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7N ABSTRACT

An interconnecting structure and a pixel structure suited to
large-sized screens are formed. A counter line/electrode is
formed on a TFT substrate, and the counter line/electrode is
made of a stacked structure film in which a layer made of
aluminum or an alloy essentially containing aluminum is
covered with a high-melting point metal film, and a trans-
parent conductive film which covers the stacked structure
film.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is a Continuation Applica-
tion of U.S. application Ser. No. 10/936,021, Filed Sep. 7,
2004, which is a Continuation Application of U.S. applica-
tion Ser. No. 09/754,232, Filed Jan. 3, 2001, which in turn
is related to and claims priority from Japanese Patent
Application No. 2000-5856, Filed Jan. 7, 2000, all of which
are incorporated by reference herein in their entirety for all
purposes.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device and, more particularly, to a liquid crystal
display device which is called In-Plane Switching mode.

[0003] Liquid crystal display devices are widely used in
various kinds of electronic equipment such as display
devices such as display monitors for personal computers and
television receivers. Various types of liquid crystal display
devices are known. A liquid crystal display device of the
type which is called In-Plane Switching (IPS) mode has a
liquid crystal panel generally made of two substrates dis-
posed in opposition to each other with a liquid crystal
interposed therebetween. In each pixel area on the surface of
either one of the substrates that is in contact with the liquid
crystal, a pixel electrode is formed and, in addition, a
counter electrode 1s formed at a location close to the pixel
electrode. This type of liquid crystal display device gener-
ates an electric field (lateral electric field) parallel to the
surface of the substrate between the pixel electrode and the
counter electrode, thereby controlling the alignment direc-
tion of the liquid crystal in the plane between the surfaces of
the substrates.

[0004] In other words, the In-Plane Switching mode of
liquid crystal display device is constructed to control the
amount of transmission of light through the area between the
pixel electrode and the counter electrode by means of the
alignment direction of the liquid crystal to which the electric
field is applied. Although a module which includes a liquid
crystal panel as well as constituent elements such as a driver
circuit and an illuminating light source is generally called a
liquid crystal display device, the term “liquid crystal display
device” to be used herein collectively indicates both a liquid
crystal panel and a liquid crystal display device.

[0005] Ttis known that such a liquid crystal display device
is superior in a so-called wide viewing angle characteristic
in that the state of its display does not vary even if its display
screen is observed in oblique directions.

[0006] Each of the pixel electrode and the counter elec-
trode has so far been formed of a conductive layer which
does not allow light to be transmitted therethrough.

[0007] Tt has recently been known, however, that one
electrode made of a transparent electrode material is formed
over the entire area except the periphery of a pixel area,
while the other electrode made of a stripe-shaped or rect-
angular transparent electrode is formed over the one elec-
trode with an insulating film interposed therebetween. Since
the transparent electrodes are used for the pixel-driving
electrodes, a so-called aperture ratio is greatly increased.
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[0008] The above-described type of art is disclosed, for
example, in SID (Society for Information Display) 99
DIGEST: PP. 202-205 and Japanese Patent Laid-Open No.
202356/1989.

[0009] In a so-called large-sized liquid crystal display
device having an orthogonal length greater than or equal to
46 cm (nominal 18 inches) or 51 cm (nominal 20 inches), it
has been required to lower the resistance of counter lines or
voltage application lines (gate lines and drain lines) for
switching elements such as thin film transistors TFT.

[0010] To meet the demand for lower resistances, alumi-
num or an alloy which essentially contains aluminum (here-
inafter referred to simply as aluminum) is suitably used as
the material of such interconnection lines.

[0011] In addition, to improve the luminance of the screen
of the liquid crystal display device, it is desirable that pixel
electrodes and counter electrodes be made of a transparent
conductive film (hereinafter referred to as ITO film or the
like) such as ITO (Indium Tin Oxide), IZO (Indium Zinc
Oxide) or IGO (Indium Germanium Oxide).

[0012] In the case where aluminum is used for gate lines,
drain lines or counter lines, while ITO or the like is used for
pixel electrodes or counter electrodes, it is necessary that
ITO or the like which constitutes the pixel electrodes and the
counter electrodes be stacked on an aluminum film which
constitutes such lines, because of constructional necessity in
the formation of electrical connections and a pixel pattern.

[0013] However, since aluminum and ITO or the like
greatly differ in corrosion potential, there are some cases
where during the wet etching of individual patterns for
interconnection lines, pixel electrodes or counter electrodes,
aluminum is dissolved in a developing solution and ITO or
the like is reduced, and transparency is degraded and the
transmissivity of pixels is lowered to a great extent.

[0014] In addition, there are some cases where if a pattern
of ITO or the like is formed after the formation of an
aluminum pattern (interconnecting pattern), aluminum is
corroded during the etching of ITO or the like and an initial
function is lost.

[0015] In addition, if an interconnection line is formed of
aluminum, it is difficult to electrically connect ITO or the
like, which constitutes an oxide transparent conductive
layer, with an aluminum film in the state of being in direct
contact with the aluminum film. For this reason, if aluminum
and ITO or the like are to be brought into electrical contact
with each other, a metal film having a small electrical
contact resistance with respect to ITO or the like needs to be
separately deposited and processed on the aluminum film.

SUMMARY OF THE INVENTION

[0016] The present invention solves the various problems
of the above-described related arts, and provides a liquid
crystal display device having an interconnecting structure
and a pixel structure which are suited to large-sized screens.

[0017] Therefore, according to the present invention, from
among the various kinds of interconnection lines such as
gate lines, drain lines and counter lines that are required to
constitute a liquid crystal display device, at least intercon-
nection lines to be disposed as the same layer as the gate
lines are formed of aluminum or a material which essentially
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contains aluminum, and then the counter electrodes and
pixel electrodes which constitute pixels are formed by using
an amorphous transparent conductive film. Representative
aspects of the present invention will be described below.

