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ABSTRACT

A gate line (40) has a two-layered structure comprising a
lower gate line (40a) made of material identical to a pixel
electrode (70), and positioned in the same layer as the pixel
electrode (70), and an upper gate line (405) layered on the
lower gate line (4056), and made of material having a higher
electrical conductivity than the transparent conductive mate-
rial. According to this structure, it is possible to reduce the
number of times performing exposure processes in manufac-
turing an in-plane switching type liquid crystal panel.
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LIQUID CRYSTAL PANEL, LIQUID CRYSTAL
DISPLAY DEVICE, AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2010-266443 filed on Nov. 30, 2010, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
panel, and in particular, to a technique for reducing the num-
ber of times of application of exposure in a process of manu-
facturing the same.

[0004] 2. Description of the Related Art

[0005] Inanin-plane switching liquid crystal panel, a pixel
electrode and a common electrode (opposed electrode) are
both formed on one substrate where a thin film transistor is
formed. As described in International Publication No.
W02001/018597, this kind of liquid crystal panel includes
one of a type in which a common electrode is formed in the
uppermost layer except an alignment layer film, and other
conductor layers, such as a pixel electrode, a signal line, and
so forth, are formed in layers lower than the common elec-
trode. In this type, an electric field generated by a voltage
applied to a video signal line (drain line) can be shielded by
using the common electrode. Consequently, a black matrix
for hiding influence of an electric field on displayed image
canbe reduced in its width and thus an aperture ratio ofa pixel
can be improved.

[0006] A substrate of a liquid crystal panel is generally
manufactured using a photolithographic method. In the pho-
tolithographic method, a resist film is patterned on an insu-
lating film and a conductor film at exposure processes, and the
insulating film or the like is etched using the resist film as a
mask.

SUMMARY OF THE INVENTION

[0007] Exposure processes are desired fewer in the number
of times of performing the process, because the exposure
processes cost much due to using an expensive photo mask.
[0008] An aspect ofthe present invention aims to reduce the
number of times performing exposure processes in manufac-
turing of a liquid crystal panel and a liquid crystal display
device having a pixel electrode and a common electrode
formed on one substrate and a pixel electrode, a signal line,
and so forth formed in a layer lower than the common elec-
trode. Another aspect of the present invention aims to provide
a manufacturing method thereof.

[0009] According to an aspect of a liquid crystal panel
includes two substrates sandwiching liquid crystal; a thin film
transistor formed on one substrate of the two substrates and
having lines connected thereto; a pixel electrode formed on
the one substrate and made of a transparent conductive mate-
rial; and a common electrode formed on the one substrate and
made of a transparent conductive material. The pixel elec-
trode, the thin film transistor, and the lines are positioned in a
layer lower than the common electrode. A gate line of the
lines has a two-layered structure containing a lower line made
of material identical to the pixel electrode and positioned in a
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layer same as the pixel electrode, and an upper line layered on
the lower line and made of material having a higher electrical
conductivity than the transparent conductive material.

[0010] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device includ-
ing the above described liquid crystal panel.

[0011] According to the present invention, exposure using
amultiple gradation mask can be carried out to a resist film at
a process of forming a gate line and a pixel electrode. Con-
sequently, the gate line and the pixel electrode can both be
formed at a single exposure process, and therefore the number
of exposure processes can be reduced.

[0012] In an embodiment of the present invention, the thin
film transistor may include an electrode formed above a first
insulating film covering the gate line and the pixel electrode;
the common electrode may be formed on a second insulating
film over the first insulating film; and a connecting conductor
may be formed in a layer same as the common electrode and
made of material identical to the common electrode, the con-
necting conductor being connected the electrode of the thin
film transistor and the pixel electrode through a contact hole
formed in the first insulating film and the second insulating
film. According to this embodiment, the connection conduc-
tor can be formed without increasing the number of exposure
processes. In this embodiment, the electrode of the thin film
transistor may include a part positioned above the pixel elec-
trode; the part of the electrode and a part of the pixel electrode
may be positioned inside the contact hole; and the connecting
conductor may connect the part of the electrode and the part
of the pixel electrode together inside the contact hole. As a
result, it is possible to make a smaller connecting conductor,
and therefore the aperture ratio of a pixel can be improved.

[0013] In another embodiment of the present invention, an
auxiliary common line may be formed in a layer lower than
the common electrode and connected to the common elec-
trode through a contact hole; and the auxiliary common line
may have a two-layered structure containing a lower auxiliary
line positioned in a layer same as the pixel electrode and the
lower line of the gate line and made of material identical to the
pixel electrode, and an upper auxiliary line made of material
identical to the upper line of the gate line and layered on the
lower auxiliary line. In this embodiment, it is possible to
reduce the resistance of the common electrode by the auxil-
iary common line. Further, it is possible to form the auxiliary
common line without increasing the number of exposure
processes.

[0014] In another embodiment of the present invention, the
common electrode may have an auxiliary common line
formed thereon and made of material having a higher electri-
cal conductivity than the common electrode. In this embodi-
ment, it is possible to reduce the resistance of the common
electrode by the auxiliary common line. Further, it is possible
to form an auxiliary common line without increasing the
number of exposure processes.

[0015] In another embodiment of the present invention, a
drain line for receiving a video signal may be formed in a
layer lower than the common electrode and connected to the
thin film transistor, and an auxiliary common line, made of
material having a higher electrical conductivity than the com-
mon electrode, may be formed in a layer same as the drain line
and connected to the common electrode through a contact
hole. In this embodiment, it is possible to reduce the resis-
tance of the common electrode.
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[0016] In this embodiment, the thin film transistor may
include a channel formed of a semiconductor layer, and the
drain line and the auxiliary common line may have a two-
layered structure containing the semiconductor layer and a
conductor layer on the semiconductor layer. As a result, expo-
sure using a multiple gradation mask can be carried out to the
resist film at a process forming the channel, the drain line, and
the auxiliary common line. Consequently, it is possible to
form the channel, the drain line, and the auxiliary common
line at a single exposure process, and therefore, it is possible
to reduce the number of exposure processes.

[0017] Inanother embodiment of the present invention, the
common electrode may be formed such that a part of the
common electrode is positioned above a drain line connected
to the thin film transistor and receiving a video signal. In this
embodiment, an electric field generated by the drain line can
be shielded by the common electrode.

[0018] Inthis embodiment, a second insulating film and an
additional insulating portion may be formed between the part
of the common electrode and the drain line, the additional
insulating portion being made of material having a lower
dielectric constant than the second insulating film. As a result,
itis possible to reduce the capacity between the drain line and
the common electrode.

[0019] In this embodiment, the additional insulating por-
tion may be made of material for a resist film used in an
etching process forming the second insulating film. As a
result, the additional insulating portion can be formed without
increasing the number of exposure processes.

