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(57) ABSTRACT

A liquid crystal display device includes a pair of substrates, a
plurality of gate lines arranged in parallel, a plurality of
common lines arranged in parallel, a plurality of source lines
arranged in such a manner that the direction of the source
lines intersects the direction of the gate lines and the common
lines, thin-film transistors arranged in the vicinity of intersec-
tions of the gate lines and source lines, lower electrodes
arranged in respective regions separated by the plurality of
gate lines and the plurality of source lines, the lower elec-
trodes being connected to the common lines and composed of
a transparent conductive material, upper electrodes arranged
on surfaces of the respective lower electrodes with an insu-
lating film provided between the upper electrode and the
lower electrode, each of the upper electrodes having a plural-
ity of slits arranged in parallel with one another, the gate lines,
the common lines, the source lines, the thin-film transistors,
the lower electrodes, and upper electrodes being arranged on
one of the pair of substrates, a liquid crystal layer arranged
between the pair of substrates and driven by an electric field
produced between the lower electrodes and the upper elec-
trodes, and first conductive material layers arranged on sur-
faces of the common lines at intersections of the source lines
and the common lines.
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LIQUID CRYSTAL DISPLAY DEVICE,
METHOD FOR PRODUCING SAME, AND

ELECTRONIC APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a display device

operating in a transverse-electric-field mode such as a fringe-
field-switching (hereinafter, referred to as an “FFS”) mode, a
method forproducing the device, and an electronic apparatus.
In particular, the invention relates to a highly reliable liquid
crystal display device in which in intersections of common
lines and source lines, breaks in the source lines and short
circuits between the common lines and the source lines are
suppressed, the liquid crystal display device operating in
transverse-electric-field mode, and relates to a method for
producing the device and an electronic apparatus.

[0003] 2. Related Art

[0004] In recent years, liquid crystal display devices have
often been used in general electrical equipment as well as
information and communication equipment. Liquid crystal
display devices that have been commonly used each include a
pair of substrates composed of, for example, glass, having
electrodes and the like on surfaces of the substrates and a
liquid crystal layer provided between the pair of substrates. A
voltage is applied to the electrodes on the substrates to align
liquid crystal molecules, thus changing light transmittance to
display various images. Such liquid crystal display devices
are said to operate in a longitudinal-electric-field mode. Lon-
gitudinal-electric-field liquid crystal display devices include
liquid crystal display devices operating in a twisted-nematic
(TN) mode and a vertical-alignment (VA) mode. These liquid
crystal display devices disadvantageously have narrow view-
ing angle ranges. Improved longitudinal-electric-field liquid
crystal display devices, e.g.;,;, multidlomain-vertical-align-
ment (MVA) liquid crystal display devices, have thus been
developed.

[0005] Unlike the foregoing longitudinal-electric-field lig-
uid crystal display devices, liquid crystal display devices
operating in a transverse-electric-field mode such as an in-
plane switching (IPS) mode or the FFS mode have also been
known, the transverse-electric-field liquid crystal display
devices each including pairs ofelectrodes constituted by pixel
electrodes and common electrodes only on one of the sub-
strates.

[0006] Liquid crystal display devices operating in the IPS
mode each include a pair of electrodes arranged on the same
layer. An electric field is applied to a liquid crystal material in
the direction substantially parallel to the substrate to align the
liquid crystal molecules in the direction parallel to the sub-
strate. Thus, such IPS-mode liquid crystal display devices
advantageously have very wide viewing angle ranges com-
pared with those of longitudinal-electric-field liquid crystal
display devices. However, since IPS-mode liquid crystal dis-
play devices each include a pair of electrodes serving to apply
an electric field to the liquid crystal material and being
arranged on the same layer, liquid crystal molecules located
above the pixel electrodes are not sufficiently driven, thus
disadvantageously reducing transmittance and the like.
[0007] To overcome the foregoing problems with IPS-
mode liquid crystal display devices, JP-A-2001-235763 and
JP-A-2002-182230 disclose FFS-mode liquid crystal display
devices. FFS-mode liquid crystal display devices each
include pixel electrodes and common electrodes that apply an
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electric field to a liquid crystal layer, the pixel electrodes and
the common electrodes being arranged as different layers that
are disposed with an insulating film provided therebetween.

[0008] FES-mode liquid crystal display devices have wide
viewing angle ranges and high contrast compared with those
of IPS-mode liquid crystal display devices. Furthermore,
FFS-mode liquid crystal display devices can operate at lower
voltages and display bright images owing to higher transmit-
tance. Moreover, FFS-mode liquid crystal display devices
have a large area of regions where pixel electrodes and com-
mon electrodes overlap in plan view, as compared with those
of IPS-mode liquid crystal display devices, thereby second-
arily resulting in a larger storage capacitance. This advanta-
geously eliminates the need to separately form an auxiliary
capacitance line.