[0018] A liquid crystal display device comprising a pair of
substrates, a liquid crystal layer interposed between the pair
of substrates, a wiring having a stacked structure layer
formed on one of the pair of substrates, and a transparent
conductive film formed over the wiring, wherein the wiring
being included an aluminum layer or an alloy layer essen-
tially containing aluminum, and at least one layer from the
following group of molybdenum, aluminum, chromium,
tungsten, silver, and copper.

[0019] The advantages of the above-described construc-
tion of the present invention as well as the reasons for such
advantages will be described below in detail.

[0020] Since the transparent conductive films (ITO or the
like) which constitute the gate line and the pixel are formed
on the same plane of the insulative substrate, it is possible
to increase the screen size of a liquid crystal display device
having a high aperture ratio and a high viewing angle.

[0021] After the formation of an aluminum line, when ITO
or the like is deposited on the aluminum line as the same
layer, a conductive film such as polycrystalline ITO ordi-
narily causes a strong cell reaction with aluminum in a
developing solution during the development of a resist
pattern of ITO or the like, and ITO or the like which is an
oxide film is reduced. As the result, [TO or the like is
blackened, and indium In is separated by, for example, the
reaction of In,05+¢™—2.In+(5/2).0,(1) in the case of ITO
(In,0y), so that the transmissivity of the conductive film is
lowered.

[0022] In the case of amorphous ITO or the like, since its
corrosion potential is lower than that of polycrystalline ITO
or the like, it is possible to reduce the corrosion potential
difference between amorphous I'TO or the like and alumi-
num. Accordingly, even if aluminum and ITO or the like lie
in the same layer, a cell reaction in a developing solution is
restrained, and a transparent conductive film such as ITO
can be developed on aluminum.

[0023] In addition, since such an amorphous transparent
conductive film can be etched by weak acid, the underlying
aluminum is prevented from being corroded during the
etching of the transparent conductive film. Accordingly, the
use of the amorphous transparent conductive film enables a
transparent conductive film such as ITO to be etched on
aluminum.

[0024] In addition, in the case where an aluminum line is
used, it is possible to prevent a so-called side hillock without
the need for anodization by covering the end surfaces of an
exposed aluminum line with ITO or the like before a CVD
process.

[0025] Specifically, if a protective film is not formed on
the exposed portion of the aluminum line by anodization,
when an insulating film is deposited by CVD on a stacked
line in which molybdenum is stacked as its upper layer,
hillocks grow on its end surfaces, so that an interlayer
short-circuit occurs with high frequency. To cope with this
phenomenon, a comparatively hard film of ITO or the like
which covers the end surfaces of the exposed aluminum film
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is deposited at a comparatively low room temperature of
about 120° C. As the result, even if the film of ITO or the like
is heated at 300° C. during a CVD process, the aluminum
surface covered with the oxide film (ITO or the like) is stable
and the occurrence of hillocks can be completely prevented.

[0026] In this manner, by covering the exposed portion of
the aluminum line with the transparent conductive film, it is
possible to improve the breakdown voltage between the gate
line and the drain line or between the gate line and the
counter line, whereby it is possible to improve the reliability
of the liquid crystal display device.

[0027] To bring the transparent conductive film of ITO or
the like and the counter line into contact with cach other,
aluminum is oxidized to form an alumina film in one pixel
except a terminal portion of molybdenum or a molybdenum
alloy or a terminal portion of titanium or a titanium alloy as
well as a gate terminal portion. Owing to this alumina film,
the intersection of the gate line and the drain line and the
intersection of the gate line and the counter line are all
formed as a stacked structure film of alumina and an
insulating film such as silicon nitride due to plasma treat-
ment, i.e., CVD treatment, and even if the number of such
intersections are increased owing to an increase in the
resolution of the liquid crystal display device or because of
an electrode structure which constitutes a pixel, it is possible
to decrease the probability of occurrence of an interlayer
short-circuit to a great extent.

[0028] Moreover, if a disconnection is to be restrained in
a gate line climb-over portion of ITO or the like, ITO or the
like is formed as the lowermost layer, and an aluminum line
is formed over the layer with molybdenum, a molybdenum
alloy, chromium or a chromium alloy interposed therebe-
tween.

[0029] In the case where polycrystalline ITO or the like is
used, the polycrystalline ITO or the like is formed as a
lowermost layer, and a multilayered structure film which
contains molybdenum, molybdenum alloy/aluminum/mo-
lybdenum or a molybdenum alloy is formed on the layer.
During gate-line development treatment, since aluminum
does not appear on the surface of the gate line, it is possible
to prevent a cell reaction with the underlying I'TO or the like.

[0030] In the case where the gate line is formed of a
stacked structure film of an alloy of aluminum and neody-
mium (Al—Nd alloy) or of pure aluminum and titanium, a
conductive film of amorphous ITO or the like is formed as
a layer which underlies the stacked structure film. It is said
that Al film or Ti film can be made free of hillocks because
the orientation of its crystal grains is aligned. In the case
where such a hillock-free aluminum line is used, deposition
using CVD can be performed with the surface of the
aluminum line exposed. In addition, since amorphous ITO
or the like between which and aluminum the corrosion
potential difference is small (low) is used as the conductive
film of I'TO or the like, it is possible to restrain a cell reaction
between the aluminum film of the gate line and ITO or the
like. The amorphous ITO or the like is crystallized by heat
treatment in a later step so that it can be given etching
resistance which enables it to endure the etching of alumi-
num and chromium or molybdenum.

[0031] On the supposition that polycrystalline ITO or the
like is used, the transparent conductive film of ITO or the
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like is formed as the lowermost layer. A stacked structure
film of molybdenum/aluminum/molybdenum is formed on
the layer as the counter line. The lower molybdenum film
serves to make contact with the transparent conductive film
of ITO or the like which is formed under the lower molyb-
denum film, and the upper molybdenum film serves as a
terminal of a line. In addition, since the aluminum film is
covered with molybdenum, ITO or the like and aluminum
are prevented from making direct contact with each other in
a developing solution. Accordingly, no cell reaction occurs.