[0020] According to another aspect of the present inven-
tion, there is provided a method for manufacturing the liquid
crystal panel, the method comprising a process of layering a
conductor film on a transparent conductive film for forming
the pixel electrode, the conductor film having a higher elec-
trical conductivity than the transparent conductive film; a
process of forming a resist film on the conductor film; a
process of patterning the resist film to form, through exposure
using a multiple gradation mask, a first resist film patterned
corresponding to the pixel electrode and a second resist film
thicker than the first resist film and patterned corresponding to
a gate line of the lines, and a process of forming, using the first
resist film and the second resist film, the pixel electrode from
the transparent conductive film, and the gate line from the
transparent conductive film and the conductor film.

[0021] According to the present invention, the gate line and
the pixel electrode can both be made at a single exposure
process, and therefore, it is possible to reduce the number of
exposlire processes.

[0022] In one embodiment, the method may further com-
prise a process of forming a first insulating film for covering
the pixel electrode and the gate line; a process of forming an
electrode constituting the thin film transistor above the first
insulating film; a process of layering a second insulating film
over the first insulating film such that the second insulating
film covers the electrode of the thin film transistor; a process
of forming a transparent conductive film on the second insu-
lating film; and a process of forming, from the transparent
conductive film, a connecting conductor and the common
electrode, the connecting conductor being connected to the
pixel electrode and the electrode of the thin film transistor
through contact holes formed in the first insulating film and
the second insulating film. According to this embodiment, it
is possible to form a connecting conductor without increasing
the number of exposure processes.
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[0023] 1In one embodiment, the second resist film may be
patterned corresponding to an auxiliary common line to be
connected with the common electrode, in addition to the gate
line. In this embodiment, it is possible to form an auxiliary
common line without increasing the number of exposure
processes.

[0024] In one embodiment, the method may further com-
prise a process of layering on a transparent conductive film
for forming the common electrode, a conductor film having a
higher electrical conductivity than the transparent conductive
film; a process of forming a resist film on the conductor film;
a process of patterning the resist film to form, through expo-
sure using a multiple gradation mask, a third resist film pat-
terned corresponding to the common electrode, and a fourth
resist film thicker than the third resist film and patterned
corresponding to an auxiliary common line to be formed on
the common electrode; and a process of forming the common
electrode from the transparent conductive film, and the aux-
iliary common line from the conductive film, using the third
resist film and the fourth resist film. In this embodiment, it is
possible to form an auxiliary common line without increasing
the number of exposure processes.

[0025] In one embodiment, the method may further com-
prise a process of layering a conductor film on a semiconduc-
tor layer for forming a channel of the thin film transistor; a
process of forming a resist film on the conductor film; a
process of patterning the resist film to form, through exposure
using a multiple gradation mask, a fifth resist film patterned
corresponding to the channel, and a sixth resist film thicker
than the fifth resist film and patterned corresponding to a drain
line connected to the thin film transistor and an auxiliary
common line formed along the drain line; and a process of
forming the channel from the semiconductor layer, and the
drain line and the auxiliary common line from the semicon-
ductor layer and the conductor layer, using the fifth resist film
and the sixth resist film. As a result, it is possible to form an
auxiliary common line without increasing the number of
eXposlire processes.

[0026] In one embodiment, the method may further com-
prise a process of forming a first insulating film for covering
the pixel electrode and the gate line to be connected to the thin
film transistor; a process of forming a second insulating film
over the first insulating film; a process of forming, on the
second insulating film, a resist film having a lower dielectric
constant than the second insulating film; a process of pattern-
ing the resist film to form, through exposure using a multiple
gradation mask, a resist film having a part thicker than other
part thereof on the drain line; a process of removing the resist
film except the thicker part of the resist film; and a process of
forming the common electrode on the thicker part of the resist
film and the second insulating film. In this embodiment, it is
possible to form an insulating part having a low dielectric
constant between the common electrode and the drain line
without increasing the number of exposure processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is an exploded perspective view of a liquid
crystal panel according to one embodiment of the present
invention;

[0028] FIG. 2 is a plan view of a pixel formed on one
transparent substrate (first substrate) constituting the liquid
crystal panel,
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[0029] FIG. 3 is a cross sectional view of the liquid crystal
panel with a cross section along the line III-I1I shown in FIG.
2

[0030] FIG. 4 is a cross sectional view of the liquid crystal
panel with a cross section along the line TV-TV shown in FIG.
2;

[0031] FIG. 5is a diagram explaining a first exposure pro-
cess in a manufacturing process of the first substrate;

[0032] FIG. 6 is a diagram explaining a second exposure
process in a manufacturing process of the first substrate;
[0033] FIG. 7 is a diagram explaining a third exposure
process in a manufacturing process of the first substrate;
[0034] FIG. 8 is a diagram explaining the third exposure
process;
[0035]
process;
[0036] FIG. 10 is a diagram explaining a fourth exposure
process in a manufacturing process of the first substrate;
[0037] FIG. 11 is a diagram showing another example of a
connection structure between a source electrode and a pixel
electrode shown in FIG. 3;

[0038] FIG. 12 is a plan view of a first substrate of a liquid
crystal panel according to a second embodiment of the
present invention;

[0039] FIG.13is across sectional view of the first substrate
shown in FIG. 12, with a cross section along the line XT1I- X111
shown in FIG. 12;

[0040] FIG. 14 is across sectional view of the first substrate
shown in FIG. 12, with a cross section along the line XTV-XIV
shown in FIG. 12;

[0041] FIG. 15 is a plan view of a first substrate of a liquid
crystal panel according to a third embodiment of the present
invention;

[0042] FIG.161s across sectional view of the first substrate
shown in FIG. 15, with a cross section along the line XVI-
XVI shown in FIG. 15;

[0043] FIG.17is across sectional view of the first substrate
shown in FIG. 15, with a cross section along the line X VII-
XVII shown in FIG. 15;

[0044] FIG. 18A is a diagram showing a manufacturing
process of a first substrate according to the third embodiment;
[0045] FIG. 18B is a diagram showing a manufacturing
process of a first substrate according to the third embodiment;
[0046] FIG. 18C is a diagram showing a manufacturing
process of a first substrate according to the third embodiment;
[0047] FIG. 18D is a diagram showing a manufacturing
process of a first substrate according to the third embodiment;
[0048] FIG. 19 is a plan view of a first substrate of a liquid
crystal panel according to a fourth embodiment of the present
invention;

[0049] FIG.201s across sectional view of the first substrate
shown in FIG. 19, with a cross section along the line XX-XX
shown in FIG. 19;

[0050] FIG. 21 is across sectional view of the first substrate
shown in FIG. 19, with a cross section along the line XXI-
XXI shown in FIG. 19;

[0051] FIG. 22 is a cross sectional view of a liquid crystal
panel according to a fifth embodiment of the present inven-
tion, with the cross section same as that along the line shown
in FIG. 2;

[0052] FIG. 23 is a cross sectional view of the liquid crystal
panel according to the fifth embodiment of the present inven-
tion, with the cross section same as that along the line IV-1V
shown in FIG. 2; and

FIG. 9 is a diagram explaining the third exposure
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[0053] FIG. 24 is a diagram showing a process forming an
additional insulating portion in the fifth embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0054] 1In the following, one embodiment of the present
invention will be described with reference to the accompany-
ing drawings. FIG. 1 is an exploded perspective view of a
liquid crystal display device according to an embodiment of
the present invention.