[0009] An array substrate of an FFS-mode liquid crystal
display device in the related art includes common electrodes
(also referred to as “lower electrodes™) arranged in respective
pixels and composed of a transparent conductive material, an
insulating film arranged on the surface of the common elec-
trodes and composed of, for example, silicon nitride, and
pixel electrodes (also referred to as “upper electrodes™)
arranged on surface portions of the insulating film corre-
sponding to the common electrodes and composed of a trans-
parent conductive material, the pixel electrodes each having a
plurality of slits arranged in paralle] with one another, and the
common electrodes, the insulating film, and the pixel elec-
trodes being arranged on a transparent substrate. The com-
mon electrodes and the pixel electrodes are composed of a
transparent conductive material such as indium tin oxide
(ITO) or indium zinc oxide (IZO). In such FFS-mode liquid
crystal display devices in the related art, breaks or short
circuits occur at positions where source lines intersect com-
mon lines or gate lines, in some cases. The breaks or short
circuits occur more frequently at intersections of the source
lines and the common lines than intersections of the source
lines and the gate lines.

[0010] To examine the causes of these phenomena, the
inventors have conducted intensive studies and found the
main causes described below.

[0011] (1) The source lines and the gate lines are brought
into contact with an etching solution twice. Thus, the source
lines and the gate lines are excessively etched, so that surface
states or cross-sectional shapes thereof change from their
design states or shapes.

[0012] (2) The common electrodes are provided in respec-
tive pixels. However, the common electrodes provided in
adjacent pixels are electrically connected to each other
through only the common lines each having a width smaller
than those of the uncovered gate electrodes, so that charges
are liable to concentrate on the narrow common lines, thereby
easily making a spark between each common line and a
corresponding one of the source lines.

[0013] The reason the common lines and the gate lines are
brought into contact with the etching solution twice is as
follows. After the common lines and the gate lines are formed
in parallel with one another, a film composed of a transparent
conductive material is formed across the entire surface of a
transparent substrate and then formed into a predetermined
pattern by photolithography and etching, thereby forming the
common electrodes. The common lines and the gate lines are
usually composed of Mo-covered Al or an Al alloy and thus
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formed into predetermined patterns by wet etching. Also, the
film composed of the transparent conductive material is pat-
terned by wet etching.

[0014] The common lines and the gate lines having the
predetermined patterns formed by wet etching are exposed to
an etching solution again as the etching of the transparent
conductive material proceeds. As a result, the gate lines and
the common lines provided between adjacent pixels are
brought into contact with the etching solution twice. Thus, the
common lines and the gate lines are excessively etched, so
that the surface states or the cross-sectional shapes thereof
change from the design states or shapes. It is thus speculated
that breaks of the source lines or short circuits are liable to
occur at intersections between the source lines and the com-
mon lines and/or between the source lines and the gate lines.

SUMMARY

[0015] Such breaks of the source lines or short circuits can
be suppressed by achieving a structure in which the common
lines and the gate lines located at the intersections between
the source lines and the common lines and between the source
lines and the gate liens are not brought into contact with the
etching solution during the formation of the common elec-
trodes. The inventors have conducted intensive studies of a
structure such that at least the common lines at the intersec-
tions of the source lines and the common lines are not brought
into contact with the etching solution during the formation of
the common electrodes, and have found a structure in which
the a conductive material layer is arranged at intersections of
the source lines and the common lines and, if necessary,
intersections of the source lines and the gate lines before
etching of the common electrodes. This finding has led to the
completion of the invention.

[0016] An advantage of some aspects of the invention is
that it provides a highly reliable display device operating in a
transverse-electric-field mode, the device having a structure
such that intersections between source lines and common
liens and/or between source lines and gate lines are not
brought into contact with an etching solution during common
electrodes, and the structure suppressing breaks of the source
lines and short circuits between the source lines and the
common lines and between the source lines and the gate lines.

[0017] According to a first aspect of the invention, a liquid
crystal display device includes a pair of substrates, a plurality
of gate lines arranged in parallel, a plurality of common lines
arranged in parallel, a plurality of source lines arranged in
such a manner that the direction of the source lines intersects
the direction of the gate lines and the common lines, thin-film
transistors arranged in the vicinity of intersections of the gate
lines and source lines, lower electrodes arranged in respective
regions separated by the plurality of gate lines and the plural-
ity of source lines, the lower electrodes being connected to the
common lines and composed of a transparent conductive
material, upper electrodes arranged on surfaces of the respec-
tive lower electrodes with an insulating film provided
between the upper electrode and the lower electrode, each of
the upper electrodes having a plurality of slits arranged in
parallel with one another, the gate lines, the common lines,
the source lines, the thin-film transistors, the lower elec-
trodes, and upper electrodes being arranged on one of the pair
of substrates, a liquid crystal layer arranged between the pair
of substrates and driven by an electric field produced between
the lower electrodes and the upper electrodes, and first con-
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ductive material layers arranged on surfaces of the common
lines at intersections of the source lines and the common
lines.