[0032] Moreover, in the case where the counter electrode
is formed in a solid manner in the pixel area, a capacitance
increases which is formed by an overlap of the counter
electrode and a comb-teeth like pixel electrode which is
formed over the counter electrode, and this increase in
capacitance is added to the counter electrode and the time
constant thereof increases. However, if the counter line is
made of aluminum or an aluminum alloy, the amount of
resistance can be decreased and an increase in the time
constant can be restrained.

[0033] As is apparent from the above description, in an
In-Plane Switching mode of high viewing angle and high
transmissivity, particularly in a liquid crystal display device
having a structure in which each pixel electrode is formed in
a solid manner over a pixel area, it is possible to restrain an
increase in the time constant of an interconnection line, and
it is possible to easily increase the screen size of the liquid
crystal display device.

[0034] In addition, since the gate and counter lines are
formed of aluminum or an alloy which essentially contains
aluminum, their interconnection resistance can be
decreased, and one of electrodes for pixel driving can be
formed in the same layer as the gate line or electrode out of
a transparent conductive film of ITO or the like, and a
comb-teeth like electrode which is the other electrode is
formed on a passivation film (insulating film), whereby the
capacitance of both electrodes (stacked capacitance) can be
designed to be minimized.

[0035] In addition, since an aluminum line is used, the
occurrence of hillocks can be reduced by oxidizing the
required portion of the aluminum line and the occurrence of
a display defect such as a smear on the screen is prevented,
whereby a highly reliable liquid crystal display device can
be obtained.

[0036] Incidentally, the present invention is not limited to
any of the above-described constructions nor any of the
constructions of embodiments which will be described
below, and it goes without saying that various modifications
can be made without departing from the technical ideas of
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Preferred embodiments of the liquid crystal display
device according to the present invention will be described
below in detail with reference to the following drawings,
wherein:

[0038] FIG. 1 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a first
embodiment of the liquid crystal display device according to
the present invention;
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[0039] FIG. 2 is a plan view diagrammatically illustrating
the plane construction of the one-pixel portion shown in
FIG. 1,

[0040] FIG. 3 is an explanatory view showing the effect of
the amorphousization of each of transparent conductive
films;

[0041] FIG. 4 is an explanatory view of the etching rates
of aluminum films and transparent conductive films for an
etching solution;

[0042] FIG. 5 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a
second embodiment of the liquid crystal display device
according to the present invention,

[0043] FIG. 6 is a plan view diagrammatically illustrating
the plane construction of the one-pixel portion shown in
FIG. 5,

[0044] FIG.7is a view of the process of fabricating a gate
line and a counter line/electrode;

[0045] FIG. 8 is a diagrammatic plan view further illus-
trating the process of FIG. 7,

[0046] FIG.9is a diagrammatic plan view following FIG.
8, further illustrating the process of FIG. 7,

[0047] FIG. 10 is a diagrammatic plan view following
FIG. 9, further illustrating the process of FIG. 7;

[0048] FIG. 11 is a diagrammatic plan view following
FIG. 10, further illustrating the process of FIG. 7,

[0049] FIG. 12 is a diagrammatic plan view following
FIG. 11, further illustrating the process of FIG. 7,

[0050] FIG. 13 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a third
embodiment of the liquid crystal display device according to
the present invention,

[0051] FIG. 14 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a
fourth embodiment of the liquid crystal display device
according to the present invention,

[0052] FIG. 15 is an explanatory view of the equivalent
circuit of the liquid crystal display device according to the
present invention;

[0053] FIG. 16 is an explanatory view of one example of
driving waveforms of a liquid crystal display device to
which the present invention is applied;

[0054] FIG. 17 is a plan view showing one example of the
state in which an external circuit is mounted on the liquid
crystal panel of a liquid crystal display device to which the
present invention is applied;

[0055] FIG. 18 is a front view showing one example of a
display monitor to which the liquid crystal display device
according to the present invention is applied;

[0056] FIG. 19 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a fifth
embodiment of the liquid crystal display device according to
the present invention;
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[0057] FIG. 20 is a diagrammatic cross-sectional view
illustrating the construction of the another example of a fifth
embodiment of the liquid crystal display device according to
the present invention; and

[0058] FIG. 21 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a sixth
embodiment of the liquid crystal display device according to
the present invention.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

[0059] Preferred embodiments of the liquid crystal display
device according to the present invention will be described
below.

[0060] FIG. 1 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a first
embodiment of the liquid crystal display device according to
the present invention, and diagrammatically shows a cross
section of either one (a lower substrate) of insulative sub-
strates disposed in opposition to each other with a liquid
crystal interposed therebetween.

[0061] Referring to FIG. 1, a lower substrate SUB is
suitably made of a glass substrate, and the inside surface of
this lower substrate SUB has a gate line/electrode GT (GL)
and a counter electrode/line CT (CL). The gate line/elec-
rode GT (GL) is made of a stacked structure film of an
aluminum alloy g1 and a molybdenum alloy g2, while the
counter electrode/line CT (CL) is made of a stacked struc-
ture film which includes the aluminum alloy gl and the
molybdenum alloy g2 and is covered with a transparent
conductive film g3 made of ITO. In FIG. 1, there are shown
the gate electrode GT which constitutes a thin film transistor
TFT, and the portion of the counter electrode CT that is
connected to the counter line CL. Moreover this invention
allows to use for g2, at least one layer from the following
group of molybdenum, aluminum, chromium, tungsten, sil-
ver, and copper formed on said aluminum layer or said alloy
layer essentially containing aluminum.