[0055] As shown in FIG. 1, a liquid crystal display device
includes a liquid crystal panel 10. The liquid crystal display
device further includes an upper frame 12 and a lower frame
14 that together sandwich the outer circumferential edge of
the liquid crystal panel 10. The liquid crystal panel 10 is held
by these frames 12, 14. Further, the liquid crystal display
device includes a backlight unit (not shown). The backlight
unit is placed on the rear side of the liquid crystal panel 10,
and irradiates light toward the rear surface of the liquid crystal
panel 10.

[0056] FIG. 2 is a plan view of a pixel formed on one
transparent substrate 16 constituting the liquid crystal panel
10. FIGS. 3 and 4 are cross sectional views of the liquid
crystal panel 10. FIG. 3 is a cross sectional view with a cross
section along the line III-III shown in FIG. 2, and F1G. 4 is a
cross sectional view with a cross section along the line IV-IV
shown in FIG. 2.

[0057] As shown in FIGS. 3 and 4, the liquid crystal panel
10 has a first substrate 16 and a second substrate 18 opposed
to each other. These two substrates are transparent substrates
(e.g., a glass substrate). The first substrate 16 and the second
substrate 18 sandwich liquid crystal 20. Polarizers 22 in a
crossed-Nicols arrangement are respectively attached on the
surface of the first substrate 16 opposite from the liquid crys-
tal 20 and on the surface of the second substrate 18 opposite
from the liquid crystal 20.

[0058] A black matrix 130 is formed on the surface of the
second substrate 18 toward the liquid crystal 20. The black
matrix 130 is made of a highly light-shielding material such
as resin that contains black pigment and carbon, metal chro-
mium, and nickel. The black matrix 130 has a function of
preventing light from being irradiated to a channel 53 ofa thin
film transistor 50 formed on the first substrate 16. Further, in
this example described here, as shown in FIG. 4, the black
matrix 130 is positioned on a drain line 56 to be described
later formed on the first substrate 16, being formed along the
drain line 56.

[0059] Further, color filters 100 are formed on the surface
of the second substrate 18 toward the liquid crystal 20. The
color filters 100 are made of colored films in a plurality of
colors (e.g., three colors including red, green, and blue).
[0060] Further, an overcoat film 120 is formed on the side
of the second substrate 18 toward the liquid crystal 20, cov-
ering the color filters 100. The surface of the second substrate
18 toward the liquid crystal 20 is protected by the overcoat
film 120.

[0061] The first substrate 16 will be described. In the
description below, the direction in which the first substrate 16
faces the liquid crystal 20 is defined as an upper direction.
[0062] As shown in FIGS. 2 and 3, a plurality of thin film
transistors (hereinafter referred to as a TFT) 50 functioning as
aswitch for controlling the liquid crystal 20 are formed on the
surface of the first substrate 16 toward the liquid crystal 20
(the upper surface). The TFT 50 includes a channel 53 formed
of a semiconductor layer of amorphous silicon, microcrystal
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silicon, and so forth, a drain electrode 52, and a source elec-
trode 54. The drain electrode 52 and the source electrode 54
are respectively positioned on the opposite sides to each other
across the channel 53. In this embodiment, one electrode, of
the two electrodes 52, 54, connected to a pixel electrode 70 is
refereed as the source electrode 54, and the other electrode 52
is referred as a drain electrode.

[0063] As shown in FIG. 2, a plurality of gate lines 40
connected to the respective TFT’s 50 are formed on the first
substrate 16. In this example, the drain lines 52, the source
electrodes 54, and the channels 53 are positioned above the
gate line 40. Therefore, the gate line 40 includes parts func-
tions as a gate electrode of the TFT 50. A scan signal (a gate
voltage) for turning on/off the TFT 50 is applied to the gate
line 40.

[0064] As shown in FIG. 4, a plurality of drain lines 56
connected to the drain electrodes 52 are formed on the first
substrate 16. A video signal (a voltage signal indicating a
grayscale value of each pixel) is applied to the drain line 56.
The plurality of gate lines 40 and the plurality of drain lines 56
are arranged in matrix. That is, the plurality of gate lines 40
are formed substantially perpendicular to the respective drain
lines 56. An area surrounded by two adjacent gate lines 40 and
two adjacent drain lines 56 constitutes a single pixel, and each
pixel is provided with a TFT 50.

[0065] The liquid crystal panel 10 drives the liquid crystal
20 in an in-plane switching mode (thatis, IPS mode), and thus
the pixel electrode 70 and a common electrode 80 opposed to
the pixel electrode 70 are both formed on the first substrate 16.
The pixel electrode and the common electrode 80 are both
made of transparent conductive material (e.g., indium tin
oxide (ITO) or indium zinc oxide).

[0066] A video signalisapplied via the drain line 56 and the
TFT 50 to the pixel electrode 70. The pixel electrode 70 has a
substantially rectangular shape in a plan view, and a size
corresponding to a single pixel.

[0067] As shown in FIG. 2, the common electrode 80
includes a common line 82. In the example described here, as
shown in FIG. 4, the common line 82 is positioned above and
formed along the drain line 56. The common line 82 connects
parts of the common electrode 80 that are opposed to the pixel
electrode 70 together. With the above, the substantially same
potential is resulted throughout the whole common electrode
80.

[0068] A plurality of slits are formed on a part of the com-
mon electrode 80 that is opposed to the pixel electrode 70.
[0069] Specifically, in the example shown in FIG. 2, each
slit is long in the direction along the drain line 56. Further,
each slit is bent midway thereof, and therefore a part thereof
on one side (the upper side in FIG. 2) and a part of the other
side (the lower side in FIG. 2) across the midway part are
difference from each other in angle relative to a rubbing
direction.

[0070] The pixel electrode 70, the TFT 50, and lines con-
nected to the TFT 50 (specifically, the gate line 40 and the
drain line 56) are positioned in a lower layer (a layer closer to
the first substrate 16) than the common electrode 80. In the
example described here, as shown in FIG. 3, the common
electrode 80 is formed in the uppermost layer (a layer closest
to the liquid crystal 20) except an alignment film (not shown)
for aligning liquid crystal 20.