[0018] According to the first aspect of the invention, the
first conductive material layers are arranged on surfaces of the
commor lines at the intersections of the source lines and the
common lines. In other words, the surfaces of the common
lines at the intersections of the source lines and the common
lines are covered with the first conductive material layers.
Thus, the surfaces of the common lines at the intersections of
the source lines and the common lines are not exposed during
the formation of the lower electrodes. The common lines are
not excessively etched at the intersections of the source lines
and the common lines. Thus, the surface state or cross-sec-
tional shape of the common lines is not changed from the
design state or shape thereof. In the case where the source
lines are formed on the common lines with the insulating film
provided between the source lines and the common lines so as
to intersect the common lines, breaks of the source lines and
short circuits between the source lines and the common lines
due to static electricity are reduced.

[0019] Itis preferred that each of the first conductive mate-
rial layers have a size larger than the width ofa corresponding
one of the source lines and the width of a corresponding one
of the common lines.

[0020] The first conductive material layers arranged on the
surfaces of the common lines at the intersections of the source
lines and the common lines may have a size equal to the width
of the source lines or the common lines. In particular, the
arrangement of the first conductive material layers each hav-
ing a size larger than the widths of the source lines and the
common lines results in smooth bumps and a reduction in the
concentration of charges, thereby providing the significant
effect of the invention. The first conductive material layers
may be in the form of a rectangle, circle, ellipse, or polygon.

[0021] Itis preferred that the first conductive material lay-
ers be composed of a material the same as that constituting the
lower electrodes.

[0022] In this case, the first conductive material layers are
composed of a material the same as that constituting the lower
electrodes, i.e. 1, a transparent conductive material. Thus,
the first conductive material layers can be formed on the
common lines simultaneously with the formation of the lower
electrodes without an increase in the number of steps.

[0023] Itis preferred that the first conductive material lay-
ers be integrally connected to the lower electrodes.

[0024] In this case, the first conductive material layers are
composed of a material the same as that constituting the lower
electrodes and are formed integrally with the lower elec-
trodes, so that the entire surfaces of the common lines are
covered with the transparent first conductive material layers.
This results in a significant reduction in the resistance of the
common lines and thus stabilizes the potential of each lower
electrode serving as the common electrode, thereby improv-
ing nonuniformity in the display quality of the pixels to obtain
a liquid crystal display device having excellent display qual-
ity.

[0025] It is preferred that the liquid crystal display device
further include second conductive material layers arranged on
surfaces of the gate lines at intersections of the source lines
and the gate lines, in which the second conductive material
layers are electrically isolated from the first conductive mate-
rial layers.
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[0026] The gate lines have a width larger than that of the
common lines. Breaks of the source lines and short circuits
between the source lines and the gate lines are less likely to
occur compared with at the intersections of the common lines
and the source lines. In the case where the second conductive
material layers are arranged on the surfaces of the gate lines at
the intersections of the source lines and the gate lines, the
breaks of the source lines and the short circuits between the
source lines and the gate lines are much less likely to occur.
The second conductive material layers need to be electrically
isolated from the first conductive material layers.

[0027] According to a second aspect of the invention, a
method for producing a liquid crystal display device includes
(1) forming a conductive layer across the entire surface of a
transparent substrate and etching the conductive layer to form
a plurality of gate lines having gate electrode portions and a
plurality of common lines in such a manner that the gate lines
and the common lines are in parallel with one another, (2)
forming a transparent conductive layer across the entire sut-
face of the resulting substrate and etching the transparent
conductive layer to form lower electrodes electrically con-
nected to the common lines and located at positions corre-
sponding to respective pixels and to form first transparent
conductive material layers on surfaces of the common lines
each between at least adjacent lower electrodes, (3) forming a
first insulating film across the entire surface of the resulting
substrate, (4) forming a semiconductor layer across the entire
surface of the first insulating film and etching the first insu-
lating film to form semiconductor layers at positions corre-
sponding to gate electrode portions, (5) forming a conductive
layer across the entire surface of the resulting substrate and
etching the conductive layer to form source lines such that the
direction ofthe source lines intersects the direction of the gate
lines and the common lines and to form drain electrodes and
source electrodes in the respective pixels in such a manner
that each of the source electrodes is electrically connected to
a corresponding one of the source lines, (6) forming a second
insulating film across the entire surface of the resulting sub-
strate, (7) forming contact holes in portions of the second
insulating film located on the drain electrodes in the respec-
tive pixels, (8) forming a conductive layer across the entire
surface of the resulting substrate and etching the transparent
conductive layer to form upper electrodes having a plurality
of slits in the respective pixels and to electrically connect the
upper electrodes to the respective drain electrodes, and (9)
arranging the resulting substrate to face a color filter substrate
and then filling a liquid crystal material into the gap between
the substrates.