[0062] These gate linefelectrode GT (GL) and counter
electrode/line CT (CL) are covered with a gate insulating
film GI, and a semiconductor layer, which is made of a
semiconductor film ASI and a semiconductor film N* ASI
which constitutes a contact layer, is formed over the gate
electrode GT. Source/drain electrodes SD1 and SD2 are
separately formed over the semiconductor layer ASI. In
FIG. 2, the electrode SD1 is shown as a source electrode,
while the electrode SD2 is shown as a drain electrode.

[0063] An insulating film PAS is formed to cover the
source electrode SD1 and the drain electrode SD2 as well as
the counter electrode/line CT (CL). A pixel electrode PX is
deposited above the counter electrode/line CT (CL), and is
connected to the source electrode SD1 through a contact
hole, 1., a through-hole TH.

[0064] FIG. 2 is a plan view diagrammatically illustrating
the plane construction of the one-pixel portion shown in
FIG. 1. In FIG. 2, symbol DL denotes a drain line, and the
portions denoted by the other symbols correspond to por-
tions identical to those shown in FIG. 1. In this type of liquid
crystal display device, one pixel is formed in an area
surrounded by two drain lines DL and two gate lines GL (one
of which is shown).
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[0065] The counter line CL is disposed to traverse this one
pixel area, and the counter electrode CT is connected to the
counter line CL and is formed approximately over the entire
area of the one pixel. The thin film transistor TFT is formed
in the intersection of one of the drain lines DL and the gate
line GL and the gate line GL serves as the gate line GL, and
the drain electrode SD2 extends from the drain line DL,
while the source electrode SD1 is connected to the pixel
electrode PX through the through-hole TH.

[0066] The fabrication of the construction shown in FIGS.
1 and 2 is as follows. First of all, the aluminum (Al) alloy
g1 and the molybdenum (Mo) alloy g2 are deposited in that
order to form a stacked structure film on the glass substrate
SUB. A photoresist is applied to this stacked structure film,
and is dried and patterned. Then, the stacked structure film
is subjected to wet etching using an etching solution which
essentially contains phosphorus, thereby forming the gate
line/electrode GT (GL) and the counter line CL.

[0067] Titanium (Ti) may be substituted for the molybde-
num alloy g2. If titanium is used, a stacked film of aluminum
and titanium is patterned in batch by a dry etching process.
The aluminum alloy gl is suitably an alloy such as an
aluminum-neodymium alloy (Al—Nd) which is superior in
hillock resistance or an aluminum-silicon alloy (Al—Si), or
pure Al. The first embodiment uses an aluminum-neody-
mium alloy (Al—Nd).

[0068] In the case where the molybdenum (Mo) alloy g2
is used as a layer overlying the aluminum alloy gl, a
molybdenum-chromium alloy (Mo—Cr) is used which
slows down in dry etching rate for a gas which essentially
contains fluorine.

[0069] The eiching rates for both films gl and g2 are
individually controlled by adjusting the composition of the
materials of the above-described stacked structure film and
the composition of the etching solution, whereby each
processed edge has a forward taper as shown in FIG. 1.

[0070] Then, the amorphous ITO film g3 is deposited as
the counter electrode CT which is a transparent electrode.
Instead of ITO, IZO (indium zinc oxide) or IGO (indium
germanium oxide) may be used.

[0071] In the case of ITO, when ITO is deposited at room
temperature by adding water during the deposition, the
resultant ITO film is amorphousized. However, because of
the deposition at room temperature, the ITO film can be
crystallized through heat history in a CVD step. In the case
of IZO and IGO, even if IZO or IGO is deposited at a
substrate temperature of 200° C., the resultant IZO or IGO
film becomes amorphous and can, therefore, obtain an
amorphous structure with its high substrate adhesion main-
tained.

[0072] FIG. 3 is an explanatory view showing the effect of
the amorphousization of each of such transparent conductive
films, and shows the differences in corrosion potential
among crystalline ITO, amorphous ITO, IZO (originally
amorphous), molybdenum (Mo) and aluminum (Al) in a
developing solution (a resist developing solution). Inciden-
tally, the developing solution used when the corrosion
potentials were measured was NMD (a TMAH (tetra-methyl
ammonium hydroxide) 2.38% solution).

[0073] As shown in FIG. 3, the corrosion potential of
aluminum (Al) in the developing solution is the lowest, and
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the corrosion potentials of molybdenum (Mo), 1ZO, amor-
phous ITO and crystalline ITO become higher in that order.
If aluminum (Al) and any of the transparent conductive films
(IZO, amorphous ITO and crystalline [TO) are immersed in
the developing solution, a cell reaction based on the corro-
sion potential difference therebetween occurs, and alumi-
num (Al) is oxidized and the transparent conductive film is
reduced.

[0074] In the case of ordinary crystalline ITO (polycrys-
talline ITO), the corrosion potential difference between the
ordinary crystalline ITO and aluminum is large, so that their
reactions vehemently occur and cause damage to them-
selves, respectively. On the other hand, in the case of
amorphous ITO, the corrosion potential difference between
the amorphous ITO and aluminum is small compared to the
polycrystalline ITO, although it depends on the composition
of materials to be used for the amorphous ITO. Accordingly,
the amorphous ITO can restrain damage from being caused
to each material film during development.

[0075] FIG. 4 is an explanatory view of the etching rates
of aluminum films and transparent conductive films for an
etching solution. The etching rates are shown as relative
values. The etching solution uses oxalic acid or aqua regia
of low hydrochloric acid concentration. In the case of aqua
regia of high hydrochloric acid concentration or hydrobro-
mic acid (HBr), since the etching rate of aluminum is high
compared to polycrystalline ITO, damage occurs in an
aluminum film lying immediately below an ITO film during
the etching of the ITO film. On the other hand, in the case
of oxalic acid or aqua regia of low hydrochloric acid
concentration, the etching rate of an amorphous ITO film is
higher than that of an aluminum film. Accordingly, during
the etching of a transparent conductive film such as the
amorphous ITO film, damage to the aluminum film directly
below the amorphous ITO film is not caused.

