanning-voltage is applied
to the gate lines GL from the scanning line drive circuit. On
the other hand, each of the data lines DL is also made of a
low-resistance metal layer, and a video-data voltage is
applied to the data lines DL. In the case where a gate-on
voltage is applied to the gate lines GL, the resistance of a
semiconductor layer SEM of the thin-film transistor becomes
low, whereby the voltage of the data lines DL is transmitted to
the source electrode SM made of a low-resistance metal layer,
and also transmitted to the transparent pixel electrode PIT
connected to the source electrode SM.

[0435] A common voltage that is another voltage applied to
a liquid crystal layer is applied to a transparent common
electrode CIT and a transparent storage capacitance electrode
MIT from the common electrode drive circuit in FIG. 1. The
transparent pixel electrode PIT is stacked on the transparent
storage capacitance electrode MIT with an insulating film
interposed therebetween. The transparent common electrode
CITisalso stacked on the transparent pixel electrode PIT with
an insulating film interposed therebetween, wherein the
transparent common electrode CIT has a plurality of slits
formed therein.

[0436] The transparent storage capacitance electrode MIT
is also connected to the common electrode drive circuit in
FIG. 1, and the common voltage is applied to the transparent
storage capacitance electrode MIT from the common elec-
trode drive circuit. As described above, in the present tenth
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embodiment, the transparent common electrode CIT having
the slits, the transparent pixel electrode PIT, and the transpar-
ent storage capacitance electrode MIT are formed on the pixel
region. These three transparent conductive films are formed
by different processes. The transparent pixel electrode PIT is
connected to the source electrode SM, and disposed indepen-
dently on each pixel region. On the other hand, the transparent
storage capacitance electrode MIT and the transparent com-
mon electrode CIT are connected in the form of a network
over the entire screen region DIA to cover the plurality of
pixel regions.

[0437] The transparent pixel electrode PIT has a planar
pattern disposed independently in each pixel region. The
transparent pixel electrode PIT and the source electrode SM
are integrally formed, and connected to each other. The outer
boundaries of the adjacent transparent pixel electrodes PIT
are separated across the data line DL and the gate line GL
respectively.

[0438] The transparent storage capacitance electrode MIT
is disposed below the transparent pixel electrode PIT with the
insulating film interposed therebetween. The transparent stor-
age capacitance electrode MIT is formed into a substantially
rectangular planar pattern in the pixel region. The transparent
storage capacitance electrodes MIT that are adjacent to each
other in the longitudinal direction of the gate line GL across
the data line DL are connected to each other by a connection
portion below the data lines DL. The transparent storage
capacitance electrodes MIT that are adjacent to each other in
the longitudinal direction of the data line DL across the gate
line GL are also connected to each other by the connection
portion below the gate line GL. As described above, the
transparent storage capacitance electrodes MIT are con-
nected in a matrix to reduce the wiring delay time. According
to the configuration of shortening the wiring delay time, a
liquid crystal display device having high display uniformity
can be realized.

[0439] In FIG. 65 of the present tenth embodiment, the
space between the transparent pixel electrode PIT and the
data line DL is set to be small, and further, the transparent
common electrode CIT is disposed above the space. In this
case, the transparent common electrode CIT has a function of
shielding the data lines DL.

[0440] FIG. 66 is a sectional view taken along line 66-66' in
FIG. 65. The components, their functions, and used materials
in the cross-sectional structure will be described. The trans-
parent storage capacitance electrode MIT is disposed on a
second transparent substrate SUB2, a lower insulating film
LPAS isdisposed on the transparent storage capacitance elec-
trode MIT, and the gate lines GL are disposed on the lower
insulating film LPAS. The gate insulating film GSN is dis-
posed on the gate lines GL, and the semiconductor layer SEM
is formed on the gate insulating film GSN.

[0441] The semiconductor layer SEM and the data line DL
as well as the source electrode SM are connected with the
transparent pixel electrode PIT interposed therebetween. This
is achieved such that, after the semiconductor layer SEM is
processed to have an island pattern, the transparent electrode
material of the transparent pixel electrode PIT is formed, the
metal line material of the data line DL is continuously
formed, and then, these materials are processed in the same
exposure process. With this process, the transparent electrode
material formed by the same process as the transparent pixel
electrode PIT is formed below the data line DL and the source
electrode SM in the present tenth embodiment.
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[0442] The protection insulating film PAS is formed on the
data line DL, the source electrode SM, and the transparent
pixel electrode PIT. The transparent common electrode CIT is
formed on the protection insulating film PAS.

[0443] FIG. 67 is a sectional view taken along line 67-67" in
FIG. 65. FIG. 67 is a sectional view illustrating three pixels
with the data line DL defined as a border.

[0444] In FIG. 67, the cross-sectional structure is divided
into two regions in an in-plane direction, the two regions
being a pixel border region where the black matrix BM or the
data line DL that does not transmit light is located, and an
opening region that transmits light. Space regions LDPR and
LDPL between the data line DL, and the transparent pixel
electrode PIT are formed on both sides of the data line DL.
The transparent common electrode CIT covering the data line
DL is formed to be wider than the data line DL. This is for
shielding the unnecessary noise electric field from the data
line DL from entering the liquid crystal layer LC. When the
width ofthe transparent common electrode CIT protruding in
the in-plane direction from the data line DL is small, mal-
function might occur. However, when the protruding width
becomes too large, the transmittance of the opening region is
reduced. This is because the liquid crystal display device
according to the present embodiment drives the liquid crystal
by the electric field applied between the transparent pixel
electrode PIT and the transparent common electrode CIT. The
drive electric field enters the liquid crystal layer LC from the
transparent pixel electrode PIT via the protection insulating
film PAS, is folded, and reaches the transparent common
electrode CIT covering the data line DL. Specifically, the
drive electric field is reduced, and the transmittance is
reduced above the portion of the transparent common elec-
trode CIT, the portion being apart from the transparent pixel
electrode PIT.

[0445] Thespace regions LDPR and LDPL have to be set as
small as possible within a range where the electric field noise
from the data line DL to the liquid crystal layer LC is sup-
pressed. In the cross-sectional structure in FIG. 51 in the
above seventh embodiment, the data line DL and the trans-
parent pixel electrode PIT are processed with the different
exposure processes. Therefore, the space between the trans-
parent pixel electrode PIT and the data line DL is different
between one side and the other side of the data line DL in the
widthwise direction, when positional deviation occurs during
the exposure process in which the transparent pixel electrode
PITisused as a reference. In this case, the protruding width of
the transparent common electrode CIT, which covers the data
line DL, from the data line DL becomes small at the side
where the space is small. Specifically, the shielding effect is
insufficient, so that the electric field noise might enter the
liquid crystal layer LC to cause malfunction. One of the
countermeasures against this situation is to set the original
space between the data line DL and the transparent pixel
electrode PIT to be wider. However, according to this struc-
ture, the drive electric field is reduced, and the transmittance
is significantly reduced.

[0446] In the present tenth embodiment, the transparent
pixel electrode PIT and the data line DL are continuously
formed, and then, patterned in the same exposure process.
Therefore, the space regions LDPR and LDPL between the
data line DL and the transparent pixel electrode PIT always
have the same size, which results in that the positional devia-
tion does not occur. Accordingly, the transmittance of the
opening region can be increased, whereby a liquid crystal
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display device with low power consumption can be provided.
Even if the space regions LDPR and LDPL are set to be small,
the data line DL and the transparent pixel electrode PIT donot
generate short-circuit failure due to the positional deviation in
the exposure process, whereby a yield can be increased.
[0447] FIGS. 68A to 74B each illustrate a manufacturing
process of a stacked body including the thin-film transistor
TFT formed on the second transparent substrate SUB2
according to the present tenth embodiment. FIGS. 68A, 69A,
T0A,T1A,72A,73A, 7T4A are plan views each illustrating one
pixel region, and FIGS. 68B, 69B, 70B, 71B, 72B, 73B, 74B
are sectional views each taken along line b-b' in the corre-
sponding plan view. FIGS. 68A to 74B each illustrate each
photographic processing process (photo-process).

[0448] FIG. 68A is a plan view of one pixel region, when a
first photo-process is completed, and FIG. 68B is a sectional
view taken along line b-b' in FIG. 68A. The transparent stor-
age capacitance electrode MIT is patterned by the first photo-
process after being formed on the second transparent sub-
strate SUB2 by sputtering. After a transparent electrode
material is formed, a photo-etching process is performed to
the transparent electrode material to thereby form the trans-
parent storage capacitance electrode MIT. The transparent
storage capacitance electrode MIT has generally a rectangu-
lar shape in each pixel region, and has a connection portion
that is connected in the longitudinal direction of the gate lines
GL and in the longitudinal direction of the data lines DL.
[0449] FIG. 69A is a plan view of one pixel region, when a
second photo-process is completed, and FIG. 69B is a sec-
tional view taken along line b-b' in FIG. 69A. The lower
insulating film LPAS is formed on the transparent storage
capacitance electrode MIT by CVD. The gate lines GL are
formed on the lower insulating film LPAS by sputtering, and
then, patterned by the second photo-process. The connection
portion of the transparent storage capacitance electrode MIT
overlaps the gate line GL in a plan view. The first and second
photo-processes described above are similar to those in the
tenth embodiment.

[0450] FIGS. 70A and 70B illustrate the state in which,
after the completion of the second photo-process, the gate
insulating film GSN and the semiconductor layer SEM are
stacked on the gate lines GL by chemical vapor deposition
CVD, and a COME 1is further formed on the semiconductor
layer SEM by sputtering. The semiconductor layer SEM is a
stacked body including a low concentration amorphous sili-
con layer SEMI including few N-type semiconductor, and an
N-type semiconductor amorphous silicon layer SEMN to
which phosphoris doped in high concentration. Molybderum
Mo is formed on the N-type semiconductor layer SEMN with
the second transparent substrate SUB2 being heated. A sili-
cide layer COSI (illustrated in FIG. 71) is formed with the
film formation involving the heating process. Although not
illustrated in FIG. 70, the molybdenum Mo is removed by wet
etching, and the silicide layer COSI serving as a reaction layer
remains as a surface layer.