[0028] In this case, preferably, the method further includes
in the step (2), forming a second transparent conductive mate-
rial layers on surfaces of the gate lines at intersections of the
source lines and the gate lines in such a manner that the
second transparent conductive material layers are electrically
isolated from the first transparent conductive material layers.
[0029] In this case, a liquid crystal display device having
the foregoing advantages is produced by the method.

[0030] According to a third aspect of the invention, an
electronic apparatus includes any one of the liquid crystal
display devices described above.

[0031] The electronic apparatus according to the third
aspect of the invention includes a highly reliableliquid crystal
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display device in which breaks of source lines and short
circuits between the source lines and common lines are less
likely to occur.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0033] FIG. 1 is a schematic plan view illustrating two
pixels on an array substrate of an FFS-mode liquid crystal
display device according to an embodiment.

[0034] FIG. 2 is a schematic cross-sectional view taken
along line I1-IT in FIG. 1.

[0035] FIG. 3 is a schematic cross-sectional view taken
along line [II-1Il in FIG. 1.

[0036] FIGS. 4A to 4G are cross-sectional views taken
along line IV-IV and sequentially illustrating a process of
producing a single pixel.

[0037] FIG. 5isaplan view of intersections of source lines
and common lines and intersections of the source lines and
gate lines shown in FIG. 1 without upper electrodes and
insulating films.

[0038] FIG. 6 is a cross-sectional view taken along line
VI-VIin FIG. 1.

[0039] FIG. 7 is a plan view illustrating a first modification
of the embodiment and corresponding to FIG. 6.

[0040] FIG. 8 is a plan view illustrating a second modifi-
cation of the embodiment and corresponding to FIG. 6.
[0041] FIG. 9 is a schematic plan view illustrating two
pixels on an array substrate of an FFS-mode liquid crystal
display device according to a comparative embodiment.

[0042] FIG. 10 is a cross-sectional view taken along line
X-X in FIG. 9.
[0043] FIG. 11A illustrates a personal computer including

aliquid crystal display device in accordance with an embodi-
ment of the invention, and FIG, 11B illustrates a mobile
phone including a liquid crystal display device in accordance
with an embodiment of the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0044] Preferred embodiments of the invention will be
described below with reference to the attached drawings. In
the embodiments, FFS-mode liquid crystal display devices
are exemplified as liquid crystal display devices to embody
the technical idea of the invention. However, the invention is
not intended to be limited to such FFS-mode liquid crystal
display devices. The invention is equally applicable to other
embodiments falling within the scope of the appended claims.
In the drawings used for illustration in this specification,
layers and components are shown at different scales so as to
be recognizable in the drawings and thus are not necessarily
shown in proportion to their actual dimensions.

[0045] FIG. 1 is a schematic plan view illustrating two
pixels on an array substrate of an FFS-mode liquid crystal
display device according to an embodiment. FIG. 2 is a sche-
matic cross-sectional view taken along line II-II in FIG. 1.
FIG. 3 is a schematic cross-sectional view taken along line
HI-IT in FIG. 1. FIGS. 4A to 4G are cross-sectional views
taken along line IV-IV and sequentially illustrating a process
of producing a single pixel. FIG. 5 is a plan view of intersec-
tions of source lines and common lines and intersections of
the source lines and gate lines shown in FIG. 1 without upper
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electrodes and insulating films. FIG. 6 is a cross-sectional
view taken along line VI-V1in FIG. 1. FIG. 7 is a plan view
illustrating a first modification of the embodiment and corre-
sponding to FIG. 6. FIG. 8 is a plan view illustrating a second
modification of the embodiment and corresponding to FIG. 6.
FIG. 9 is a schematic plan view illustrating two pixels on an
array substrate of an FFS-mode liquid crystal display device
according to a comparative embodiment. FIG. 10 is a cross-
sectional view taken along line X-X in FIG. 9. FIG. 11A
illustrates a personal computer including a liquid crystal dis-
play device in accordance with an embodiment of the inven-
tion. FIG. 11B illustrates a mobile phone including a liquid
crystal display device in accordance with an embodiment of
the invention.