[0076] The counter electrode which is the transparent
electrode is in contact with the counter line via the molyb-
denum alloy or titanium which is a film overlying the
counter electrode. At the interface between the molybdenum
alloy or titanium and ITO which is the counter electrode,
since the contact resistance is low, good contact character-
istics can be obtained.

[0077] In addition, since the aluminum alloy exposed on
the side edge surfaces of the counter line is covered with
ITO, a hillock does not occur in a later CVD step for
formation of the gate insulating film and the like.

[0078] After that, the gate insulating film, the semicon-
ductor layer film, and the semiconductor film for providing
contact are respectively formed by continuously depositing
SiN, an amorphous Si film, an N* amorphous Si film by
plasma CVD.

[0079] Then, the amorphous Si film which forms the
semiconductor layer film and the N* amorphous Si film
which forms the semiconductor film for providing contact
are processed by dry etching, thereby preparing island-
shaped semiconductor films to form the source electrode and
the drain electrode. The source electrode and the drain
electrode are deposited by sputtering and patterned by a
photolithographic technique, and interconnection lines are
processed by wet etching. An alloy which essentially con-
tains chromium or molybdenum is used as the material of the
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interconnection lines. The alloy which essentially contains
chromium is a stacked material of chromium-molybdenum/
chromium (Cr—Mo/Cr). The alloy which essentially con-
tains molybdenum is a molybdenum-chromium alloy (Mo—
Cr) having high resistance to dry etching.

[0080] After the etching of the source electrode and the
drain electrode, the contact layer of a channel portion is
removed by dry etching with the same etching mask, thereby
forming a channel.

[0081] After that, the passivation layer is deposited by a
CVD method. The contact hole is formed in a portion of the
source electrode by dry etching. In addition to this through-
hole, through-holes are respectively formed in the terminal
portions of the gate electrode, the counter electrode and the
source electrodes. To prevent a metal film itself from being
etched by drying etching in the uppermost portion of any of
the gate electrode, the counter electrode and the source
electrode, a material whose drying etching selection ratio is
5 or more with respect to SiN is used.

[0082] After that, ITO or the like is again formed as the
transparent conductive film which constitutes the pixel elec-
trode. This ITO film is formed in a comb-teeth like shape by
a photolithographic technique (refer to the pixel electrode
PX shown in FIG. 2). This transparent conductive film may
be crystalline or amorphous. If a crystalline transparent
conductive film is to be used, aqua regia of high hydrochlo-
ric acid concentration or hydrobromic acid (HBr) is used. If
an amorphous transparent conductive film is to be used,
oxalic acid or aqua regia of low hydrochloric acid concen-
tration is used.

[0083] If a crystalline transparent conductive film is pro-
cessed with hydrobromic acid (HBr) or an amorphous
transparent conductive film is etched with oxalic acid, the
amount of side etching can be made extremely small.
Accordingly, this process is suited to the formation of a fine
comb-teeth-like transparent electrode such as that shown in
FIG. 2 (the pixel electrode PX).

[0084] According to the first embodiment, since the thin
film transistor TFT, the individual interconnection lines and
the individual electrodes are formed over the substrate (TFT
substrate) in the above-described manner, it is possible to
provide a liquid crystal display device which has the fine
transparent comb-teeth like electrode (the pixel electrode
PX) and the plane transparent electrode (the counter elec-
trode CT) and is, therefore, greatly improved in optical
transmissivity. In addition, although the capacitance at the
intersection of the transparent electrodes increases, inter-
connection resistance is decreased and an increase in time
constant can be restrained, because aluminum is used for the
counter line.

[0085] The plane transparent electrode (CT) is formed in
a solid shape which covers the entire pixel, but even if the
plane transparent electrode (CT) is formed in the shape of
comb teeth which alternate with the teeth portions of the
upper comb-teeth like electrode (PX), as in an ordinary IPS
type of liquid crystal display device, the aperture ratio of the
liquid crystal display device can similarly be improved.

[0086] FIG. 5 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a
second embodiment of the liquid crystal display device
according to the present invention, and diagrammatically
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shows a cross section of either one (a lower substrate) of
insulative substrates disposed in opposition to each other
with a liquid crystal interposed therebetween. FIG. 6 is a
plan view diagrammatically illustrating the plane construc-
tion of the one-pixel portion shown in FIG. 5. FIGS. 7 to 12
are views illustrating the process of fabricating a TFT
substrate of the second embodiment. Moreover this inven-
tion allows to use for g2, at least one layer from the
following group of molybdenum, aluminum, chromium,
tungsten, silver, and copper formed on said aluminum layer
or said alloy layer essentially containing aluminum.

[0087] FIG.7 is a view of the process of fabricating a gate
line and a counter line/electrode, and FIGS. 8 to 12 are plan
views of the essential portion of the TFT substrate, further
illustrating the process shown in FIG. 7.

[0088] In the second embodiment, the inside surface of a
lower substrate SUB 1 has a gate line/electrode GT (GL) and
a counter line CL each formed of an aluminum film g1. The
gate line/electrode GT (GL) has an alumina film g4 which
covers the entire surface of the aluminum film g1, and the
counter line CL has the alumina film g4 which similarly
covers the upper surface of the aluminum film g1, and also
has a film g2 of molybdenum or titanium (in the second
embodiment, molybdenum) which is formed in a portion of
the alumina film g4 in such a manner as to extend from the
upper surface of the alumina film g4 to the aluminum film
gl

[0089] Incidentally, in terms of an improvement in the
quality of oxide film, it is effective to form a coated type of
glass film SOG on the glass substrate SUB1 in order to
promote the oxidation of the surface of the AL film.