[0451] FIG. 71A is a plan view of one pixel region when a
third photo-process is completed, and FIG. 71B is a sectional
view taken along line b-b' in FIG. 71A. After molybdenum
Mo is removed, a photoresist is applied on the silicide layer
COSI. Then, an exposure and development are performed by
using a photomask, and the silicide layer COSI and the semi-
conductor layer SEM are removed by etching to form an
island pattern. The silicide layer COSI reduces connection
resistance between the transparent pixel electrode PIT and the
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semiconductor layer SEM during the later-described forma-
tion of the transparent pixel electrode PIT, thereby being
capable of extracting satisfactory on/off performance as the
TFT. If this silicide layer COSI is not formed, an oxide film is
formed on the surface of the semiconductor layer SEM due to
a supply of oxygen from the transparent pixel electrode PIT,
which causes insufficient connection performance.

[0452] FIG. 72A is a plan view of one pixel region when a
fourth photo-process is completed, and FIG. 72B is a sec-
tional view taken along line b-b' in FIG. 72A. A transparent
electrode material is formed on the semiconductor layer
SEM, on which the silicide layer COSI is formed, by sputter-
ing. Then, a line material for a stacked film of molybdenum
Mo and copper Cu are formed thereon by sputtering.

[0453] A photoresist is applied on the material of the metal
line, and the material of the metal line and the transparent
electrode material are processed by using a photomask. A
halftone mask is used as the photomask during the exposure
process, whereby the transparent electrode material and the
material of the metal line can be separated into a region where
both materials are left as a pattern and a region where only the
transparent electrode material is left. The transparent elec-
trode material is always present below the region of the data
line DL and the source electrode SM. The region where only
the transparent electrode material is left is an opening thathas
a function as the transparent pixel electrode PIT to drive the
liquid crystal layer L.C and form a transmittance region. The
channel separation between the data line DL and the source
electrode SM is realized by removing the silicide layer COSI
and the N-type semiconductor layer SEMN by etching with
this resist pattern. The silicide layer COSI illustrated in FIG.
71B serves to satisfactorily keep the connection between the
transparent pixel electrode PIT, which is made of the trans-
parent electrode material, and the semiconductor layer SEM.
[0454] FIG. 73A is a plan view of one pixel region, when a
fifth photo-process is completed, and FIG. 73B is a sectional
view taken along line b-b' in FIG. 73A. The protection insu-
lating film PAS is formed on the transparent pixel electrode
PIT. The fifth photo-process is a photo-etching process for
forming an opening on the protection insulating film PAS.
The opening is not formed in the screen region DIA in FIG.
73, but it is a contact hole for connecting the gate lines GL or
the data lines DL to the transparent common electrode CIT at
the outer peripheral region of the screen region DIA.

[0455] FIG. 74A is a plan view of one pixel region when a
sixth photo-process is completed, and FIG. 74B is a sectional
view taken along line b-b'in FIG. 74A. After indium tin oxide
ITO that is a material for the transparent conductive film is
formed on the protection insulating film PAS, the transparent
common electrode CIT is formed by the photo-etching pro-
cess.

[0456] As described above, the processing of the second
transparent substrate SUB2 in the liquid crystal display
device according to the present tenth embodiment is com-
pleted through six photo-etching processes in total.

Eleventh Embodiment

[0457] Referring to FIGS. 75~87, aliquid crystal panel of a
eleventh embodiment will be described.

[0458] FIG.75 is a detailed plan view illustrating one pixel
region, FIG. 76 is a sectional view taken along line 76-76' in
FIG. 75, and FIG. 77 is a sectional view taken along line
77-77 in FIG. 75.
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[0459] FIG. 75 is a plan view illustrating a thin-film tran-
sistor TFT, aregion of one pixel enclosed by gate lines GL and
data lines DL, and the region including the neighboring pixels
adjacent to this pixel region, all of which are illustrated in
FIG. 1. FIG. 75 illustrates the planar arrangement and func-
tions of the components. Each of the gate lines GL is made of
a low-resistance metal layer. The gate lines GL are connected
to the scanning line drive circuit in FIG. 1, and a scanning-
voltage is applied to the gate lines GL from the scanning line
drive circuit. On the other hand, each of the data lines DL is
also made of a low-resistance metal layer, and video-signal
voltage is applied to the data lines DL. When a scanning-
voltage that turns on a gate is applied to the gate lines GL, a
semiconductor layer SEM of the thin-film transistor becomes
a low-resistance state, whereby the video-signal voltage of
the data lines DL is applied to a source electrode SM made of
a low-resistance metal layer, and also applied to a transparent
pixel electrode PIT (ITO2) connected to the source electrode
SM via a contact hole. Since the transparent electrode mate-
rial used for the transparent pixel electrode PIT is used not
only for the transparent pixel electrode PIT but also a terminal
portion used for the connection to an external device of a
liquid crystal display panel, this transparent electrode mate-
rial is referred to as [TO2.

[0460] A common voltage, which is another voltage
applied to a liquid crystal layer LC, is applied to a first
transparent common electrode CT1 (ITO1) from the common
electrode drive circuit in FIG. 1 via a common electrode metal
line MSL. The first transparent common electrode CT1
(ITO1) is made of a first transparent electrode material ITO1.
The transparent pixel electrode PIT (ITO2) and the first trans-
parent common electrode CT1 (ITO1) are stacked with an
insulating film interposed therebetween. In addition, the first
transparent common electrode CT1 (ITO1) is formed with a
slitin one pixel region. This slitis formed such that an electric
field from the transparent pixel electrode PIT reaches the first
transparent common electrode CT1 (ITO1) from the upper
surface via the liquid crystal layer LC. This electric field
drives the liquid crystal layer L.C, whereby a display is real-
ized.

[0461] On the other hand, a second transparent common
electrode CT2 (ITO3) is connected to the common electrode
drive circuit illustrated in FIG. 1, and the common voltage is
applied to the second transparent common electrode CT2
from the common electrode drive circuit. The second trans-
parent common electrode CT2 (ITO3) is stacked on the trans-
parent pixel electrode PIT (ITO2) with an insulating film
interposed therebetween to form a storage capacitance STG.
As described above, in the present embodiment, the first
transparent common electrode CT1 (ITO1) having the slit,
the transparent pixel electrode PIT (ITO2), and the second
transparent common electrode CT2 (ITO3) are formed in the
pixel region. The above three transparent electrode material
layers ITO1, ITO2, and ITO3 are formed by different pro-
cesses during the manufacturing process.

[0462] The firsttransparent common electrode CT1 (ITO1)
corresponds to a second common electrode in the liquid crys-
tal display device according to the present application, and
the second transparent common electrode CT2 (ITO3) corre-
sponds to a first common electrode in the liquid crystal dis-
play device according to the present application.

[0463] FIG. 76 is a sectional view taken along line 76-76' in
FIG. 75. The components, their functions, and used materials
in the cross-sectional structure will be described.
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[0464] A gate insulating film GSN is formed on the gate
lines GL. A semiconductor layer SEM is disposed to be
processed into an island shape on the gate line GL.

[0465] The data line DL and the source electrode SM are
formed to apply the video-signal voltage to the semiconduc-
tor layer SEM.

A protection insulating film PAS is formed on the data line DL
and the source electrode SM. An interlayer insulating film
ORG is formed on the protection insulating film PAS. A
photosensitive organic material including acryl as a main
composition is used for the interlayer insulating film ORG.
The organic material has a relative dielectric constant of 4 or
less, which is lower than 6.7 of silicon nitride. The organic
material can be formed to be thicker than silicon nitride due to
the manufacturing process. In the present embodiment, the
thickness of the organic material is set to be 1.5 pm to 3 pm.

[0466] According to the interlayer insulating film ORG
having reduced relative dielectric constant and increased
thickness, the wiring capacitance formed by the capacitance
between the second transparent common electrode CT2
(ITO3) and the data line DL or the gate line GL can signifi-
cantly be reduced. Accordingly, it is obvious that a wiring
delay of the second transparent common electrode CT2 that
uses the transparent conductive film material ITO3 having
relatively high resistance can also be reduced. Consequently,
aliquid crystal display device having relatively a large screen
can be obtained, even if a low-resistance metal line is not
formed and connected to the second transparent common
electrode CT2 (ITO3).

[0467] A set of the protection insulating film PAS and the
interlayer insulating film ORG corresponds to a third insulat-
ing film in a liquid crystal display device according to the
present application, and the interlayer insulating film ORG
corresponds to an organic insulating film in the liquid crystal
display device according to the present application.

[0468] The second transparent common electrode CT2
forms the storage capacitance STG in the pixel region with
the transparent pixel electrode PIT (ITO2) formed with the
second insulating film SNG2 (SIN2) interposed therebe-
tween. The storage capacitance STG can prevent the attenu-
ation of the video-signal voltage, applied with the thin-film
transistor TFT being turned on, during the storage operation
period.

[0469] The second insulating film SNG2 (SIN2) corre-
sponds to a first insulating film in the liquid crystal display
device according to the present application.