Embodiment

[0046] An FFS-mode liquid crystal display device 10A
according to an embodiment will be described according to
the sequence of steps in a production process with reference
to FIGS. 110 6. An array substrate AR ofthe FFS-mode liquid
crystal display device 10A according to this embodiment is
produced by forming a two-layer film across the entire sur-
face of a transparent substrate 11 such as a glass substrate, the
two-layer film having a lower layer composed of Al and an
upper layer composed of Mo, and subjecting the two-layer
film to photolithography and wet etching to form a plurality of
gate lines 12 and a plurality of common lines 13 constituted
by two-layer lines each having the lower Al layer and the
upper Mo layer, the gate lines 12 and the common lines 13
being arranged in parallel to one another (see FIG. 4A). Inthis
case, although the common line 13 is arranged on the gate line
12 side of an adjacent pixel, the common line 13 may be
arranged on the gate line 12 side of the pixel in which the
common line 13 is arranged. Alternatively, the common line
13 may be arranged in a substantially intermediate position
between adjacent gate lines 12.

[0047] A transparent conductive layer composed of, for
example, ITO is formed across the entire surface of the trans-
parent substrate 11 having the gate lines 12 and the common
lines 13 and subjected to photolithography and wet etching to
form lower electrodes 14 (see FIG. 4B). At this time, trans-
parent conductive material layers 14a each in the form of an
island, for example, a rectangle are formed on portions of
surfaces of the common lines 13 that will intersect source
lines and that are located each located between adjacent pix-
els in such a manner that the transparent conductive material
layers 14a each have a size larger than the width of the
common lines 13 and the width of the source lines (see FIGS.
1,5, and 6). The lower electrodes 14 are not connected to the
gate lines 12 or gate electrodes (G). The lower electrodes 14
are electrically connected to the common lines 13 to function
as common electrodes. The transparent conductive material
layers 14a in the form of an island are electrically connected
to the common lines 13. In this case, the transparent conduc-
tive material layers 14a is not directly connected to the lower
electrodes 14. The reasons why the transparent conductive
material layers 14q in the form of an island each have a size
larger than the widths of the source lines and the common
lines are that smooth bumps of the source lines to be formed
in the subsequent step are obtained and that the concentration
of charges due to static electricity is prevented.

[0048] The portions of the common lines 13 that will inter-
sect the source lines are not brought into contact with an
etching solution during the wet etching because the transpar-
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ent conductive material layers 14a in the form of an island
having a size larger than the widths of the common lines 13
and the skin layer are arranged on the portions of the surfaces
of the common lines 13 that will intersect the source lines and
that are each located between adjacent pixels. Thus, the sur-
face state and the cross-sectional shape of the portions of the
common lines 13 that will intersect the source lines can be
formed as designed.

[0049] In this way, the lower electrodes 14 and the trans-
parent conductive material layers 14a each in the form of an
island are formed. Then a first insulating film 15 composed of
silicon nitride is formed across the entire surface (see FIG.
4C). Subsequently, for example, a a-Si layer and an n+ a-3i
layer are formed across the entire surface of the first insulat-
ing film 15 and subjected to photolithography and etching to
form semiconductor layers 16 in respective regions where
TFTs will be formed, the semiconductor layers 16 each being
in the form of an island and constituted by the a-Si layer and
the n+ a-Si layer (see FIG. 4D). Portions of the gate lines 12
located at positions where the semiconductor layers 16 are
formed serve as gate electrodes G.

[0050] Forexample, aconductive layer having a three-layer
structure of Mo/ Al/Mo is formed across the entire surface of
the transparent substrate 11 having the semiconductor layers
16 and subjected to photolithography and etching to form
source lines 17 and drain electrodes D (see FIG. 4E). Source
electrodes S and the drain electrodes D of the source lines 17
overlap the surfaces of the semiconductor layers 16.

[0051] An insulating film 18 composed of silicon nitride is
formed across the entire surface of the resulting substrate.
Contact holes 19 are formed in the insulating film 18 located
at positions corresponding to the drain electrodes D to par-
tially expose the drain electrodes D (see FIG. 4F). A trans-
parent conductive layer composed of, for example, ITO is
formed across the entire surface and subjected to photolithog-
raphy and etching to form upper electrodes 21 in regions of
the insulating film 18 separated by the gate lines 12 and the
source lines 17 in such a manner that the pattern shown in
FIG. 1 is obtained, the upper electrodes 21 each having a
plurality of slits 20 for providing a fringe-field effect, and the
slits being arranged in parallel (see FIG. 4G). Each of the
upper electrodes 21 is electrically connected to a correspond-
ing one of the drain electrodes D through a corresponding one
of the contact holes 19 and thus functions as a pixel electrode.
[0052] A predetermined alignment layer (not shown) is
formed across the entire surface to complete the array sub-
strate AR. The resulting array substrate AR is arranged to face
aseparately formed color filter substrate. The periphery of the
substrates is sealed with a sealing material. A liquid crystal
material is filled into the gap between the substrates to obtain
the FFS-mode liquid crystal display device 10A according to
this embodiment. The color filter substrate (not shown)
includes, in sequence, a transparent substrate such as a glass
substrate, a color filter layer, an overcoat layer, and an align-
ment layer. The color filter substrate has substantially the
same structure as those of liquid crystal display devices oper-
ating in a twisted nematic (TN) mode in the related art, except
that common electrodes are not arranged.