[0071] As shown in FIG. 3, the gate line 40 has a two-
layered structure. That s, the gate line 40 has a lower gate line
40q and an upper gate line 405. The lower gate line 40a is
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made of transparent conductive material identical to the pixel
electrode 70, and positioned in the same layer as the pixel
electrode 70. That is, the pixel electrode 70 and the lower gate
line 404 are both positioned on the first substrate 16. The
upper gate line 405 is layered on the lower gate line 40a. The
lower gate line 404 is patterned into a shape corresponding to
the upper gate line 405. The whole upper gate line 405 is
positioned on the lower gate line 40a, being in contact with
the lower gate line 40a. Such a two-layered structure of the
gate line 40 enables a manufacturing method to be described
later.

[0072] Theupper gate line 405 1s made of material different
from the lower gate line 40a and the pixel electrode 70.
Specifically, the upper gate line 405 is made of metal having
a higher electrical conductivity than the transparent conduc-
tive material of which the pixel electrode 70 or the like is
made. For example, the gate line 405 is made of copper,
molybdenum, aluminum, or the like. This enables a smaller
resistance of the gate line 40 as a whole.

[0073] As shown in FIG. 3, a gate insulating film 42 is
formed on and covering the upper side of the gate line 40 and
the pixel electrode 70. The gate insulating film 42 is made of
inorganic material such as semiconductor oxide (oxide sili-
con (810,)), nitride semiconductor (silicon nitride (SiN,.)) or
the like.

[0074] As shown in FIG. 3, the channel 53, the source
electrode 54, and the drain electrode 52 of the TFT 50 are
formed above the gate insulating film 42. In this example, the
channel 53 or the like is formed on the gate insulating film 42.
[0075] As shown in FIG. 4, the drain line 56 connected to
the drain electrode 52 is formed above the gate insulating film
42. In the above, the drain line 56 is positioned in the same
layer as the electrodes 52, 54, being formed on the gate
insulating film 42.

[0076] As shownin FIGS. 3 and 4, the source electrode 54,
the drain electrode 52, and the drain line 56 have a two-
layered structure including a semiconductor layer 60 for
forming the channel 53 and a conductor layer layered on the
semiconductor layer 60 (e.g., a metal layer such as copper,
molybdenum, aluminum, and so forth). That is, the semicon-
ductor layer 60 is patterned into a shape corresponding to the
source electrode 54, the drain electrode 52, and the drain line
56. Then, the whole conductor layer forming the source elec-
trode 54, the drain electrode 52, and the drain line 56 is
positioned on and in contact with the semiconductor layer 60.
[0077] As shown in FIGS. 3 and 4, a protective insulating
film 44 is formed on and covering the upper side of the
channel 53, the source electrode 54, the drain electrode 52,
and the drain line 56. The protective insulating film 44 is made
of inorganic material such as semiconductor oxide (oxide
silicon (Si0,)), nitride semiconductor (silicon nitride
(SiN,)), and so forth. The protective insulating film 44 pre-
vents humidity contamination ofthe semiconductor layer 60.
[0078] As shown in FIG. 4, the common electrode 80 is
formed on the protective insulating film 44. The common
electrode 80 is formed such that apart thereof is positioned
above the drain line 56 (that is, the part covers the drain line
56). In this example, the common electrode 80 includes the
common line 82. The common line 82 is positioned above the
drain line 56 and thus overlaps the drain line 56 in a plan view.
The common line 82 is wider than the drain line 56. As
described above, a video signal according to a grayscale value
of each pixel is applied to the drain line 56. The common line
82 has a function of shielding a noise of electric field due to
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change of the video signal. Consequently, it is possible to
make smaller the width of the black matrix for preventing
light transmission due to the noise of electric field.

[0079] As shown in FIG. 3, a connecting conductor 84 (a
connecting line) for connecting the source electrode 54 and
the pixel electrode 70 is formed in the same layer as the
common electrode 80. In this example, the connecting con-
ductor 84 is formed on the protective insulating film 44, and
is connected to the pixel electrode 70 and the source electrode
54 through contact holes 94, 92, respectively. The contact
hole 92 is formed above the source electrode 54 and pen-
etrates the protective insulating film 44. The contact hole 94 1s
formed above the pixel electrode 70 and penetrates the gate
insulating film 42 and the protective insulating film 44. The
two contact holes 92, 94 are positioned apart from each other.
The connecting conductor 84 is bridged between the contact
holes 92, 94, being connected to the pixel electrode 70 and the
source electrode 54 through the contact holes 94, 92, respec-
tively. Consequently, the source electrode 54 is electrically
connected to the pixel electrode 70. The connecting conduc-
tor 84 is made of transparent conductive material identical to
the common electrode 80.

[0080] AsshowninFIG. 2 orFIG. 3, aconnecting pad 32 is
formed on the pixel electrode 70. The connecting pad 32 is
positioned at the lower end of the contact hole 94, and in
contact with the pixel electrode 70. Thus, the connecting
conductor 84 is connected to the pixel electrode 70 through
the contacthole 94 and the connecting pad 32. The connecting
pad 32 is made of material having a higher electrical conduc-
tivity than the transparent conductive material of which the
pixel electrode 70 and the lower gate line 40a are made. In this
example, the connecting pad 32 is made of material identical
to the upper gate line 405 (that is, metal such as copper or
molybdenum). With the above, electric connection between
the lower end of the contact hole 94 and the pixel electrode 70
becomes more stabilized. Further, the connecting pad 32 is
positioned in the same layer as the upper gate line 4054. There-
fore, the connecting pad 32 can be formed at the same process
as the upper gate line 404, as to be described later. Inciden-
tally, the connecting pad 32 is slightly larger in size than the
contact hole 94.

[0081] A manufacturing method of the first substrate 16
will be described. FIGS. 5 to 10 are diagrams showing a
manufacturing process of the first substrate 16. In this
embodiment, the first substrate 16 is manufactured through
four exposure processes. FIG. 5is a diagram explaining a first
exposure process; FIG. 6 is a diagram explaining a second
exposure process; FIGS. 7to 9 are diagrams explaining a third
exposure process; and FIG. 10 is a diagram explaining a
fourth exposure process.

[0082] As shown in 5A in FIG. 5, initially, a transparent
conductive film (e.g., a film such as indium tin oxide or
indium zinc oxide) 79 for forming the pixel electrode 70 and
a conductor film 49 for forming the upper gate line 405 and
the connecting pad 32 are layered on the first substrate 16. For
example, the transparent conductive film 79 is formed on the
first substrate 16 by means of spattering or vacuum evapora-
tion, and the conductor film 49 (a metal film such as e.g,,
copper, molybdenum, aluminum, and so forth) having a
higher electrical conductivity than the transparent conductive
film 79 is formed on the transparent conductive film 79.
Thereafter, a resist film 99 is formed on the conductor film 49.
[0083] Thereafter, as shown in 5B, the resist film 99 is
patterned through an exposure process using a photo mask
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and a development process, and thereby resist films 99A, 99B
are formed on the conductor film 49. In the above exposure
process, a multiple gradation mask having three levels of light
transmissivity, such as a half-tone mask, a gray tone mask, is
used as the photo mask, and thereby two resist films having
different thickness are formed. Specifically, a thin resist film
99A having a pattern corresponding to the pixel electrode 70
and a thick resist film 99B, thicker than the thin resist film
99A, corresponding to the gate line 40 and the connecting pad
32 are formed.