[0470] The transparent pixel electrode PIT (ITO2) is elec-
trically connected to the source electrode SM via the contact
hole formed on the protection insulating film PAS, the inter-
layer insulating film ORG, and the second insulating film
SNG2. The transparent pixel electrode PIT has a closed pla-
nar pattern in each pixel region separated by the gate lines GL
and the data lines DL, which are arranged in a matrix. When
a scanning-voltage that turns on a gate is applied to the gate
lines GL, the semiconductor layer SEM becomes a low resis-
tance state, whereby the video-signal voltage is applied to the
transparent pixel electrode PIT via the source electrode SM
from the data lines DL. Each pixel region is charged by the
potential difference between the video-signal voltage applied
to the transparent pixel electrode PIT and the common volt-
age applied to the first transparent common electrode CT1
and the second transparent common electrode CT2.
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[0471] The first insulating film SNG1 (SIN1) corresponds
to a second insulating film in the liquid crystal display device
according to the present application.

[0472] The first transparent common electrode CT1 (ITO1)
is disposed on the transparent pixel electrode PIT with the
protection insulating film PAS interposed therebetween. In
general, holding characteristics are maintained by the capaci-
tance formed by the stacked structure of the first transparent
common electrode CT1 and the transparent pixel electrode
PIT. However, in the present embodiment, the storage capaci-
tance can be increased between the transparent pixel elec-
trode PIT and the second transparent common electrode CT2,
whereby more satisfactory holding characteristics can be
maintained. Thus, a liquid crystal display device with excel-
lent image quality can be provided.

[0473] FIG. 77 is a sectional view taken along line 77-77"in
FIG. 75. FIG. 77 is a sectional view of three pixels with the
data line DL being defined as a border. The pixel at the center
corresponds to a green color filter CF(G) in a color filter CF
disposed in a vertical stripe shape. The pixels at the left and at
the right of the pixel at the center correspond to a red color
filter CF(R) and a blue color filter CF(B), respectively. A
black matrix BM is disposed on the inner surface of a first
transparent substrate SUB1 on the border of the pixel regions,
where the data line DL is located, across the liquid crystal
layer LC.

[0474] In FIG. 77, the cross-sectional structure is divided
into two regions that are a pixel shielding region where the
black matrix BM or the data line DL is located, and an
opening region that transmits light. The structure and opera-
tion of the opening region will firstly be described.

[0475] In the opening region, the video-signal voltage and
the common voltage are respectively applied to the transpar-
ent pixel electrode PIT (ITO2) and the transparent common
electrode CT1, and an electric field generated between these
electrodes is applied to the liquid crystal layer L.C. The inten-
sity of the elliptically polarized light in the liquid crystal layer
LC is changed due to the intensity of the electric field,
whereby transmittance is controlled to realize a tone image.
Since the liquid crystal display device according to the
present embodiment is a liquid crystal display device of an
in-plane switching (IPS) system, it is set such that the trans-
mittance becomes the maximum to provide a white image,
when the maximum potential difference is applied. When the
potential difference between the transparent pixel electrode
PIT and the first transparent common electrode CT1 is
decreased, the transmittance is reduced to provide a black
image. The maximum transmittance when the maximum
potential difference is applied may merely be referred to as
transmittance.

[0476] Liquid crystal molecules LCM made of an organic
material are filled in the liquid crystal layer LC. The long axes
of the liquid crystal molecules LCM are aligned on the sur-
face of an orientation film AL1 disposed on the inner surface
of the first transparent substrate SUBI and the surface of an
orientation film AL2 disposed on the inner surface of the
second transparent substrate SUB2 by an orientation process.
In the first transparent common electrode CT1 having a plu-
rality of slits, the electrode width is L, and the space between
the electrodes is S. The transparent pixel electrode PIT is
present below the slit, which is the slit width S, with the
protection insulating film PAS interposed therebetween.
Therefore, when the potential difference between the trans-
parent pixel electrode PIT and the first transparent common
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electrode CT1 increases, the electric field having electric line
of force folded in the liquid crystal layer LC is formed. The
maximum electric field region is formed on the border of the
electrode width L and the slit width S, which is the slit, of the
first transparent common electrode CT1. Therefore, the rota-
tion of the liquid crystal molecules LCM increases around the
border of the electrode width L and the slit width S, so that
transmittance is increased. On the contrary, the electric field is
weak around the center of the electrode width L or the slit
width S, so that the rotation of the liquid crystal molecules
LCM decreases around this region, and the transmittance is
decreased. Specifically, the pixel region has a transmittance
distribution in the transverse direction in the sectional view in
FIG. 77. Therefore, when the width L or the slit width S of the
first transparent common electrode CT1 is increased, the elec-
tric field around the center of the electrode width L or the slit
width S is decreased, so that the transmittance is reduced.
Therefore, the electrode width L and the slit width S, which is
the slit, of the first transparent common electrode CT1 has to
be finely set in consideration of the thickness of the liquid
crystal layer LC.

[0477] In order to realize a bright liquid crystal display
device with low power consumption, the width of the black
matrix BM or the width of the data line DL has to be
decreased, the black matrix BM and the data line DL being a
light shielding region of a data line DL on the border of the
pixel regions. With this, the aperture ratio can be increased. In
addition, the width of the transparent pixel electrode PIT has
to be increased to the light shielding region in order to
increase the driving region of the liquid crystal layer LC.
Specifically, the distance Lds between the transparent pixel
electrode PIT and the adjacent data line DL has to be
decreased. In addition, it is necessary to consider that, in the
transmittance distribution in the transverse direction in one
pixel, the transmittance at the border of the electrode width L
and the slit width S, which is the slit, of the first transparent
common electrode CT1 becomes the maximum, and the
transmittance in the vicinity of the center of the electrode
width L and the slit width S which is the slit is low.

[0478] FIG. 78 illustrates a calculation result of the trans-
mittance distribution in the opening region in FIG. 77. The
electrode width L and the slit width S, which is the slit, of the
first transparent common electrode CT1 are respectively 4 pm
and 6 pm as illustrated in FIG. 77 in the present embodiment.
[0479] The transmittance is periodically increased and
decreased in the transverse direction of the sectional struc-
ture. The transmittance is a relative value. The maximum
transmittance is obtained at the end of the first transparent
common electrode CT1. The electric field EF from the first
transparent common electrode CT1 to the transparent pixel
electrode PIT via the liquid crystal layer LC becomes the
maximum at the end of the transparent common electrode
CT1. On this portion, the rotation angle of the liquid crystal
molecules in the liquid crystal layer LC becomes the maxi-
mum, so that the transmittance becomes the maximum. The
portion where the transmittance is decreased is in the vicinity
of the center of the electrode width L and the vicinity of the
center of the slit width S, which is the slit, of the first trans-
parent common electrode CT1. In this portion, the electric
field EF becomes weak. The reason why the transmittance is
the minimum in the vicinity of the center of the slit width S is
because the intensity of the electric field EF is low.

[0480] Therefore, in orderto enhance the transmittance, the
portion where the electric field EF is strong is densely formed.
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Specifically, the electrode width I and the slit width S of the
first transparent common electrode CT1 has to be set as small
as possible within the range where the electric field can be
formed between the upper and lower electrodes. In order to
keep the relative transmittance illustrated in FIG. 78 as 50%
or higher at all times, the first transparent common electrode
CT1 has to be formed such that the electrode width [ and the
slit width S are equal to each other as much as possible.
[0481] Attention has to be similarly paid to the relationship
described above for the light shielding region around the
black matrix BM and the data line DL, the light shielding
region greatly affecting the aperture ratio of the pixel region.
[0482] The structure of the pixel light shielding region of
the black matrix BM or the data line DL will next be
described. FIGS. 79 and 80 are sectional views illustrating the
detail of the border between the adjacent pixels in a dotted
frame in FIG. 77.

[0483] In order to improve the aperture ratio and transmit-
tance, it is necessary to set a size of each electrode in the light
shielding region illustrated in FIGS. 79 and 80 within a range
not increasing other factors adversely affecting the display
performance of the liquid crystal display device.

[0484] The factors for deteriorating the display perfor-
mance include an influence of a wiring electric field in which
an electric field generated from the data lines or gate lines
leaks to the display region, an increase in coupling capaci-
tance between each line and the pixel electrode due to the
wiring electric field, an influence of an electric field leaking
from the pixel electrode to the adjacent pixel region, and an
increase in coupling capacitance between the adjacent pixel
electrodes due to the electric field from the pixel electrode.
[0485] As illustrated in FIGS. 79 and 80, the second trans-
parent common electrode CT2 superimposed on the whole
surface of the display region with the protection insulating
film PAS and the interlayer insulating film ORG interposed
therebetween on the data line DL becomes a countermeasure
against the wiring electric field in the present embodiment.
The electric field from the data line DL is shielded by the
relatively thick layer having the protection insulating film
PAS and the interlayer insulating film ORG, and the second
transparent common electrode CT2 formed thereon. There-
fore, the electric field from the data line DL does not reach the
liquid crystal layer LC. The generation of coupling capaci-
tance between the data line DL and the transparent pixel
electrode PIT is also prevented. The same applies to the gate
line GL.

[0486] A countermeasure against the electric field from the
pixel electrode will next be described. In order to increase the
aperture ratio, it is preferable to increase the area of the
transparent pixel electrode PIT in each pixel region as much
as possible to decrease the distance Ps between the transpar-
ent pixel electrodes in the adjacent pixel regions. On the other
hand, when the distance Ps between the adjacent pixel elec-
trodes is decreased, coupling capacitance increases between
the adjacent pixel electrodes.