[0053] The FFS-mode liquid crystal display device 10A
according to this embodiment includes the transparent con-
ductive material layers 14a arranged at intersections of the
source lines 17 and the common lines 13, so that the common
lines 13 located at the intersections of the source lines 17 and
the common lines 13 are not brought into contact with an
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etching solution during the formation of the lower electrodes
14. Thus, the common lines 13 located at the intersections of
the source lines 17 and the common lines 13 have the surface
state and the cross-sectional shape as designed. Therefore,
breaks are less likely to occur at the intersections of the source
lines 17 and the common lines 13. Furthermore, even when
static electricity is induced to the common lines 13, the
induced static charges are dispersed by the transparent con-
ductive material layers 14a in the form of an island. Thereby,
an electrostatic breakdown is less likely to occur between the
common lines 13 and the source lines 17.

[0054] In the foregoing embodiment, the transparent con-
ductive material layers 14« in the form of an island composed
of a material the same as that constituting the lower electrodes
14 are arranged on the common lines 13 at the intersections of
the source lines 17 and the common lines 13. Alternatively,
the use of another conductive material may also provide the
foregoing effect. In the case where another metallic conduc-
tive material is used, however, a step of forming a layer
composed of the conductive material is separately required.
Thus, no advantage is provided by the use of another conduc-
tive material. In the foregoing embodiment, the transparent
conductive material layers 14a in the form of an island have a
rectangular shape. Alternatively, the transparent conductive
material layers 14a may be in the form of a circle, ellipse, or
polygon. In the foregoing embodiment, the lower electrodes
14 and the upper electrodes 21 are composed of ITO. Alter-
natively, the use of IZ0 also provides the same effect. Fur-
thermore, in the foregoing embodiment, the gate lines and the
source lines are constituted by the two-layer structure of
Mo/Al or the three-layer structure of Mo/Al/Mo. Alterna-
tively, for example, a Nd—Al alloy may be used in place of
Al

[0055] In the foregoing embodiment, the transparent con-
ductive material layers 14a in the form of an island composed
ofamaterial the same as that constituting the lower electrodes
14 are arranged on the common lines 13 at the intersections of
the source lines 17 and the common lines 13. Alternatively,
the transparent conductive material layers 14¢ may have
another structure as long as the transparent conductive mate-
rial layers 14q are arranged on at least the common lines 13 at
the intersections of the source lines 17 and the common lines
13. Also in this case, the same effect can be provided.

[0056] Liquid crystal display devices according to modifi-
cations of the invention will be described with reference to
FIGS. 7and 8. In FIGS. 7 and 8, the same components shown
in FIG. 5 are designated using the same reference numerals,
and the detailed description is omitted. In a liquid crystal
display device 10B according to a first modification shown in
FIG. 7, although the transparent conductive material layers
14a are in the form of an island in the foregoing embodiment,
the transparent conductive material layers 14a covers the
entire surface of the common lines 13 in the first modification.
In other words, in the liquid crystal display device 10B,
adjacent lower electrodes 14 are electrically connected to
each other through not only the common lines 13 but also the
transparent conductive material layers 14a arranged on the
common lines 13. Thus, in the liquid crystal display device
10B, the resistance of the common lines 13 is substantially
reduced to stabilize the potential of each lower electrode 14
functioning as a common electrode, improving nonunifor-
mity in display quality of the pixels. Thereby, the liquid
crystal display device 103 having excellent display quality is
obtained.
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[0057] 1Inaliquid crystal display device 10C according to a
second modification shown in FIG. 8, transparent conductive
material layers 146 in the form of an island are further
arranged on surfaces of the gate lines 12 at intersections of the
source lines 17 and the gate lines 12 in addition to the struc-
ture of the liquid crystal display device 10B according to the
first modification. The gate lines 12 each have a width larger
than that of the common lines 13; hence, breaks of the source
lines and short circuits between the source lines and the gate
lines due to static electricity at the intersections of the source
lines and the gate lines are less likely to occur. The arrange-
ment of the transparent conductive material layers 145 on the
surfaces of the gate lines 12 at the intersections of the source
lines 17 and the gate lines 12 provides the same effect as the
liquid crystal display device 10B according to the first modi-
fication and further inhibits the occurrence of the breaks of the
source lines and the short circuits between the source lines
and the gate lines due to static electricity at the intersections
of the source lines and the gate lines.