[0084] Thereafter, the pixel electrode 70 is formed using
the thin resist film 99A, and the gate line 40 and the connect-
ing pad 32 are formed using the thick resist film 99B. Spe-
cifically, initially, the conductor film 49 and the transparent
conductive film 79 are etched using both of the thin resist film
99A and the thick resist film 99B as a mask. Consequently, as
shown in 5C in FIG. 5, the conductor film 49 and the trans-
parent conductive film 79 are removed in the absence area of
the thin resist film 99A and the thick resist film 99B. There-
after, as shown in 5D, the thin resist film 99A is removed. At
the time of removing the thin resist film 99A, the thick resist
film 99B, being thicker than the thin resist film 99A, is left
having become thinner. Thereafter, the conductor film 49 is
etched using the residual thick resist film 99B as a mask, and
the thick resist film 99B is then completely removed. Conse-
quently, as shown in 5E in FIG. 5, the above described gate
line 40, the connecting pad 32, and the pixel electrode 70 are
formed. That is, the pixel electrode 70 and the lower gate line
40a are made from the transparent conductive film 79, and the
upper gate line 405 and the connecting pad 32 are made from
the conductor film 49.

[0085] Thereafter, as shown in FIG. 6, the gate insulating
film 42 is formed on and covering the gate line 40, the pixel
electrode 70, and the connecting pad 32. The gate insulating
film 42 is formed using, e.g., plasma enhanced chemical
vapor deposition.

[0086] Thereafter, the channel 53, the source electrode 54,
and the drain electrode 52 of the TFT 50, and the drain line 56
are formed on the gate insulating film 42. In this embodiment,
amultiple gradation mask is used so that those are formed in
ONe eXPOosure Process.

[0087] Specifically, the semiconductor layer 60, an Ohmic
layer (not shown), and a conductor film for forming the source
electrode 54, and so forth, are layered on the gate insulating
film 42 by means of plasma enhanced chemical vapor depo-
sition or sputtering. Thereafter, a resist film is formed on the
conductor film. Then, similar to the method shown in 5C in
FIG. 5, the resist film is patterned utilizing a multiple grada-
tion mask. That is, a thin resist film corresponding to a chan-
nel and a thick resist film corresponding to the source elec-
trode 54, the drain electrode 52, and the drain line 56 are
formed on the conductor film. Then, using the two resist
patterns having different thickness, the channel 53, the source
electrode 54, the drain electrode 52, and the drain line 56 are
formed.

[0088] Thereafter, as shown in 7A in FIG. 7, the protective
insulating film 44 is formed on the gate insulating film 42,
covering the TFT 50. Thereafter, a resist film 98 is layered on
the protective insulating film 44. For forming the protective
insulating film 44, e.g., plasma enhanced chemical vapor
deposition can be employed, similar to forming the gate insu-
lating film 42.

[0089] Thereafter, as shown in 7B and 7C, the contact hole
92 penetrating the protective insulating film 44 and the con-
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tact hole 94 penetrating the gate insulating film 42 and the
protective insulating film 44 are formed. Specifically, the
resist film 98 is patterned through an exposure process and a
development process. That is, a pattern (holes 984, 985) cor-
responding to the contact holes 92, 94 are formed on the resist
film 98 (see 7B). Thereafter, using the thus pattered resist film
98 as a mask, the protective insulating film 44 and the gate
insulating film 42 are etched, and thereafter, the resist film 98
is removed. With the above, the contact holes 92, 94 are
resulted (see 7C).

[0090] A terminal of the gate line 40 and a terminal of the
drain line 56 are positioned on the outer circumferential part
of the first substrate 16. On the outer circumferential part of
the first substrate 16, an opening is formed on the gate insu-
lating film 42 and the protective insulating film 44, and the
terminal of the gate line 40 is connected through the opening
to a driving circuit for applying a scan signal to the gate line
40. Further, the terminal of the drain line 56 is connected
through the opening to a driving circuit for applying a video
signal to the drain line 56. The opening for connection
between the terminal of the gate line 40 and the driving circuit
and the opening for connection between the terminal of the
drain line 56 and the driving circuit are formed at the same
time as the contact holes 92, 94 shown in FIG. 7.

[0091] FIG. 8 1s a cross sectional view of a terminal of the
gate line 40. The cross sections shown in 8A, 8B, and 8C in
FIG. 8 correspond to the respective processes shown in 7A,
7B, and C7 in FIG. 7. FIG. 9 is a cross sectional view of a
terminal of the drain line 56. The cross sections shown in 9A,
9B, and 9C in FIG. 9 correspond to the respective processes
shown in 7A, 7B, and 7C in FIG. 7.

[0092] As shown in 8A in FIG. 8, the gate insulating film
42, the protective insulating film 44, and the resist film 98 are
layered on a terminal of the gate line 40. As shown in 9A in
FIG. 9, the drain line 56 is formed on the gate insulating film
42, and a terminal of the drain line 56 is covered by the
protective insulating film 44 and the resist film 98.

[0093] Thereafter, asshown in 8B in FIGS. 8 and 9B in FIG.
9, the resist film 98 is patterned through the exposure process
and the development process. That is, openings 98¢, 984 of
the resist film 98 are formed on the terminal of the gate line 40
and the terminal of the drain line 56, respectively. Then, using
the patterned resist film 98 as a mask, the protective insulating
film 44 and the gate insulating film 42 are etched. Conse-
quently, as shown in 8C and 9C, the openings 43a, 43b are
formed on the respective terminals of the gate line 40 and of
the drain line 56. These terminals are connected to the respec-
tive driving circuits through the respective openings 43a, 435.
Specifically, a transparent conductive film for forming the
common electrode 80 is supplied also to the openings 43a,
435 at a process described later. Consequently, the terminals
of the respective lines 40, 56 are connected to the respective
driving circuits via the transparent conductive film supplied
to these respective openings 43a, 435.