[0487] In the present embodiment, the first transparent
common electrode CT1 is disposed above the distance Ps on
the border between the adjacent transparent pixel electrodes
PIT, and the second transparent common electrode CT2 is
disposed below the distance Ps. The thickness of the first
insulating film SNG1 and the second insulating film SNG2
disposed above and below the transparent pixel electrode PIT
is smaller (thinner) than the distance Ps. Therefore, the elec-
tric field EF generated from the transparent pixel electrode



US 2016/0062203 A1

PIT directs toward the first transparent common electrode
CT1 and the second transparent common electrode CT2,
which are closer to the transparent pixel electrode PIT than
the adjacent transparent pixel electrode, whereby the electric
field directing toward the adjacent transparent pixel electrode
is reduced. Accordingly, the coupling capacitance between
the adjacent two pixel electrodes is difficult to be generated,
which results in that the distance Ps can be decreased as much
as possible. Consequently, the area of the transparent pixel
electrode PIT in each pixel region can be increased as much as
possible, which can contribute to an improvement of the
aperture ratio.

[0488] Since the first transparent common electrode CT1 is
disposed at the position superimposed with the portion
between the adjacent two transparent pixel electrodes, the
electric field from the transparent pixel electrode PIT can be
shielded, whereby the leakage of the electric field to the liquid
crystal layer LC in the adjacent pixel region can be prevented.

[0489] In order to further increase the transmittance, the
dimensional relationship among the first transparent common
electrode CT1, the black matrix BM, and the data line DL is
also important as described above.

[0490] Part (a) of FIG. 79 illustrates the case where the
black matrix BM in the light shielding region is wider than the
data line DL (i.e., the black matrix BM serves as a light
shielding region). This configuration is preferable for a high
definition liquid crystal display device having a small screen
size in which the wiring delay of the data line DL hardly
becomes the problem.

[0491] The protruding size Ls of the first transparent com-
mon electrode CT1 wider than the black matrix BM (i.e., the
distance between the edge of the slit of the first transparent
common electrode CT1 and the edge of the black matrix BM
in a plan view) is set to be smaller than a half of the slit width
S, which is the slit of the first transparent common electrode
CT1 and which is an unillustrated opening. Specifically, the
opening ofthe pixel is formed just before the edge of the black
matrix BM, whereby the transmittance can be maintained to
be high. Accordingly, the configuration described above can
realize not only a high aperture ratio but also high transmit-
tance, whereby a bright liquid crystal display device with low
power consumption can be provided.

[0492] Part(b)of FIG. 79 illustrates the case where the data
line DL is wider than the black matrix BM in the similar
cross-sectional structure (i.e., the data line DL has a function
of the light shielding region). In this case, the protruding size
Ls of the first transparent common electrode CT1 from the
data line DL (i.e., the distance between the edge of the slit of
the first transparent common electrode CT1 and the edge of
the data line DL in a plan view) is set to be smaller than a half
of the slit width S, which is the slit of the first transparent
common electrode CT1 and which is an unillustrated open-
ing. Specifically, the opening portion of the pixel is formed
just before the edge of the data line DL, whereby the trans-
mittance can be maintained to be high. Consequently, the
aperture ratio of the opening portion can be maximized.
[0493] FIG. 80 illustrates the case where the space between
the first transparent common electrodes CT1 on the data line
DL is smaller than the black matrix BM or the data line DL.
[0494] Inthecase of FIG. 80, the end of the first transparent
common electrode CT1 is inside the light shielding region
formed by the black matrix BM or the data line DL, whereby
the transmittance in the opening portion is enhanced.
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[0495] Part (a) of FIG. 80 illustrates the case in which the
relationship of black matrix BM>data line DL is established
as in part (a) of FIG. 79, and the black matrix BM has a
function of a light shielding film. In part (a) of FIG. 80, the
space between the first transparent common electrodes CT1
above the data line DL is set smaller than the black matrix
BM.

[0496] In this configuration, the area of the overlapping
portion between the end of the first transparent common
electrode CT1 and the transparent pixel electrode PIT on the
data line DL is smaller than that in the configuration illus-
trated in part (a) of FIG. 79. Therefore, storage capacitance
between the end of the first transparent common electrode
CT1 and the transparent pixel electrode PIT is difficult to be
formed. However, the distance Ps between the end of the first
transparent common electrode CT1 and the transparent pixel
electrode PIT above the data line DL (the thickness of the first
insulating film SNG1) is smaller than the distance Ps between
the adjacent two transparent pixel electrodes PIT. Therefore,
this configuration has an effect of sufficiently reducing the
coupling capacitance between the adjacent two transparent
pixel electrodes PIT.

[0497] The slit of the first transparent common electrode
CT1 is located at the end of the black matrix BM in the
opening region. Therefore, the liquid crystal display device
having high transmittance at the opening region can be pro-
vided.

[0498] Part (b) of FIG. 80 illustrates the case in which the
relationship of black matrix BM<data line DL is established
as in part (b) of FIG. 79, and the data line DL has a function
ofalight shielding film. In part (b) of FIG. 80, the width ofthe
first transparent common electrodes CT1 above the data line
DL is set smaller than the distance Ps between the adjacent
transparent pixel electrodes PIT.

[0499] In this configuration, the first transparent common
electrode CT1 and the transparent pixel electrode PIT are not
directly overlapped with each other. Therefore, the storage
capacitance between the end of the first transparent common
electrode CT1 and the transparent pixel electrode PIT is more
difficult to be formed than in the case illustrated in part (a) of
FIG. 80. However, since the distance between the end of the
first transparent common electrode CT1 and the transparent
pixel electrode PIT above the data line DL (the thickness of
the first insulating film SNG1) is sufficiently smaller than the
distance Ps between the adjacent two transparent pixel elec-
trodes PIT, the distance Ps between the end of the first trans-
parent common electrode CT1 and the transparent pixel elec-
trode PIT can be made smaller than the distance Ps between
the adjacent two transparent pixel electrodes PIT. Therefore,
this configuration also has the effect of sufficiently reducing
the coupling capacitance between the adjacent two transpar-
ent pixel electrodes PIT.

[0500] Since the slit of the first transparent common elec-
trode CT1 is located on the edge of the data line DL in the
opening region, a liquid crystal display device having high
transmittance at the opening region can be provided.

[0501] FIGS. 81A to 87B each illustrate a manufacturing
process of the thin-film transistor TFT, the wiring region, and
the opening region formed on the second transparent sub-
strate SUB2 according to the present embodiment. FIGS.
81A, 82A,83A,84A,85A, 86A, and 87A are plan views each
illustrating one pixel region, and FIGS. 81B, §2B, 83B, 84B,
85B, 86B, and 87B are sectional views each taken along line
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b-b" in the corresponding plan view. FIGS. 81A to 87B each
illustrate each photographic processing process (photo-pro-
cess).

[0502] FIG. 81A is a plan view of one pixel region on the
second transparent substrate SUB2, when a first photo-pro-
cess 1s completed, and FIG. 81B is a sectional view taken
along line b-b' in FIG. 81A. The adjacent gate lines GL are
formed on the first transparent substrate by sputtering, and
patterned by the first photo-process.

[0503] FIG. 82A is a plan view of one pixel region, when a
second photo-process is completed, and FIG. 82B is a sec-
tional view taken along line b-b' in FIG. 82A. The gate insu-
lating film GSN and the semiconductor layer SEM are
stacked on the gate lines GL by CVD. A metal line is formed
on the semiconductor layer SEM by sputtering. The material
of the metal line is identical to the material of the gate lines
GL.

[0504] A photoresist is formed on the CVD film and the
sputtering film, and this photoresist is exposed by use of a
halftone photomask, whereby the region of the data line DL
and the source electrode SM and the region of the semicon-
ductor layer SEM can be formed.

[0505] FIG. 83A is a plan view of one pixel region, when a
third photo-process is completed, and FIG. 83B is a sectional
view taken along line b-b' in FIG. 83A. The protection insu-
lating film PAS is formed on the data line DL and the source
electrode SM by CVD, and an interlayer insulating film ORG
made of photosensitive acryl is further applied. The protec-
tion insulating film PAS is made of silicon nitride, and has a
thickness of 200 nm to 400 nm. The material of the photo-
sensitive acryl can be used as a resist in the photo process.
Therefore, an opening region is formed on the source elec-
trode SM by using a photomask for this resist by a develop-
ment process. The protection insulating film PAS is processed
by dry etching by using the interlayer insulating film ORG as
a photomask, whereby a contact hole reaching the surface of
the source electrode SM is formed.

[0506] FIG. 84A is a plan view of one pixel region, when a
fourth photo-process is completed, and FIG. 84B is a sec-
tional view taken along line b-b' in FIG. 84A. A third trans-
parent electrode material ITO3 is formed, and a photo-etch-
ing process is performed to the third transparent electrode
material ITO3 to thereby form the second transparent com-
mon electrode CT2.

[0507] FIG. 85A is a plan view of one pixel region when a
fifth photo-process is completed, and FIG. 85B is a sectional
view taken along line b-b' in FIG. 85A. The second insulating
film SNG2 is formed on the second transparent common
electrode CT2 by CVD.

[0508] FIG. 86A is a plan view of one pixel region, when a
sixth photo-process is completed, and FIG. 86B is a sectional
view takenalong line b-b'in FIG. 86A. The ITO2 is formed on
the second insulating film SNG2, and this second insulating
film SNG2 is photo-etched to process the transparent pixel
electrode PIT. This transparent pixel electrode PIT is pro-
cessed in a plane in one pixel, and is connected to the source
electrode SM.

[0509] FIG. 87A is a plan view of one pixel region when
seventh and eighth photo-processes are completed, and FIG.
87B is a sectional view taken along line b-b' in FIG. 87A. The
first insulating film SNG1 is formed on the transparent pixel
electrode PIT. An opening for extracting a terminal is formed
on this first insulting film SNG1 with a terminal portion of the
pixel region (not illustrated). This is the seventh photo-pro-
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cess. Thereafter, the ITO1 is formed, and this ITO1 is photo-
etched to form the first transparent common electrode CT1.
[0510] As described above, the processing of the first trans-
parent substrate SUB1 in the liquid crystal display device
according to the present embodiment is completed through
eight photo-etching processes in total.