Comparative Embodiment

[0058] An FFS-mode liquid crystal display device 10D
according to a comparative embodiment will be described
according to the sequence of steps in a production process
with reference to FIGS. 9 and 10. The FFS-mode liquid
crystal display device 10D according to the comparative
embodiment differs from the FFS-mode liquid crystal display
device 10A according to the foregoing embodiment only in
that the transparent conductive material layers 14a in the form
of an island are not arranged on the common lines 13 at the
intersections of the source lines 17 and the common lines 13.
Accordingly, hereinafter, the FFS-mode liquid crystal display
device 10D according to the comparative embodiment will be
described with reference to FIGS. 1 to 4, in which the same
components as in the FFS-mode liquid crystal display device
10A according to the foregoing embodiment are designated
using the same reference numerals.

[0059] An array substrate AR of the FFS-mode liquid crys-
tal display device 10D according to the comparative embodi-
ment is produced by forming a two-layer film across the entire
surface of a transparent substrate 11 such as a glass substrate,
the two-layer film having a lower layer composed of Al and an
upper layer composed of Mo, and subjecting the two-layer
film to photolithography and wet etching to form a plurality of
gate lines 12 and a plurality of common lines 13 constituted
by two-layer lines each having the lower Al layer and the
upper Mo layer, the gate lines 12 and the common lines 13
being arranged in parallel to one another. In this step, the gate
lines 12 and the common lines 13 are brought into contact
with an etching solution for the first time. Then a transparent
conductive layer composed of, for example, ITO is formed
across the entire surface of the transparent substrate 11 having
the gate lines 12 and the common lines 13. Up to this point, the
same production process as that of the FFS-mode liquid crys-
tal display device 10A according to the embodiment is
employed.

[0060] A lower electrodes 14 are formed by photolithogra-
phy and wet etching so as to be electrically connected to the
common lines 13 but so as not to be electrically connected to
the gate lines 12 or gate electrodes G. At this point, the gate
lines 12 and the common lines 13 are covered with the trans-
parent conductive layer before wet etching. When predeter-
mined portions of the transparent conductive layer are com-
pletely removed by etching, the gate lines 12 and the common
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lines 13 are partially exposed to an etching solution. In other
words, at this point, the gate lines 12 and the common lines 13
are brought into contact with the etching solution for the
second time. The transparent conductive layer preferably has
a uniform thickness. However, the transparent conductive
layer has nonuniformity in thickness to some extent because
of irregularities due to the gate lines 12 and the common lines
13. Moreover, the etching rate of the transparent conductive
layer varies from one portion to another because a stirring
state is not generally uniform during wet etching. Thus, a
period of time required to remove the transparent conductive
layer arranged on the gate lines 12 and the common lines 13
by etching varies from one portion to another.

[0061] Therefore, portions of the gate lines 12 and the
common lines 13 exposed by etching the transparent conduc-
tive layer at a higher etching rate are in contact with the
etching solution until other portions of the transparent con-
ductive layer are removed by etching at a lower etching rate.
The etching solution for the transparent conductive layer is
acidic. The acidic etching solution can dissolve Mo, Al, and
Al alloys. The portions of the gate lines 12 and the common
lines 13 exposed by etching the transparent conductive layer
atahigher etching rate are etched with the etching solution for
the transparent conductive layer. Thus, in the array substrate
AR of the FFS-mode liquid crystal display device 10D
according to the comparative embodiment, the gate lines 12
and the common lines 13 have cross-sectional shapes differ-
ent from the design shapes or smaller widths.

[0062] Steps from a step subsequent to the formation of the
lower electrodes 14 to the completion of the FFS-mode liquid
crystal display device 10D are the same as in the FFS-mode
liquid crystal display device 10A according to the foregoing
embodiment, and the detailed description is omitted. In the
resulting FFS-mode liquid crystal display device 10D, since
the gate lines and the common lines located between adjacent
pixels are brought into contact with the etching solution
twice, the common lines and the gate lines are excessively
etched, so that the surface states or cross-sectional shapes
thereof are changed from the designed states or shapes. In the
FFS-mode liquid crystal display device 10D according to the
comparative embodiment, therefore, breaks and short circuits
occur frequently at intersections between the source lines and
the common lines and between the source lines and the gate
lines.