[0090] A transparent conductive film ITO which consti-
tutes the counter electrode CT covers the alumina film g4,
and is formed approximately over the entire area of the pixel
area, as shown in FIG. 6, and is formed to make good
contact to the aluminum film gl which constitutes the
counter line CL, via the molybdenum film g2 deposited on
a portion of the top of the aluminum film gl. A specific
position of the molybdenum film g2 is shown in FIG. 6.
Incidentally, the plan shape of the molybdenum film g2 is
not limited to the rectangular shape shown in FIG. 6, and
may be a diamond shape, a circular shape (including an
elliptical shape), or a combination of plural appropriate
shapes.

[0091] The alumina film g3 which covers the aluminum
film g1 of the counter line CL does not make good contact
to the transparent conductive film ITO which constitutes the
counter electrode CT stacked on the alumina film g3.
Accordingly, the molybdenum film g2 is deposited to extend
from the upper surface of the alumina film g3 to the
underlying aluminum film g1, thereby improving the contact
between the counter line CL and the counter electrode CT.

[0092] Then, as in the first embodiment described above in
connection with FIGS. 1 to 4, a gate insulating film GI, a
semiconductor film ASI, a semiconductor film N* ASI, a
source electrode SD1, a drain electrode SD2, an insulating
film PAS, and a pixel electrode PX are formed over the gate
line/electrode GL (GT), the counter line CL and the counter
electrode CT.

[0093] The process of fabricating the second embodiment
will be described below with reference to FIGS. 7 to 12. As
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shown in Step (1) of FIG. 7, a stacked structure film of the
aluminum alloy (in the second embodiment, an aluminum-
neodymium alloy: Al—Nd) film gl and the molybdenum
alloy or titanium alloy or chromium alloy (in the second
embodiment, a molybdenum-chromium alloy: Mo—Cr)
film g2 is formed and patterned to form the gate line/
electrode GL (GT) and the counter line CL. A plan view of
this state is diagrammatically shown in FIG. 8.

[0094] Then, a photoresist REG is formed on a portion
which makes contact to the transparent conductive film ITO
which constitutes the counter electrode CT to be formed on
the Mo—Cr film g2 which is a layer to overlie the counter
line CL (Step (2) of FIG. 7). This photoresist REG is formed
into a predetermined pattern through the application of a
photoresist material and exposure and development thereof
through a mask.

[0095] The substrate SUB1 having the photoresist REG
formed over the counter line CL is subjected to etching,
whereby the Mo—Cr film g2 is removed except the portion
thereof which underlies the photoresist REG. At the same
time, the Mo—Cr film g2 which overlies the gate line GL is
also removed (Step (3) of FIG. 7).

[0096] The surface of the AlI—Nd film g1 is oxidized with
the photoresist REG left, and the alumina film g4 is formed
over the portion of the counter line CL which excludes the
remaining Mo—Cr film g2 as well as over the surface of the
gate line GL (Step (4) of FIG. 7). Incidentally, in this surface
oxidation, the thickness of the AI—Nd film g1 exposed on
the surface of the substrate SUB 1 is slightly reduced due to
the formation of the alumina film g4. A plan view of this
state is diagrammatically shown in FIG. 9.

[0097] After that, the photoresist REG is removed to
expose the Mo—Cr film g2 (Step (5) of FIG. 7). The
exposed Mo—Cr film g2 becomes a contact film.

[0098] After the removal of the photoresist REG, the
amorphous transparent conductive film g3 is deposited to
cover the counter line CL, thereby forming the counter
electrode CT (Step (6) of FIG. 7). A plan view of this state
is diagrammatically shown in FIG. 10.

[0099] In the second embodiment, the counter electrode
CT has a plane shape, but it may be processed into a
comb-teeth like shape in the case of ordinary IPS mode.

[0100] The above-described ITO or the like is used as the
amorphous transparent conductive film g3. A major part of
the aluminum alloy (Al—Nd) film g1 which constitutes the
gate line GL and the counter line CL is covered with the
alumina film g4 so that the surface of neither of the alumi-
num film gl and the counter electrode CT does not directly
contact an etching solution. Accordingly, a crystalline trans-
parent conductive film may also be used as the transparent
conductive film g3.

[0101] After the formation of the counter electrode CT, the
semiconductor layer ASI and the semiconductor layer N*
ASI which serves as a contact layer, the source electrode
SD1, the drain line DL and the drain electrode SD2 are
formed as shown in FIG. 11.

[0102] Furthermore, after the formation of the insulating
film PAS, as shown in FIG. 12, a through-hole TH is formed
to extend to the source electrode SD1 through the insulating
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film PAS, and a pixel electrode PX made of a comb-shaped
transparent conductive film is formed (refer to FIGS. 5 and
6).

[0103] In the second embodiment, since the gate line/
electrode GL(GT) and the counter line CL both of which use
the aluminum alloy are subjected to surface oxidation treat-
ment, it is possible to prevent a decrease in breakdown
voltage and achieve a great improvement in reliability, as
compared with the case in which interlayer insulation is
realized with only the gate insulating film GI (SiN). In
addition, since the contact portion of the counter line CL
which is a non-anodized portion has a stacked structure of
molybdenum which is a high-melting point metal, molyb-
denum/titanium, molybdenum/chromium or the like, a hill-
ock can be completely prevented from occurring on the
aluminum film.

[0104] FIG. 13 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a third
embodiment of the liquid crystal display device according to
the present invention, and diagrammatically shows a cross
section of either one (a lower substrate) of insulative sub-
strates disposed in opposition to each other with a liquid
crystal interposed therebetween.

[0105] In the third embodiment, ITO or the like is formed
on the inside surface of a TFT substrate SUBI as an
amorphous transparent conductive film g3. The counter line
CL is made of a stacked structure film which has a chro-
mium, molybdenum or titanium film g2 as a base (a lower
layer) and an aluminum alloy (such as AI—Nd) film gl as
an upper layer.

[0106] Both the chromium, molybdenum or titanium film
g2 which is the lower layer constituting the counter line CL
and the amorphous transparent conductive film g3 which
constitutes the counter electrode CT have good contact
characteristics.