Twelfth Embodiment

[0511] Referring to FIGS. 88 and 89, a liquid crystal panel
of a twelfth embodiment will be described.

[0512] The configurations similar to the above eleventh
embodiment are identified by the same numerals, and the
detailed description will not be given. The different point
between the twelfth embodiment and the above eleventh
embodiment is that a common electrode metal line MSL is
provided in the twelfth embodiment. This common electrode
metal line MSL corresponds to a common line in a liquid
crystal display device according to the present application.

[0513] Thecommon electrode metal line MSL is made ofa
low-resistance metal, and formed on the second transparent
common electrode CT2 (ITO3) in order to reduce the wiring
delay of the second transparent common electrode CT2
(ITO3). The common electrode metal line MSL is disposed to
be overlapped with the data line DL in a plan view in order to
prevent the reduction in the aperture ratio in the pixel region.
Due to the reduction in the resistance, a liquid crystal display
device with a large screen having high brightness and low
power consumption can be provided.

Thirteenth Embodiment

[0514] Referring to FIGS. 90~99, aliquid crystal panel of a
thirteenth embodiment will be described.

[0515] FIGS. 90A and 90B are detailed plan views each
illustrating one pixel region, FIG. 91 is a sectional view taken
along line 91-91" in FIG. 90, and FIG. 92 is a sectional view
taken along line 92-92' in FIG. 90.

[0516] FIGS.90A and 90B are plan views each illustrating
a thin-film transistor TFT, one pixel region enclosed by gate
lines G and data lines DL, and a part of the neighboring pixel
region adjacent to this pixel region in FIG. 1. To facilitate
understanding of the structure, FIG. 90A illustrates patterns
of almost all layers, while FIG. 90B illustrates only a pattern
of each transparent electrode and a projected position (broken
line) of an opening of a black matrix BM. An inner side of the
opening of the black matrix BM is a light transmittance
region, and an outer side of the opening is a light shielding
region.

[0517] Thearrangement and function of each configuration
in FIG. 90A will be described. Each of the gate lines GL is
made of a low-resistance metal layer. The gate lines GL are
connected to the scanning-line drive circuit in FIG. 1, and a
scanning-voltage is applied to the gate lines GL from the
scanning-line drive circuit. On the other hand, each of the data
lines DL is also made of a low-resistance metal layer, and a
video-data voltage is applied to the data lines DL. In the case
where a gate-on voltage is applied to the gate lines GL, the
resistance of a semiconductor layer SEM of the thin-film
transistor becomes low, whereby the voltage ofthe data lines
DL is transmitted to a source electrode SM made of a low-
resistance metal layer, and also transmitted to a transparent
pixel electrode PIT connected to the source electrode SM
through a contact hole.
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[0518] A common voltage that is another voltage applied to
a liquid crystal layer is applied to a transparent common
electrode CIT and a transparent storage capacitance electrode
MIT from the common-electrode drive circuit in FIG. 1. The
transparent pixel electrode PIT is stacked on the transparent
storage capacitance electrode MIT with an insulating film
interposed therebetween. The transparent common electrode
CITisalso stacked on the transparent pixel electrode PIT with
an insulating film interposed therebetween, wherein the
transparent common electrode CIT has a plurality of slits
formed therein. An electric field from the transparent pixel
electrode PIT reaches the inside of the liquid crystal layer
through the slits of the transparent common electrode CIT
disposed on the transparent pixel electrode PIT, is folded in
the liquid crystal layer, and finally reaches the transparent
common electrode CIT. Thus, a transverse electric field is
applied to the liquid crystal layer.

[0519] The transparent storage capacitance electrode MIT
is also connected to the common-electrode drive circuit in
FIG. 1, and the common voltage is applied to the transparent
storage capacitance electrode MIT from the common-elec-
trode drive circuit. The transparent storage capacitance elec-
trode MIT is disposed below the transparent pixel electrode
PIT with an insulating film interposed therebetween, and a
storage capacitance STG is formed between the transparent
pixel electrode PIT and the transparent storage capacitance
electrode MIT. As described above, in the present embodi-
ment, the transparent common electrode CIT having the slits,
the transparent pixel electrode PIT, and the transparent stor-
age capacitance electrode MIT are formed on the pixel region.
These three transparent conductive films are formed by dif-
ferent processes. The transparent pixel electrode PIT is con-
nected to the source electrode SM via the contact hole CONT
formed on the insulating film, and disposed independently on
each pixel region. On the other hand, the transparent storage
capacitance electrode MIT and the transparent common elec-
trode CIT are connected in the form of a network over the
entire screen region DIA to cover the plurality of pixel
regions.

[0520] The present embodiment is mainly characterized by
planar patterns of the transparent common electrode CIT, the
transparent storage capacitance electrode MIT, and the trans-
parent pixel electrode PIT in one pixel region. Therefore, the
relationship of these patterns will be described by comparing
FIGS. 90A and 90B.

[0521] Thepatternofthe uppermost layer in FIG. 90B is the
transparent common electrode CIT. The transparent common
electrode CIT has a plurality of band-shaped portions C1
extending parallel to the data lines DL, and a plurality of slits
CS are formed between the band-shaped portions C1. In the
present embodiment, the longitudinal direction of the slit CS
means the extending direction of the data lines DL, and the
widthwise direction of the slit CS means the extending direc-
tion of the gate lines GL.

[0522] In a plan view, the transparent pixel electrode PIT
can be seen through each slit CS of the transparent common
electrode CIT. Among these slits CS, the slit CS located above
the data line DL is formed to be wider than the other slits CS,
and an outer boundary P1 of the transparent pixel electrode
PIT is present in this slit CS, the outer boundary P1 being
parallel to the longitudinal direction of the slit CS.

[0523] Specifically, two closely-adjacent outer boundaries
P1 of two transparent pixel electrodes PIT that are adjacent to
each other in the widthwise direction of the slit CS, and a
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space PS between these two closely-adjacent outer bound-
aries P1 are included in the slit CS located above the data line
DL. In other words, the two closely-adjacent outer bound-
aries P1 of two transparent pixel electrodes PIT that are
adjacent to each other in the widthwise direction of the slit
CS, and the space PS between these two closely-adjacent
outer boundaries P1 are not covered with the transparent
common electrode CIT, i.e., not overlapped with the trans-
parent common electrode CIT in a plan view.

[0524] A pair of edges Cls extending in the longitudinal
direction of the slit CS located above the data line DL respec-
tively crosses outer boundaries P2 of two transparent pixel
electrodes PIT that are adjacent to each other in the widthwise
direction of the slit CS in a plan view, the outer boundaries P2
being parallel to the widthwise direction of the slit CS.
[0525] The two closely-adjacent outer boundaries P1 of
two transparent pixel electrodes PIT that are adjacent to each
other in the widthwise direction of the slit CS and the space
PS between the two closely adjacent outer boundaries P1
overlap the transparent storage capacitance electrode MIT
disposed below the transparent pixel electrode PIT in a plan
view. The two closely-adjacent outer boundaries P1 of two
transparent pixel electrodes PIT that are adjacent to each
other in the widthwise direction of the slit CS and the space
PS between the two closely adjacent outer boundaries P1 also
overlap the data line DL disposed below the transparent stor-
age capacitance electrode MIT in a plan view.

[0526] The transparent common electrode CIT includes a
plurality of connection portions C2 that connect the plurality
of band-shaped portions C1 in the widthwise direction of the
slit CS above the gate line GL. The connection portions C2
are disposed in a region where light is shielded by the black
matrix BM. Therefore, the band-shaped portions C1 of the
transparent common electrode CIT become a main electrode
that drives the liquid crystal at the inside of the opening of the
black matrix BM.

[0527] The transparent pixel electrode PIT has a planar
pattern disposed independently in each pixel region. The
transparent pixel electrode PIT and the source electrode SM
are connected to each other via the contact hole CONT
formed on the insulating film. The outer boundaries P1 and P2
of the adjacent transparent pixel electrodes PIT are separated
across the data line DL and the gate line GL respectively.
[0528] The transparent storage capacitance electrode MIT
is disposed below the transparent pixel electrode PIT with the
insulating film interposed therebetween. The transparent stor-
age capacitance electrode MIT is formed into a sheet shape
spreading in a plane, and an opening MA is formed corre-
sponding to each pixel region. FIGS. 90A and 90B illustrate
an edge of the opening MA. The opening MA is formed to
overlap the region between the two transparent pixel elec-
trodes PIT that are adjacent to each other in the longitudinal
direction of the slit CS. The contact hole CONT is formed in
the opening MA. The transparent storage capacitance elec-
trode MIT is disposed above the gate line GL and the data line
DL with the insulating film interposed therebetween so as to
cover the gate line GL and the data line DL.. This structure
prevents an electric field noise from the gate line GL or the
data line DL from entering the liquid crystal layer LC.
[0529] It has been known that, in a liquid crystal display
device of an IPS system, an aperture ratio can be enhanced by
covering the data lines DL or the gate lines GL with a trans-
parent electrode, to which a common voltage is applied, with
an insulating film interposed therebetween. In this system, the
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uppermost transparent common electrode CIT extends in the
direction in which the data lines DL extend, and is formed to
have a large width to cover the data lines DL from above. In
this case, the width of the transparent common electrode CIT
covering the data lines DL is formed to be relatively larger
than the width of the data line DL in order to form a margin for
positioning during a TFT process. When the width of the
transparent common electrode CIT is increased, a transverse
electric field is notapplied to this portion, even if the electrode
is transparent. Therefore, this portion does not contribute to
the display. In other words, the aperture ratio for the display
cannot be enhanced.