[0063] The liquid crystal display devices according to the
embodiment and the modifications of the invention have been
described above. Such liquid crystal display devices accord-
ing to the embodiment and the modifications of the invention
can be used in electronic apparatuses such as personal com-
puters, mobile phones, and personal digital assistants. FIG.
11A exemplary shows a liquid crystal display device 41
incorporated in a personal computer 40. F1IG. 11B exemplary
shows an FFS-mode semi-transmissive liquid crystal display
panel 46 incorporated in a mobile phone 45. Detailed descrip-
tions of basic structures of the personal computer 40 and the
mobile phone 45 are omitted because they are well known to
those skilled in the art.

What is claimed is:

1. A liquid crystal display device comprising:

a pair of substrates;

a plurality of gate lines arranged in parallel;

a plurality of common lines arranged in parallel;
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a plurality of source lines arranged in such a manner that
the direction of the source lines intersects the direction
of the gate lines and the common lines;

thin-film transistors arranged in the vicinity of intersec-
tions of the gate lines and source lines;

lower electrodes arranged in respective regions separated
by the plurality of gate lines and the plurality of source
lines, the lower electrodes being connected to the com-
mon lines and composed of a transparent conductive
material;

upper electrodes arranged on surfaces of the respective
lower electrodes with an insulating film provided
between the upper electrode and the lower electrode,
each of the upper electrodes having a plurality of slits
arranged in parallel with one another, the gate lines, the
common lines, the source lines, the thin-film transistors,
the lower electrodes, and upper electrodes being
arranged on one of the pair of substrates;

a liquid crystal layer arranged between the pair of sub-
strates and driven by an electric field produced between
the lower electrodes and the upper electrodes; and

first conductive material layers arranged on surfaces of the
common lines at intersections of the source lines and the
common lines.

2. The liquid crystal display device according to claim 1,
wherein each of the first conductive material layers has a size
larger than the width of a corresponding one of the source
lines and the width of a corresponding one of the common
lines.

3. The liquid crystal display device according to claim 1,
wherein the first conductive material layers are composed of
a material the same as that constituting the lower electrodes.

4. The liquid crystal display device according to claim 3,
wherein the first conductive material layers are integrally
connected to the lower electrodes.

5. The liquid crystal display device according to claim 1,
further comprising:

second conductive material layers arranged on surfaces of
the gate lines at intersections of the source lines and the
gate lines,

wherein the second conductive material layers are electri-
cally isolated from the first conductive material layers.

6. A method for producing a liquid crystal display device,
comprising:

(1) forming a conductive layer across the entire surface of

a transparent substrate and etching the conductive layer
to form a plurality of gate lines having gate electrode
portions and a plurality of common lines in such a man-
ner that the gate lines and the common lines are in
parallel with one another;

(2) forming a transparent conductive layer across the entire
surface of the resulting substrate and etching the trans-
parent conductive layer to form lower electrodes elec-
trically connected to the common lines and located at
positions corresponding to respective pixels and to form
first transparent conductive material layers on surfaces
of the common lines each between at least adjacent
lower electrodes;

(3) forming a first insulating film across the entire surface
of the resulting substrate;

(4) forming a semiconductor layer across the entire surface
of the first insulating film and etching the first insulating
film to form semiconductor layers at positions corre-
sponding to gate electrode portions;
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(5) forming a conductive layer across the entire surface of
the resulting substrate and etching the conductive layer
to form source lines such that the direction of the source
lines intersects the direction of the gate lines and the
common lines and to form drain electrodes and source
electrodes in the respective pixels in such a manner that
each of the source electrodes is electrically connected to
a corresponding one of the source lines;

(6) forming a second insulating film across the entire sur-
face of the resulting substrate;

(7) forming contact holes in portions of the second insu-
lating film located on the drain electrodes in the respec-
tive pixels:

(8) forming a transparent conductive layer across the entire
surface of the resulting substrate and etching the trans-
parent conductive layer to form upper electrodes having
a plurality of'slits in the respective pixels and to electri-
cally connect the upper electrodes to the respective drain
electrodes; and

(9) arranging the resulting substrate to face a color filter
substrate and then filling a liquid crystal material into the
gap between the substrates.
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7. The method for producing a liquid crystal display device

according to claim 6, further comprising:

in forming the transparent conductive layer across the
entire surface of the resulting substrate and etching the
transparent conductive layer to form the lower elec-
trodes electrically connected to the common lines and
located at the positions corresponding to the respective
pixels and to form the first transparent conductive mate-
rial layers on the surfaces of the common lines each
between at least adjacent lower electrodes, forming a
second transparent conductive material layers on sur-
faces of the gate lines at intersections of the source lines
and the gate lines in such a manner that the second
transparent conductive material layers are electrically
isolated from the first transparent conductive material
layers.

8. An electronic apparatus comprising:

the liquid crystal display device according to claim 1.

* ok % %k %
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