[0094] After the protective insulating film 44 and the gate
insulating film 42 are etched in the process shown in FIG. 7,
FIG. 8 and FIG. 9, the common electrode 80 and the connect-
ing conductor 84 are formed on the protective insulating film
44. Specifically, as shown in 10A in FIG. 10, a transparent
conductive film 89 is formed on the protective insulating film
44. The formation of the transparent conductive film 89 is
carried out using, e.g., spattering. Thereafter, a resist film 97
is formed on the transparent conductive film 89, and then
patterned through an exposure process and a development
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process. That is, the resist film 97 is formed into a pattern
corresponding to the common electrode 80 and the connect-
ing conductor 84. Thereafter, using the patterned resist film
97 as a mask, the transparent conductive film 89 is etched.
Consequently, as shown in 10B, the common electrode 80 and
the connecting conductor 84 are formed on the protective
insulating film 44. Note that, in this process, a transparent
conductive film is supplied also to the openings 43a, 435
described above, and after etching or the like, the transparent
conductive film is left only in the openings 43a, 4356. The
above described is an example of a manufacturing method of
the first substrate 16.

[0095] In the above described liquid crystal panel 10, the
gate line 40 is made of material identical to the pixel electrode
70 and has a two-layered structure containing the lower gate
line 40a positioned in the same layer as the pixel electrode 70,
and the upper gate line 405 layered on the lower gate line 40a
and made of material having a higher electrical conductivity
than the transparent conductive material of which the pixel
electrode 70 is made. Therefore, it is possible to form both of
the gate line 40 and the pixel electrode 70 at one exposure
process.

[0096] In the liquid crystal panel 10, in particular, the con-
necting conductor 84 connected to the source electrode 54 of
the TFT 50 and the pixel electrode 70 through the contact
holes 92, 94, respectively. is made of material identical to the
common electrode 80 and formed in the same layer as the
common electrode 80. With the above, the connecting con-
ductor 84 can be formed at the same process as the common
electrode 80. Consequently, it is possible to prevent increase
of the number of manufacturing processes for the connecting
conductor 84.

[0097] Note that in the above-described example, the con-
necting conductor 84 is connected to the source electrode 54
and the pixel electrode 70 through the two contact holes 92,
94 positioned apart from each other. However, the connecting
conductor 84 may be connected to the source electrode 54 and
the pixel electrode 70 via a single contact hole. FIG. 11 is
across sectional view showing another example of a structure
for connection between the source electrode 54 and the pixel
electrode 70, showing the same cross section as that shown in
FIG. 3. Note that a member identical to that which is
described above is given an identical reference numeral.
[0098] In this example, the source electrode 54 extends
toward the pixel electrode 70, exceeding the edge of the gate
line 40. An end part 54' of the source electrode 54 is posi-
tioned above the pixel electrode 70 (on the connecting pad 32
in this example), overlapping a part of the connecting pad 32
in a plan view. A contact hole 94' is formed in and penetrating
the protective insulating film 44 and the gate insulating film
42. One contacthole 94' is formed such that the end part 54' of
the source electrode 54 and a part of the connecting pad 32 are
exposed. That is, the end part 54' of the source electrode 54
and the part of the connecting pad 32 are positioned inside the
contact hole 94'. A connecting conductor (connection elec-
trode) 84' connects the end part 54' of the source electrode 54
and the pixel electrode 70 (the connecting pad 32 in this
example) together inside the contact hole 94'. As such a
connecting conductor 84' is shorter, compared to the above
described connecting conductor 84, the aperture ratio of each
pixel can be improved. Note that the connecting conductor 84'
as well is made of material identical to the common electrode
80, similar to the connecting conductor 84. The connecting
conductor 84' can be formed at the same time as when the
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common electrode 80 is formed at the process shown in FIG.
10. Further, the source electrode 54' can be formed at the same
time as the source electrode 54 at the process described with
reference to FIG. 6.

Second Embodiment

[0099] FIG. 12 is a plan view of a first substrate of a liquid
crystal panel 110 according to a second embodiment of the
present invention. FIGS. 13 and 14 are cross sectional views
of the liquid crystal panel 110 in this embodiment, showing
cross sections along the line XIII-XIIT and the line XIV-XTV,
respectively, in FIG. 12. Note that a part identical to that
which is described above is given an identical reference
numeral in the respective diagrams.

[0100] In this embodiment, a common electrode 180 made
of transparent conductive material is formed on the protective
insulating film 44. In this example as well, slits are formed on
the common electrode 180, but having a different shape from
that of the common electrode 80 described above. That s, the
slits on the common electrode 180 are formed diagonally
extending from one common line 182 to another common line
182. A plurality of slits are formed symmetrical to each other
about the central line C of each pixel.

[0101] Further, as shown in FIG. 13, the common line 182
in this example is formed along the drain line 56, but not
covering the drain line 56. With the above, the capacitance
between the drain line 56 and the common electrode 80 can be
reduced. Consequently, it is possible to reduce delay in trans-
mission of a video signal through the drain line 56.

[0102] Asshown in FIG. 14, an auxiliary common line 183
is formed in a layer lower than the common electrode 180.
The auxiliary common line 183 is formed in the same layer as
the gate line 40 and the pixel electrode 70. That is, the auxil-
iary common line 183 is formed on the first substrate 16. Also,
the auxiliary common line 183 is formed along the gate line
40. In other words, the auxiliary common line 183 is formed
parallel to the gate line 40. Further, the auxiliary common line
183 is positioned closer to one of the two adjacent gate lines
40.

[0103] Similar to the gate line 40 described above, the
auxiliary common line 183 has a two-layered structure. Spe-
cifically, the auxiliary common line 183 includes a lower
auxiliary line 183a made of transparent conductive material
identical to the pixel electrode 70 and the lower gate line 40q,
and an upper auxiliary line 1835 layered on the lower auxil-
iary line 1834 and made of material identical to the upper gate
line 405. That is, the upper auxiliary line 1835 is made of
material having a higher electrical conductivity than the
transparent conductive material.

[0104] The auxiliary common line 183 is electrically con-
nected to the common electrode 180. This can reduce resis-
tance of the common electrode 180. In this example, as shown
in FIG. 14, a contact hole 195 is formed in the gate insulating
film 42 and the protective insulating film 44. The auxiliary
common line 183 is electrically connected to the common
electrode 180 through the contact hole 195.

[0105] Such an auxiliary common line 183 can be formed at
the same process as the pixel electrode 70 and the gate line 40,
as shown in FIG. 5. That is, after the transparent conductive
film 79, the conductor film 49, and the resist film 99 are
layered on the first substrate 16 (SA in FIG. 5), the thin resist
film 99A having a pattern corresponding to the shape of the
gate line 40 and the auxiliary common line 183 and the thick
resist film 99B having a pattern corresponding to the pixel
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electrode 70 are formed, using a multiple gradation mask.
With the above, the auxiliary common line 183 can be formed
without increasing the number of exposure processes.
[0106] Further, the contact hole 195 is formed at a process
at which the contact holes 92, 94 shown in FIG. 7 are formed.
That is, a resist film having a pattern corresponding to the
contact holes 92, 94, 195 is formed on the protective insulat-
ing film 44 (see 7B in FIG. 7). Then, after the protective
insulating film 44 and the gate insulating film 42 are etched,
the resist film is removed. Through the above process, the
contact holes 92, 94, 195 are formed. Other processes are
similar to those in the first embodiment.