[0530] In FIGS. 90A and 90B of the present embodiment,
the space between the two transparent pixel electrodes PIT
disposed in the horizontal direction is set to be small, and the
transparent storage capacitance electrode MIT is disposed
below the region between the transparent pixel electrodes
PIT. Inthis case, the transparent storage capacitance electrode
MIT functions as a shield for the data line DL, whereby the
black matrix BM on the data line DL can be set to be small,
and the aperture ratio can be increased. Specifically, the
present embodiment aims to enhance the aperture ratio by
arranging the transparent storage capacitance electrode MIT
and not arranging the transparent common electrode CIT
above the data line DL.

[0531] InFIG. 90, the transparent storage capacitance elec-
trode MIT is disposed above most of the gate line GL extend-
ing in the horizontal direction. The transparent common elec-
trode CIT has a plurality of long band-shaped portions, which
extend in the perpendicular direction in which the data lines
DL extend, over the plurality of pixel regions, and also has the
connection portion disposed almost on the center of the black
matrix BM, which covers the gate line GL, in the perpendicu-
lar direction, the connection portion extending in the horizon-
tal direction for connecting the band-shaped portions. Thus,
the transparent common electrode CIT has a mesh-like planar
pattern. This structure provides an effect of maintaining the
supply of the common voltage even if the band-shaped por-
tions extending in the perpendicular direction is broken, and
an effect of reducing a wiring resistance of the transparent
common electrode CIT. In the region where light is shielded
by the black matrix BM above the gate line GL, a pairofedges
of the slit of the transparent common electrode CIT extending
in the perpendicular direction crosses the outer boundary of
the transparent pixel electrode PIT almost perpendicularly.
[0532] FIG. 91 is a sectional view taken along line 3-3' in
FIG. 90. In similarly to the planar configuration in FIG. 90, a
drive voltage is applied between the transparent pixel elec-
trode PIT and the transparent common electrode CIT in the
case where the liquid crystal layer LC is regarded as a capaci-
tor in one pixel region. The common voltage identical to that
for the transparent common electrode CIT is also applied to
the transparent storage capacitance electrode MIT. Firstly, an
on-voltage is applied to the gate line GI. made of a metal
layer. The gate insulating film GSN is formed on the gate lines
GL. The semiconductor layer SEM is processed and disposed
in an island shape on the gate line GL.

[0533] The data line DL and the source electrode SM are
formed on the semiconductor layer SEM. The data line DL
and the source electrode SM are made of a low-resistance
metal material formed by the same process.

[0534] The protection insulating film PAS is formed on the
data line DL and the source electrode SM. The interlayer
insulating film ORG is formed on the protection insulating
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film PAS. A photosensitive organic material including acryl
as amain composition is used for the interlayer insulating film
ORG.

[0535] A set of the protection insulating film PAS and the
interlayer insulating film ORG corresponds to a third insulat-
ing film in the liquid crystal display device according to the
present application, and the interlayer insulating film ORG
corresponds to an organic insulating film in the liquid crystal
display device according to the present application.

[0536] The transparent storage capacitance electrode MIT
and the transparent pixel electrode PIT form the storage
capacitance STG in the pixel region across the insulating film
SNG. The storage capacitance STG can prevent the attenua-
tion of the video-data voltage, caused by the charges accu-
mulated with the thin-film transistor TFT being turned on,
during the storage operation period. The transparent storage
capacitance electrode MIT corresponds to a first common
electrode in the liquid crystal display device according to the
present application, and the insulating film SNG corresponds
to a first insulating film in the liquid crystal display device
according to the present application.

[0537] The transparent pixel electrode PIT is electrically
connected to the source electrode SM via the contact hole
CONT formed on the protection insulating film PAS, the
interlayer insulating film ORG, and the insulating film SNG.
[0538] The transparent common electrode CIT is disposed
on the transparent pixel electrode PIT with an upper insulat-
ing film UPAS interposed therebetween.

[0539] When an on-voltage is applied to the gate line GL,
the video-data voltage is applied to the transparent pixel elec-
trode PIT via the data line DL, the semiconductor layer SEM,
and the source electrode SM. The video-data voltage is
charged in the capacitance between the transparent pixel elec-
trode PIT and the transparent common electrode CIT and in
the capacitance between the transparent pixel electrode PIT
and the transparent storage capacitance electrode MIT, the
transparent common electrode CIT and the transparent stor-
age capacitance electrode MIT having the common potential.
When an off-voltage is applied to the gate line GL, the period
after the application of the off-voltage becomes a storage
period, and the semiconductor layer SEM becomes a high
resistance state. Therefore, the charged charges (voltage) are
basically stored. However, the voltage of the transparent pixel
electrode PIT might be varied due to the leakage by the
resistance of the semiconductor layer SEM or the resistance
of the liquid crystal layer L.C.

[0540] In general, the holding characteristics are obtained
by the capacitance formed by the stacked layers of the trans-
parent common electrode CIT and the transparent pixel elec-
trode PIT. In the present embodiment, a capacitance is also
formed between the transparent pixel electrode PIT and the
transparent storage capacitance electrode MIT, whereby the
whole capacitance can be increased. Consequently, the hold-
ing characteristics can be satisfactorily maintained, so that a
liquid crystal display device with excellent image quality can
be provided.

[0541] FIG. 92 is a sectional view taken along line 92-92'in
FIG. 90. FIG. 92 is a sectional view of three pixels with the
data line DL being defined as a border. The pixel at the center
corresponds to a green color filter CF(G) in a color filter CF
disposed in a vertical stripe shape. The pixels at the left and at
the right of the pixel at the center correspond to a red color
filter CF(R) and a blue color filter CF(B), respectively. The
black matrix BM 1s disposed on the inner surface of the first
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transparent substrate SUB1 on the border of the pixel regions,
where the data line DL is located, across the liquid crystal
layer L.C.

[0542] In FIG. 92, the cross-sectional structure is divided
into two regions in an in-plane direction, the two regions
being a pixel shielding region where the black matrix BM or
the data line DL that does not transmit light is located, and an
opening region that transmits light. The structure and opera-
tion of the opening region will firstly be described.

[0543] The transparent storage capacitance electrode MIT
is disposed to widely cover the data lines DL from above in
the portion below the space between the adjacent transparent
pixel electrodes PIT, the space being located above the data
line DL. Accordingly, the electric field noise generated from
the data line DL is shielded by the transparent storage capaci-
tance electrode MIT, whereby the electric field noise to the
liquid crystal layer LC is shielded. The transparent common
electrode CIT is not disposed between the black matrix BM
and the data line DL. In general, a common electrode is
disposed to widely cover the space between the adjacent
transparent pixel electrodes in the liquid crystal display
device in which the transparent storage capacitance electrode
MIT is not disposed, and the common electrode is disposed
only on the uppermost layer. In this case, the width of the
common electrode is large, so that the electric field for driving
1s weakened. Therefore, even if a transparent electrode mate-
rial is used, transmittance is reduced. Alternatively, the width
of the black matrix BM increases to reduce the aperture ratio.
In the present embodiment, even if the transparent common
electrode CIT is not present above the space between the
adjacent two transparent pixel electrodes PIT, the data line
DL is shielded by the transparent storage capacitance elec-
trode MIT, whereby the aperture ratio can be increased.

[0544] FIGS. 93A to 99B each illustrate a manufacturing
process of a stacked body including the thin-film transistor
TFT formed on the first transparent substrate SUB1 accord-
ing to the present embodiment. FIGS. 93A, 94A, 95A, 96A,
97A, 98A, and 99A are plan views each illustrating one pixel
region, and FIGS. 93B, 94B, 95B, 96B, 97B, 98B, and 99B
are sectional views each taken along line b-b' in the corre-
sponding plan view. FIGS. 93A to 99B each illustrate each
photographic processing process (photo-process).

[0545] FIG. 93A is a plan view of one pixel region, when a
first photo-process is completed, and FIG. 93B is a sectional
view taken along line b-b' in F1G. 93 A. The gate lines GL are
patterned by the first photo-process after being formed on the
first transparent substrate SUB1 by sputtering.

[0546] FIG. 94A is a plan view of one pixel region, when a
second photo-process is completed, and FIG. 94B is a sec-
tional view taken along line b-b' in FIG. 94A. The gate insu-
lating film GSN made of silicon nitride and the semiconduc-
tor layer SEM made of amorphous silicon are stacked on the
gate lines GL by CVD. A stacked film of molybdenum Mo
and copper Cu is also formed on the semiconductor layer
SEM by sputtering.

[0547] The thicknesses of the gate insulating film GSN, the
semiconductor layer SEM, and the data line DL/source elec-
trode SM are respectively about 400 nm, 200 nm, and 300 nm.
After the stacked film is formed by CVD and sputtering, a
photoresist is formed on the stacked film. This photoresist is
exposed by use of a halftone photomask, whereby the region
of the data line DL and the source electrode SM and the region
of the semiconductor layer SEM are formed.

Mar. 3, 2016

[0548] FIG. 95A is a plan view of one pixel region, when a
third photo-process is completed, and FIG. 95B is a sectional
view taken along line b-b' in FIG. 95A. The protection insu-
lating film PAS is formed on the data line DL and the source
electrode SM by CVD, and the interlayer insulating film ORG
that is made of photosensitive acryl is applied thereon. The
protection insulating film PAS is made of silicon nitride, and
has a thickness of 100 nm to 400 nm. The material of the
photosensitive acryl can be used as a resist in the photo-
process. Therefore, the opening OCONT is formed on the
source electrode SM by a developing process using the pho-
tomask.