[0107] During etching treatment for patterning the stacked
structure film of the aluminum alloy film g1 and the chro-
mium, molybdenum or titanium film g2, cell reactions based
on the corrosion potential difference between the upper and
lower layers in a developing solution occur in both of the
upper and lower layers which constitute the stacked struc-
ture film. To restrain the cell reactions, an amorphous
transparent conductive film which enables such corrosion
potential difference to become small is used. In the third
embodiment, a 120 film is used.

[0108] Incidentally, a transparent conductive film is not
formed between the gate line/electrode GL (GT) and the
glass substrate SUBL.

[0109] According to the third embodiment, since the trans-
parent conductive film g3 which constitutes the counter
electrode CT is directly formed on the glass substrate (TFT
substrate) SUBL, there is not a “pattern climb-over portion”
in which a pattern climbs over an interconnection line, and
therefore, a problem such as a disconnection caused by the
pattern climb-over portion does not occur. Accordingly, it is
possible to obtain a liquid crystal display device having high
reliability. Moreover this invention allows to use for g2, at
least one layer from the following group of molybdenum,
aluminum, chromium, tungsten, silver, and copper formed
on said aluminum layer or said alloy layer essentially
containing aluminum.
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[0110] FIG. 14 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a
fourth embodiment of the liquid crystal display device
according to the present invention, and diagrammatically
shows a cross section of either one (a lower substrate) of
insulative substrates disposed in opposition to each other
with a liquid crystal interposed therebetween.

[0111] In the fourth embodiment, a film g3 of amorphous
or polycrystalline ITO or the like is formed on the inside
surface of a TFT substrate SUBI as a transparent conductive
film which constitutes a counter electrode CT, and a stacked
structure film (three-layer structure film) made of a molyb-
denum or titanium film g2, an aluminum film gl and a
molybdenum or titanium film g6 is formed on the film g3.
Incidentally, the film g3 of ITO or the like is not formed
below the gate line/electrode GL (GT).

[0112] Since the aluminum film gl which constitutes the
stacked structure film underlies the molybdenum or titanium
film g6, the surface of the aluminum film is prevented from
making direct contact to an etching solution during the
patterning of the stacked structure film. Accordingly, since
the aluminum film and the transparent conductive film never
coexist in the same etching solution, a cell reaction based on
the corrosion potential difference between both films does
not occur. Incidentally, the molybdenum or titanium film g2
which constitutes a base (underlying layer) for the aluminum
film g1 of the stacked structure film improves the adhesion
of the aluminum film g1 to the transparent conductive film
g3 which constitutes a base for the molybdenum or titanium
film g2 in the case of the counter line CL, as well as the
adhesion of the aluminum film gl to the glass substrate
SUBLI in the case of the gate line/electrode GL (GT).

[0113] Inthe fourth embodiment, since each of the counter
line CL and the gate line/electrode GL (GT) is the above-
described three-layer structure film, the transparent conduc-
tive film g3 which constitutes the base for the counter line
CL does not need to be amorphous, and may also adopt
crystalline ITO or the like.

[0114] According to the fourth embodiment, as in the case
of the third embodiment, since the transparent conductive
film g6 which constitutes the counter electrode CT is directly
formed on the glass substrate (TFT substrate) SUBL, there is
not a “pattern climb-over portion” in which a pattern climbs
over an interconnection line, and therefore, a problem such
as a disconnection caused by the pattern climb-over portion
does not occur. Accordingly, it is possible to obtain a liquid
crystal display device having high reliability.

[0115] The driving, structure and application examples of
the liquid crystal display device according to the present
invention to which any of the above-described embodiments
is applied will be described below.

[0116] FIG. 15 is an explanatory view of the equivalent
circuit of the liquid crystal display device according to the
present invention. As shown in FIG. 15, a liquid crystal
panel which constitutes the liquid crystal display device has
a display portion formed by an assembly of plural pixels
arrayed in matrix form, and each of the pixels is constructed
to be able to individually modulate and control transmitted
light from a back light arranged at the back of the liquid
crystal panel.

[0117] Gate lines GL, counter lines CL and drain lines DL
are formed over an effective pixel area AR of an TFT
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substrate SUB1 which is one constituent element of the
liquid crystal panel. The gate lines GL and the counter lines
CL are disposed to be extended in the x direction (the row
direction) of the effective pixel area AR and to be juxtaposed
in the y direction (the column direction) of the same. The
drain lines DL are disposed to be extended in the y direction
and to be juxtaposed in the x direction. Each of the gate lines
GL and the counter lines CL has a construction according to
any of the above-described embodiments. A unit pixel is
formed in each of the rectangular areas surrounded by the
gate lines GL and the drain lines DL.

[0118] The liquid crystal display device is provided with a
vertical scanning circuit V and a video signal driver circuit
H as an external circuit of the liquid crystal panel. A
scanning signal (voltage) is sequentially supplied to each of
the plural gate lines GL by the vertical scanning circuit V,
and in synchronism with that timing, a video signal (voltage)
is supplied to the drain lines DL from the video signal driver
circuit H.

[0119] Each of the vertical scanning circuit V and the
video signal driving circuit H is supplied with electric power
from a liquid crystal driving power source circuit POW, and
picture (video) information from a host CPU such as a
personal computer or a television receiver circuit is sepa-
rated into display data and a control signal and inputted to
the circuits V and H by a controller CTL.

[0120] FIG. 16 is an explanatory view of one example of
driving waveforms of a liquid crystal display device to
which the present invention is applied. In FIG. 16, a counter
voltage to be applied to each counter electrode via the
corresponding counter line is formed as an alternating
current rectangular wave having two values Vo and V;,
and the non-selection voltage of each scanning signal V(i-
1) and V(i) is varied between two values Vg and Vi at
intervals of one scanning period in synchronism with the
counter voltage. The amplitude of the counter voltage and
the amplitude of the non-selection voltage is made the same.