Third Embodiment

[0107] FIG. 15 is a plan view of a first substrate of a liquid
crystal panel 210 according to a third embodiment. FIGS. 16
and 17 are cross sectional views of the liquid crystal panel 210
in this embodiment, showing cross sections along the line
XVI-XVI and the line XVII-XVII respectively in FIG. 15.
Note that a member identical to that which is described above
is given an identical reference numeral in the respective dia-
grams.

[0108] As shown in FIGS. 15 and 16, an auxiliary common
line 283 is formed on the common electrode 80. The auxiliary
common line 283 is made of material having a higher elec-
trical conductivity than the transparent conductive material of
which the common electrode 80 is made. Specifically, the
auxiliary common line 283 is made of metal such as copper,
molybdenum, aluminum. Therefore, the resistance of the
common electrode 80 can be reduced.

[0109] Further, in this example, the auxiliary common line
283 is formed along the common line 82, being layered on the
commor line 82. The common line 82 is formed above the
drain line 56 made of metal such as copper or the like. Thus,
the auxiliary common line 283 can not invite drop of the
aperture ratio of each pixel.

[0110] As shown in FIG. 17, the auxiliary connecting con-
ductor 284 is layered on the connecting conductor 84. The
auxiliary connecting conductor 284 is made of material hav-
ing a higher electrical conductivity than the transparent con-
ductive material of which the common electrode 80 and the
connecting conductor 84 are made. Specifically, similar to the
auxiliary common line 283, the auxiliary connecting conduc-
tor 284 is made of metal such as copper, molybdenum, alu-
minum, and so forth. The auxiliary connecting conductor 284
can reduce resistance of the connecting conductor 84.
[0111] A manufacturing method of a first substrate accord-
ing to a third embodiment will be described. The manufac-
turing method of the first substrate 16 in this embodiment is
substantially identical to that for forming the first substrate 16
of the liquid crystal panel 10 according to the first embodi-
ment, but differs in the fourth exposure process shown in FIG.
10. FIGS. 18A to 18D are diagrams showing the fourth expo-
sure process in manufacturing the first substrate according to
the third embodiment. In FIGS. 18A to 18D, (a) is a cross
sectional view showing a cross section along the line XVI-
XVI shown in FIG. 15, and (b) is a cross sectional view
showing a cross section along the line XVII-XVII shown in
FIG. 15.

[0112] In this embodiment, a multiple gradation mask is
used in forming the common electrode 80 and the connecting
conductor 84 as well. Therefore, the auxiliary connecting
conductor 284 and the auxiliary common line 283 can be
formed without increasing the number of exposure processes.
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Specifically, as shown in FIG. 18A, the transparent conduc-
tive film 89 and a conductor film 289 for forming the auxiliary
common line 283 and the auxiliary connecting conductor 284
are layered on the protective insulating film 44, and the resist
film 97 is further formed on the conductor film 289.

[0113] Thereafter, as shown in FIG. 18B, the resist film 97
is patterned through an exposure process using a multiple
gradation mask and a development process, whereby resist
films 97A, 97B having different thickness are formed on the
conductor film 289. That is, the thin resist film 97A having a
pattern corresponding to the shape of the common electrode
80 and the thick resist film 97B having a pattern correspond-
ing to the shape of the auxiliary common line 283 and the
auxiliary connecting conductor 284 are formed. In the above,
the thick resist film 97B is thicker than the thin resist film
97A.

[0114] Thereafter, as shown in FIG. 18C, the conductor
film 289 and the transparent conductive film 89 are etched
using both of the thin resist film 97A and the thick resist film
978 as a mask. Thereafter, as shown in FIG. 18D, the thin
resist film 97A is removed. As a result of the removing pro-
cess, the thick resist film 97B is left having become thinner.
Thereafter, the conductor film 289 is etched using the residual
thick resist film 978 as a mask, and thereafter, the thick resist
film 97B is completely removed. As a result, the auxiliary
common line 283 and the auxiliary connecting conductor 284
shown in FIGS. 15 and 16 are formed. Other processes are
similar to those in the first embodiment.

Fourth Embodiment

[0115] FIG. 19 is a plan view of a first substrate of a liquid
crystal panel 310 according to a fourth embodiment of the
present invention. FIGS. 20 and 21 are cross sectional views
of the liquid crystal panel 310 in this embodiment, showing
cross sections along the line XX-XX and the line XXI-XXI,
respectively, in FIG. 19.

[0116] As shown in FIGS. 19 and 20, in this embodiment,
an auxiliary common line 383 is formed in the same layer as
the drain line 56. The auxiliary common line 383 is formed
along the drain line 56. Specifically, the auxiliary common
line 383 is formed parallel to the drain line 56 and closer to
one of the two adjacent drain lines 56.

[0117] As shown in FIG. 20, the common line 382 is posi-
tioned above and covering the auxiliary common line 383 and
the drain line 56. That is, the common line 382 is formed
along the auxiliary common line 383 and the drain line 56,
overlapping these lines in a plan view.

[0118] Asshownin FIG. 21, the auxiliary common line 383
is connected to the common electrode 380 through the contact
hole 395 formed in the protective insulating film 44. Specifi-
cally, the auxiliary common line 383 includes a connection
part 383a, and the contact hole 395 is formed on the connec-
tion part 383a. In this example, the connection part 383a
projects from the auxiliary common line 383 in the direction
along the gate line 40 to be positioned on the gate line 40.
With this arrangement, drop of the aperture ratio of each pixel
due to the connection part 3834 can be prevented. Note that
such a connection part 383a projecting from the auxiliary
common line 383 may not be provided. That is, the contact
hole 395 may be formed on the auxiliary common line 383.
[0119] Similar to the drain line 56, the auxiliary common
line 383 as well has a two-layered structure containing the
semiconductor layer 60 and a conductor layer layered on the
semiconductor layer 60. That is, in this embodiment, the
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semiconductor layer 60 is patterned into a shape correspond-
ing to the source electrode 54, the drain electrode 52, the drain
line 56, and the auxiliary common line 383.

[0120] Such an auxiliary common line 383 can be formed at
the process at which the drain line 56 is formed, without
increasing the number of exposure processes. Specifically, at
the process described with reference to FIG. 6, the semicon-
ductor layer 60 and a conductor film for forming the drain line
56, the auxiliary common line 383 and so forth are layered on
the gate insulating film 42. Thereafter, a resist film is formed
on the conductor film. Then, the resist film is patterned
through an exposure process using a multiple gradation mask
and a development process. That is, a thin resist film having a
pattern corresponding to the channel 53 and a thick resist film
having a pattern corresponding to a part having a two-layered
structure, such as the drain line 56, the auxiliary common line
383 and so forth, are formed on the conductor film. Then, the
channel 53, the source electrode 54, the drain electrode 52,
the drain line 56, and the auxiliary common line 383 are
formed using the thin resist film and the thick resist film.
[0121] Further, the contact hole 395 is formed at the process
at which the contact holes 92, 94 shown in F1G. 7 are formed.
That is, a resist film having a pattern corresponding to the
contact holes 92, 94, 395 is formed on the protective insulat-
ing film 44 (see 7B in FIG. 7). Then, after the protective
insulating film 44 and the gate insulating film 42 are etched,
the patterned resist film is removed. With those processes, the
contact holes 92, 94, 395 are formed. Other processes are
similar to those in the first embodiment.