[0549] FIG. 96A is a plan view of one pixel region, when a
fourth photo-process is completed, and FIG. 96B is a sec-
tional view taken along line b-b' in FIG. 96A. After a film of
indium tin oxide that is the transparent electrode material is
formed, the photo-etching process is performed, whereby the
transparent storage capacitance electrode MIT is formed.
[0550] FIG. 97A is a plan view of one pixel region, when a
fifth photo-process is completed, and FIG. 97B is a sectional
view taken along line b-b' in FIG. 97A. The insulating film
SNG is formed on the transparent storage capacitance elec-
trode MIT by CVD. The insulating film SNG is made of
silicon nitride, and has a thickness of 200 nm to 600 nm. The
photo-etching process is performed, whereby a contact hole
PCONT that penetrates the interlayer insulating film SNG
and the protection insulating film PAS is formed at the inside
ofthe opening OCONT ofthe interlayer insulating film ORG.
[0551] FIG. 98A is a plan view of one pixel region, when a
sixth photo-process is completed, and FIG. 98B is a sectional
view taken along line b-b'in FIG. 98A. After a film of indium
tin oxide that is the material for the transparent conductive
film is formed on the insulating film SNG, the transparent
pixel electrode PIT is processed by the photo-etching process.
This transparent pixel electrode PIT is processed in each pixel
region to be connected to the source electrode SM.

[0552] FIG. 99A is a plan view of one pixel region, when
seventh and eighth photo-processes are completed, and FIG.
99B is a sectional view taken along line b-b' in FIG. 99A. The
upper insulating film UPAS is formed on the transparent pixel
electrode PIT. An opening for extracting a terminal is formed
on the upper insulating film UPAS at the terminal portion of
the screen region DIA (not illustrated). This is the seventh
photo-process. Thereafter, a film of indium tin oxide that is
the material for the transparent conductive film is formed, and
the transparent common electrode CIT is formed by the
photo-etching process.

[0553] As described above, the processing of the first trans-
parent substrate SUB1 in the liquid crystal display device
according to the present embodiment is completed through
eight photo-etching processes in total.

Fourteenth Embodiment

[0554] Referring to FIGS. 100 and 101, a liquid crystal
panel of a fourteenth embodiment will be described.

[0555] FIGS.100A and 100B each illustrate a detailed plan
view of one pixel region, and FIG. 101 is a sectional view
taken along line 101-101' in FIG. 100.

[0556] FIG. 100A is a plan view illustrating a thin-film
transistor TFT, one pixel region enclosed by gate lines GL. and
data lines DL, and a part of the neighboring pixel region
adjacent to this pixel region. To facilitate understanding of the
structure, FIG. 100A illustrates patterns of almost all layers,
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while FIG. 100B illustrates only a pattern of each transparent
electrode and a projected position (broken line) of an opening
of a black matrix BM.

[0557] In the above thirteenth embodiment, the arrange-
ment of the color filters CF is the vertical stripe shape in which
the red, green, and blue color layers are changed with the data
line DL being defined as a border. However, in the present
embodiment, the arrangement of the color filters CF is a
horizontal stripe shape in which the red, green, and blue color
layers are changed with the gate line GL being defined as a
border. In the above thirteenth embodiment, the space
between the adjacent two gate lines GL is almost three times
as big as the space between the adjacent data lines DL. How-
ever, in the present embodiment, the space between the adja-
cent data lines DL is almost three times as big as the space
between the adjacent gate lines GL.

[0558] The arrangement and functions of the components
in FIG. 100A will be described. The functions of the gate lines
GL and the data lines DL and the method of supplying a
voltage to these lines are similar to those in the above thir-
teenth embodiment. In addition, the functions of the transpar-
ent pixel electrode PIT, the transparent common electrode
CIT, and the transparent storage capacitance electrode MIT,
which drive a liquid crystal layer LC, are similar to those in
the above thirteenth embodiment.

[0559] The present embodiment is mainly characterized by
planar patterns of the transparent common electrode CIT, the
transparent storage capacitance electrode MIT, and the trans-
parent pixel electrode PIT in one pixel region. Therefore, the
relationship of these patterns will be described by comparing
FIGS. 100A and 100B.

[0560] The pattern of the uppermost layer in FIG. 100B is
the transparent common electrode CIT. The transparent com-
mon electrode CIT has a plurality of band-shaped portions C1
extending parallel to the gate lines G, and a plurality of slits
CS are formed between the band-shaped portions C1. In the
present embodiment, the longitudinal direction of the slit CS
means the extending direction of the gate lines GL, and the
widthwise direction of'the slit CS means the extending direc-
tion of the data lines DL.

[0561] In a plan view, the transparent pixel electrode PIT
can be seen through each slit CS of the transparent common
electrode CIT. Among these slits CS, the slit CS located above
the gate line GL is formed to be wider than the other slits CS,
and an outer boundary P1 of the transparent pixel electrode
PIT parallel to the longitudinal direction of the slit CS is
present in this slit CS.

[0562] Specifically, two closely-adjacent outer boundaries
P1 of two transparent pixel electrodes PIT that are adjacent to
each other in the widthwise direction of the slit CS, and a
space PS between these two closely adjacent outer bound-
aries P1 are included in the slit CS located above the gate line
GL. In other words, the two closely-adjacent outer bound-
aries P1 of two transparent pixel electrodes PIT that are
adjacent to each other in the widthwise direction of the slit
CS, and the space PS between these two closely adjacent
outer boundaries P1 are not covered with the transparent
common electrode CIT, i.e., not overlapped with the trans-
parent common electrode CIT in a plan view.

[0563] A pair of edges Cls extending in the longitudinal
direction of the slit CS located above the gate line GL respec-
tively crosses outer boundaries P2 of two transparent pixel
electrodes PIT that are adjacent to each other in the widthwise
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direction of the slit CS in a plan view, the outer boundaries P2
being parallel to the widthwise direction of the slit CS.
[0564] The two closely-adjacent outer boundaries P1 of
two transparent pixel electrodes PIT that are adjacent to each
other in the widthwise direction of the slit CS and the space
PS between the two closely-adjacent outer boundaries P1
overlap the transparent storage capacitance electrode MIT
disposed below the transparent pixel electrode PIT in a plan
view. The two closely-adjacent outer boundaries P1 of two
transparent pixel electrodes PIT that are adjacent to each
other in the widthwise direction of the slit CS and the space
PS between the two closely-adjacent outer boundaries P1 also
overlap the gate lines GL disposed below the transparent
storage capacitance electrode MIT in a plan view.

[0565] The transparent common electrode CIT includes a
plurality of connection portions C2 that connect the plurality
of band-shaped portions C1 in the widthwise direction of the
slit CS above the data lines DL. The connection portions C2
are disposed in a region where light is shielded by the black
matrix BM. Therefore, the band-shaped portions C1 of the
transparent common electrode CIT become a main electrode
that drives the liquid crystal in the opening of the black matrix
BM.

[0566] The transparent pixel electrode PIT has a planar
pattern disposed independently in each pixel region. The
transparent pixel electrode PIT and the source electrode SM
are connected to each other via a contact hole CONT formed
on an insulating film, as in the above thirteenth embodiment.
The outer boundaries P1 and P2 of the adjacent transparent
pixel electrodes PIT are separated across the data line DL and
the gate line GL respectively.

[0567] The transparent storage capacitance electrode MIT
is disposed below the transparent pixel electrode PIT with an
insulating film interposed therebetween. The transparent stor-
age capacitance electrode MIT is formed into a sheet shape
spreading in a plane, and an opening MA is formed corre-
sponding to each pixel region, as in the above thirteenth
embodiment. FIGS. 100A and 100B illustrate an edge of the
opening MA. The opening MA is formed to overlap the
region between the two transparent pixel electrodes PIT that
are adjacent to each other in the longitudinal direction of the
slit CS. The contact hole CONT is formed in the opening MA.
The transparent storage capacitance electrode MIT is dis-
posed above the gate lines GL and the data lines DL with an
insulating film interposed therebetween to cover the gate lines
GL and the data lines DL. This structure prevents an electric
field noise from the gate lines GL or the data lines DL from
entering the liquid crystal layer LC.

[0568] In FIGS. 100A and 100B of the present embodi-
ment, the space between the two transparent pixel electrodes
PIT disposed in the vertical direction is set to be small, and the
transparent storage capacitance electrode MIT is disposed in
the portion below the space between the two transparent pixel
electrodes PIT. In this case, the transparent storage capaci-
tance electrode MIT functions as a shield for the gate line GL,
whereby the black matrix BM on the gate line GL can be set
to be small, and the aperture ratio can be increased. Specifi-
cally, the present embodiment aims to enhance the aperture
ratio by arranging the transparent storage capacitance elec-
trode MIT and not arranging the transparent common elec-
trode CIT above the gate line GL.

[0569] Inthehorizontal stripe color filter system, the length
of the gate line GL. in one pixel region is about three times the
length of the data line DL. Therefore, the transparent storage
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capacitance electrode MIT is disposed above the gate line GL,
the transparent pixel electrodes PIT adjacent to each other are
disposed above the transparent storage capacitance electrode
MIT, and the slits of the transparent common electrode CIT
are disposed on the transparent pixel electrodes PIT (i.e., the
band-shaped portions are not disposed), whereby the aperture
ratio in the liquid crystal display device of a horizontal stripe
color filter system can be enhanced.

[0570] In FIGS. 100A and 100B, the transparent storage
capacitance electrode MIT is disposed above most of the data
line DL extending in the vertical direction. The transparent
common electrode CIT has a plurality of long band-shaped
portions, which extend in the perpendicular direction in
which the gate lines GL extend, over the plurality of pixel
regions, and also has the connection portion disposed almost
on the center of the black matrix BM, which covers the data
lines DL, in the horizontal direction, the connection portion
extending in the vertical direction for connecting the band-
shaped portions. Thus, the transparent common electrode
CIT has a mesh-like planar pattern. This structure provides an
effect of maintaining the supply of the common voltage even
if the band-shaped portions extending in the horizontal direc-
tion are broken, and an effect of reducing a wiring resistance
of the transparent common electrode CIT.

[0571] FIG. 101 is a sectional view taken along line 101-
101'in FIG. 100A. FIG. 101 is a sectional view of three pixels
with the gate line GL being defined as a border. The pixel at
the center corresponds to a green color filter CF(G) in the
color filter CF disposed in a horizontal stripe shape. The
pixels at the left and at the right of the pixel at the center
correspond to a red color filter CF(R) and a blue color filter
CF(B), respectively. The black matrix BM is disposed on the
inner surface of the first transparent substrate SUBI1 on the
border of the pixel regions, where the gate line GL is located,
across the liquid crystal layer L.C.

[0572] The transparent storage capacitance electrode MIT
is disposed to widely cover the gate lines GL from above in
the portion below the space between the adjacent transparent
pixel electrodes PIT, the space being located above the gate
lines GL. Accordingly, the electric field noise generated from
the gate lines GL is shielded by the transparent storage
capacitance electrode MIT, whereby the electric field noise to
the liquid crystal layer LC is shielded. The transparent com-
mon electrode CIT is not disposed between the black matrix
BM and the gate line GL. In general, the common electrode is
disposed to widely cover the space between the adjacent
transparent pixel electrodes in the liquid crystal display
device in which the transparent storage capacitance electrode
MIT is not disposed, and the common electrode is disposed
only on the uppermost layer. In this case, the width of the
common electrode is large, so that the electric field for driving
is weakened. Therefore, even if a transparent electrode mate-
rial is used, transmittance is reduced. Alternatively, the width
of the black matrix BM increases to reduce the aperture ratio.
In the present embodiment, even if the transparent common
electrode CIT is not present above the space between the
adjacent transparent pixel electrodes PIT, the gate line GL is
shielded by the transparent storage capacitance electrode
MIT, whereby the aperture ratio can be increased.

[0573] The foregoing outlines features of several embodi-
ments or examples so that those skilled in the art may better
understand the aspects of the present disclosure. Those
skilled in the art should appreciate that they may readily use
the present disclosure as a basis for designing or modifying
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other processes and structures for carrying out the same pur-
poses and/or achieving the same advantages of the embodi-
ments or examples introduced herein. Those skilled in the art
should also realize that such equivalent constructions do not
depart from the spirit and scope of the present disclosure, and
that they may make various changes, substitutions, and alter-
ations herein without departing from the spirit and scope of
the present disclosure.

[0574] As used herein, the phrase “at least one of” preced-
ing a series of items, with the term “and” or “or” to separate
any of the items, modifies the list as a whole, rather than each
member of the list (e.g., each item). The phrase “at least one
of” does not require selection of at least one of each item
listed; rather, the phrase allows a meaning that includes at
least one of any one of the items, and/or at least one of any
combination of the items, and/or at least one of each of the
items. By way of example, the phrases “at least one of A, B,
and C” or “at leastone of A, B, or C” each refer to only A, only
B, or only C; any combination of A, B, and C; and/or at least
one of each of A, B, and C. Phrases such as an aspect, the
aspect, another aspect, some aspects, one or more aspects, an
implementation, the implementation, another implementa-
tion, some implementations, one or more implementations,
an embodiment, the embodiment, another embodiment, some
embodiments, one or more embodiments, a configuration, the
configuration, another configuration, some configurations,
one or more configurations, the subject technology, the dis-
closure, the present disclosure, other variations thereof and
alike are for convenience and do not imply that a disclosure
relating to such phrase(s) is essential to the subject technol-
ogy or that such disclosure applies to all configurations of the
subject technology. A disclosure relating to such phrase(s)
may apply to all configurations, or one or more configura-
tions. A disclosure relating to such phrase(s) may provide one
or more examples. A phrase such as an aspect or some aspects
may refer to one or more aspects and vice versa, and this
applies similarly to other foregoing phrases.

[0575] Theword “exemplary”is used herein to mean “serv-
ing as an example, instance, or illustration.” Any embodiment
described herein as “exemplary” or as an “example” is not
necessarily to be construed as preferred or advantageous over
other embodiments. Furthermore, to the extent that the term
“include,” “have,” or the like is used in the description or the
claims, such term is intended to be inclusive in a manner
similar to the term “comprise” as “comprise” is interpreted
when employed as a transitional word in a claim.

[0576] All structural and functional equivalents to the ele-
ments of the various aspects described throughout this dis-
closure that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the claims.
Moreover, nothing disclosed herein is intended to be dedi-
cated to the public regardless of whether such disclosure is
explicitly recited in the claims. No claim element is to be
construed under the provisions of 35 U.S.C. §112(f), unless
the element is expressly recited using the phrase “means for”
or, in the case of a method claim, the element is recited using
the phrase “step for.”

[0577] The previous description is provided to enable any
person skilled in the art to practice the various aspects
described herein. Various modifications to these aspects will
be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects.
Thus, the claims are not intended to be limited to the aspects
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shown herein, but are to be accorded the full scope consistent
with the language claims, wherein reference to an element in
the singular is not intended to mean “one and only one” unless
specifically so stated, but rather “one or more.” Unless spe-
cifically stated otherwise, the term “some” refers to one or
more. Pronouns in the masculine (e.g., his) include the femi-
nine and neuter gender (e.g., her and its) and vice versa.
Headings and subheadings, if any, are used for convenience
only and do not limit the subject disclosure.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate; and

a liquid crystal layer sandwiched between the first sub-
strate and the second substrate, wherein:

a plurality of data lines;

a plurality of gate lines; and

a plurality of pixel regions, each of which is enclosed by
adjacent two data lines and adjacent two gate lines are
disposed on the first substrate,

each of the pixel regions includes:

a thin-film transistor connected to a data line;

atransparent conductive pixel electrode connected to the
thin-film transistor;

a first common electrode that is transparent and conduc-
tive, and disposed between the pixel electrode and the
first substrate;

a first insulating film disposed between the pixel elec-
trode and the first common electrode to cover the first
common electrode;

a second insulating film that covers the pixel electrode;

a second common electrode that is transparent and con-
ductive, is disposed on the second insulating film, and
includes a plurality of slits formed therein; and

athird insulating film disposed between the data line and
the thin-film transistor, and the first common elec-
trode to cover the data line and the thin-film transistor,

the pixel electrode is connected to the thin-film transistor
through a contact hole formed in the first insulating film
and the third insulating film, and

a space between two closely adjacent boundaries of a pair

of pixel electrodes that are adjacent to each other in a

longitudinal direction of the plurality of gate lines over-

laps the first common electrode and the second common
electrode in a plan view.
2. The liquid crystal display device according to claim 1,
wherein a thickness of the first insulating film and a thick-

ness of the second insulating film are smaller than a

distance in the space between the two boundaries.

3. The liquid crystal display device according to claim 1,

wherein a boundary of the pixel electrode, the first com-
mon electrode, and the second common electrode over-
lap the data line in a plan view.

4. The liquid crystal display device according to claim 1,

wherein the two closely adjacent boundaries of the pair of
pixel electrodes that are adjacent to each other in the
longitudinal direction of the plurality of gate lines over-
lap the data line in a plan view, and

the first common electrode and the second common elec-

trode overlap the space between the two boundaries in a

plan view.
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5. The liquid crystal display device according to claim 1,

wherein the third insulating film is made of an organic
material having a dielectric constant lower than a dielec-
tric constant of the first insulating film or the second
insulating film.

6. The liquid crystal display device according to claim 1,

wherein the third insulating film includes an organic insu-
lating film that is made of an organic material and that is
thicker than the first insulating film or the second insu-
lating film.

7. The liquid crystal display device according to claim 1,

wherein, when larger one in a width of the data line and a
black matrix that is disposed on the second substrate to
correspond to the data line is defined as a light shielding
region, an edge of one of the plurality of slits of the
second common electrode is located outside the light
shielding region in a plan view, and

the distance between the edge of the one of the plurality of
slits of the second common electrode and an edge of the
light shielding region in aplan view is smaller thana half
of awidth of the one of the plurality of slits of the second
common electrode.

8. The liquid crystal display device according to claim 1,

wherein, when larger one in a width of the data line and a
black matrix that is disposed on the second substrate to
correspond to the data line is defined as a light shielding
region, an edge of the one of the plurality of slits of the
second common electrode is located inside the light
shielding region in a plan view.

9. The liquid crystal display device according to claim 1,

further comprising:

a common line that overlaps the data line in a plan view, is
connected to the first common electrode, and has a
higher conductivity than the first common electrode.

10. A method for manufacturing a liquid crystal display

device, the liquid crystal display device comprising;

a first substrate;

a second substrate; and

a liquid crystal layer sandwiched between the first sub-
strate and the second substrate, wherein:

a plurality of data lines;

a plurality of gate lines; and

a plurality of pixel regions, each of which is enclosed by
adjacent two data lines and adjacent two gate lines are
disposed on the first substrate,

each of the pixel regions includes:

a thin film transistor connected to a data line;

atransparent conductive pixel electrode connected to the
thin film transistor;

a firstinsulating film disposed between the data line and
the pixel electrode, and the first substrate;

a second insulating film disposed between the data line
and the pixel electrode, and the liquid crystal layer;
and

a common electrode disposed between the first insulat-
ing film and the first substrate or between the second
insulating film and the liquid crystal layer, the method
comprising;

forming a semiconductor layer of the thin film transistor
by using a first mask; and

forming the pixel electrode, the data lines, and a source
electrode and a drain electrode of the thin film tran-
sistor by using a second mask different from the first
mask.
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