Fifth Embodiment

[0122] FIGS. 22 and 23 are cross sectional views of aliquid
crystal panel 410 according to a fifth embodiment of the
present invention. The cross section shown in FIG. 22 is the
same as the cross section along the line III-1II shown in FIG.
2. The cross section shown in FIG. 23 is the same as the cross
section along the line IV-IV shown in FIG. 2.

[0123] Inthisembodiment, similar to the firstembodiment,
the common electrode 80 is formed such that it is partially
positioned above the drain line 56. Specifically, the common
line 82 formed integral with the common electrode 80 is
positioned above the drain line 56. In this embodiment, an
additional insulating portion 445 is formed between the com-
mon line 82 and the drain line 56. The additional insulating
portion 445 is formed along the common line 82 and the drain
line 56, and on the protective insulating film 44. That is, the
additional insulating portion 445 is formed only between the
common line 82 and the drain line 56, but not in other parts.
With this structure, drop of a light transmissivity due to the
additional insulating portion 445 can be prevented.

[0124] The additional insulating portion 445 is made of
material having a lower dielectric constant than the protective
insulating film 44. For example, in the case where SiO, or
SiN_ is used for the protective insulating film 44, an organic
material having a relative dielectric constant equal to 4 or
smaller is used for the additional insulating portion 445.

[0125] In this embodiment, the additional insulating por-
tion 445 is made of material (e.g., photosensitivity acrylic
resin) that can function as a resist film in an etching process
for the protective insulating film 44. As a result, the additional
insulating portion 445 can be formed on the protective insu-
lating film 44 without increasing the number of exposure
processes.
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[0126] FIG. 24 is a diagram showing a process of forming
the additional insulating portion 445. Note that the respective
processes shown in 24 A, 24B, and 24C in FIG. 24 correspond
to the respective processes shown in 7A, 7B, and 7C in FIG.
7. Below, a process different from the manufacturing process
according to the first embodiment will be mainly described.
[0127] Initially, the protective insulating film 44 and aresist
film 449 for forming the additional insulating portion 445 are
formed on the gate insulating film 42 so as to cover the TFT
50. Thereafter, as shown in 24 A in FIG. 24, the resist film 449
is patterned through an exposure process and a development
process. At the exposure process, two resist films having
different thickness that are patterned using a multiple grada-
tion mask are formed on the protective insulating film 44.
That is, a thin resist film 449A having the contact holes 92, 94
and the openings 43a, 435 (see FIGS. 8 and 9) formed on the
terminals of the gate lines 40, 56 and a thick resist film 449B
having a shape corresponding to the additional insulating
portion 445 are formed. The thick resist film 449B is posi-
tioned above and formed along the drain line 56.
[0128] Thereafter, as shown in 24B, the protective insulat-
ing film 44 and the gate insulating film 42 are etched to
thereby form the contact holes 92, 94 and the openings 43a,
435 on the terminals. Thereafter, as shown in 24C, the thin
resist film 449A is removed. In this removing process, the
thick resist film 449B becomes thinner as a result that the
thick resist film 449B is soaked in a remover solution used in
this process. Then, the residual thick resist film 449B consti-
tutes the additional insulating portion 445. Thereafter, the
common line 82 is formed on the additional insulating portion
445 through the process shown in FIG. 10.
[0129] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

1-17. (canceled)

18. A liquid crystal panel comprising:

first and second substrates sandwiching a liquid crystal

material,
athin film transistor formed on the first substrate,
a pixel electrode formed on the first substrate and made of
a transparent conductive material,
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acommon electrode formed on the first substrate and made
of a transparent conductive material,

a gate line connected to the thin film transistor and having
a layer made of material identical to the pixel electrode
and positioned in a layer same as the pixel electrode,

a first insulating layer covering the gate line and the pixel
electrode,

a second insulating layer covering the first insulating layer,

a first contact hole penetrating to both the first insulating
layer and the second insulating layer, and

adrain line connected to the thin film transistor and formed
on the first insulating layer,

wherein the thin transistor film includes a source electrode
formed on the first insulating layer,

the common electrode is formed on the second insulating
film,

the pixel electrode is electrically connected to a source
electrode of the thin film transistor through the first
contact hole via a connecting conductor,

a common line is formed in parallel with the drain line and
is electrically connected to the common electrode
through a second contact hole formed in the second
insulating layer.

19. The liquid crystal panel according to claim 18, wherein

the common electrode overlaps the drain line.

20. The liquid crystal panel according to claim 18, wherein
the gate line has two-layered structure that comprises a lower
line made of the same material as the pixel electrode and
positioned in a common layer with the pixel electrode, and an
upper line layered on the lower line and made of material
having a higher electrical conductivity than the transparent
conductive material.

21. The liquid crystal panel according to claim 18, wherein
the source electrode overlaps the pixel electrode in a plan
view.

22. The liquid crystal panel according to claim 18, wherein
an end part of the source electrode is exposed from the second
insulator and is connected to the connecting conductor.

23. The liquid crystal panel according to claim 18, wherein
the connecting conductor is made of the same material as the
common electrode and is positioned in a common layer with
the commeon electrode.
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A gate line (40) has a two-layered structure compnsing a

MR L EERELEN |, SIEHSE R BN RE R AR B H T4 ' IR, '
M w0 >) (70 ) . FEMTFSBEGR (70 )m%% . ower gate line (40q) made of material identical to a pivel

RLE4 (40b) ) RBET@ESL (40 L) stA@asEs eltnde (10), and positioned in the same layer as the pive
SEMRESN S BROMBFIK. RE\EZEHW , AR D EFIEER i
T B F R AR Y electrode (70), and an upper gate line (408) layered on the

lower gate [ne (408), and made of material having a higher
electrical condhuctvity than the transparent conductive mate-
tlal. According fo this strueture, 1t s possible to reduce the
fuber of tires perforring expostire processes i manufac-
turing an in-plane switching type liquid crystal panel,


https://share-analytics.zhihuiya.com/view/a04edc20-8e13-431f-9d7a-8e431ba988a4
https://worldwide.espacenet.com/patent/search/family/046126408/publication/US2015070619A1?q=US2015070619A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150070619%22.PGNR.&OS=DN/20150070619&RS=DN/20150070619