[0121] A picture (video) signal voltage is a voltage
obtained by subtracting ¥ of the amplitude of the counter
voltage from a voltage to be applied to the liquid crystal
layer.

[0122] The counter voltage may also be a direct current
voltage, but by alternating the counter voltage, it is possible
to decrease the maximum amplitude of the picture (video)
signal voltage, whereby it is possible to use a low-break-
down-voltage type of video signal driver circuit (signal-side
driver) H.

[0123] FIG. 17 is a plan view showing one example of the
state in which the external circuit is mounted on the liquid
crystal panel of a liquid crystal display device to which the
present invention is applied. Mounted on the peripheral
portion of the liquid crystal panel PNL are a first driver
circuit board PCB1 on which a vertical scanning circuit V is
disposed, a second driver circuit board PCB2 on which a
video signal driver circuit H is disposed, and a power supply
circuit board PCB3. The first driver circuit board PCB1 and
the second driver circuit board PCB2 are each made of a
so-called flexible printed circuit board FPC.

[0124] The vertical scanning circuit V has plural driver IC
chips CHI1 mounted by a film carrier method (TCP
method), and the output bumps of each of the driver IC chips
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CHI11 are respectively connected to gate signal terminals
GTM of the liquid crystal panel, while the input bumps of
the same are respectively connected to terminals on the first
driver circuit board PCB1.

[0125] Similarly, the video signal driving circuit H has
plural driver IC chips CH12 mounted by a film carrier
method (TCP method), and the output bumps of each of the
driver IC chips CH12 are respectively connected to gate
signal terminals D'TM of the liquid crystal panel, while the
input bumps of the same are respectively connected to
terminals on the second driver circuit board PCB2.

[0126] The power supply circuit board PCB3 is connected
to the video signal driver circuit H on the second driver
circuit board PCB2 via a flat cable FC, and this video signal
driver circuit H is connected to the vertical scanning circuit
V on the first driver circuit board PCBI via a flat cable FC.

[0127] Incidentally, the present invention is not limited to
this type of liquid crystal display device, and can, of course,
be applied to a so-called COG (Chip On Glass) scheme in
which a semiconductor chip which constitutes each circuit is
directly disposed on a TFT substrate SUB1 and the input/
output bumps of the semiconductor chip are respectively
connected to terminals (or interconnecting layers) formed on
the TFT substrate SUBI1.

[0128] FIG. 18 is a front view showing one example of a
display monitor to which The liquid crystal display device
according to the present invention is applied. This display
monitor has a display part in which the liquid crystal display
device according to any of the above-described embodi-
ments of the present invention is disposed, and displays a
picture on its liquid crystal panel PNL. The display part is
supported by a stand part. This display monitor is not limited
to a type to be connected to an external signal source which
is not shown (a personal computer or a television receiver
circuit), and the external signal source may also be built in
the stand part or in the periphery thereof.

[0129] FIG. 19 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a fifth
embodiment of the liquid crystal display device according to
the present invention, FIG. 19 shows an example that this
patent is applied on IPS devices. The source comb-teeth like
electrodes and the counter comb-teeth like electrodes are
fabricated with metal. In this case, the amorphous transpar-
ent conductive film is used as lead films, which is not
illustrated in FIG. 19. As an another example, the fabrica-
tion of source comb-teeth like electrodes with the transpar-
ent film makes it possible to increase transmissivity by
decreasing shield area. This example is shown in FIG. 20.

[0130] FIG. 21 is a diagrammatic cross-sectional view
illustrating the construction of the essential portion of a sixth
embodiment of the liquid crystal display device according to
the present invention, FIG. 21 shows an example that the
counter comb-teeth like electrodes is fabricated with the
amorphous transparent conductive film. The counter (com-
mon) electrodes PX are fabricated on the passivation layer
made of acrylic resin OP. The gate electrodes are formed
with the layered structure which consists of refractory metal
and aluminum film. The amorphous ITO or IZO film are
adopted as the counter electrodes so as not to damage gate
aluminum films on development and wet etching process of
the transparent films. When a network of the counter elec-
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trode are fabricated on both scanning and data bus lines, the
aperture ratio can be improved because of no metal counter
electrodes in the pixels. In this case, the passivation layer
consists of layered CVD deposited SiN film and the acrylic
resin film in order to decrease inter-wiring capacitance
between the counter electrodes and the gate and drain SD2
bus lines.

[0131] When the electric resistance of the transparent
counter electrodes is too high, common bus lines running
parallel to scanning line are fabricated on the same layer of
gate electrodes. In this case, the transparent counter elec-
trodes is connected to the metal common bus lines in each
pixel at the through-holes, which is formed simultancously
in the layered passivation films.

[0132] According to the present invention, it is possible to
obtain a highly reliable and bright picture display. It is
characteristic that amorphous transparent film is etched after
Al gate interconnects fabrication. On the other hand, the
transparent electrodes may be formed on different layers
from the gate electrodes on the other device structure. This
patent is effective on the case of the fabrication of transpar-
ent electrodes on Al interconnects. According to the present
invention, from among the various kinds of interconnection
lines such as gate lines, drain lines and counter lines that are
required to constitute a liquid crystal display device, at least
interconnection lines to be disposed as the same layer as the
gate lines are formed of aluminum or a material which
essentially contains aluminum, and then the counter elec-
trodes and pixel electrodes which constitute pixels are
formed by using an amorphous transparent conductive film.
Representative aspects of the present invention will be
described below.

[0133] (1) An insulative substrate has an interconnection
line which a stacked film in which an aluminum layer or an
alloy layer which essentially contains aluminum is covered
with a high-melting point metal layer is covered with a
transparent conductive film.

[0134] (2) The insulative substrate has thin film transis-
tors, gate lines/electrodes, drain lines/electrodes, and
counter lines/electrodes, and at least one kind of line/
electrode selected from among the lines/electrodes is made
of a stacked structure film covered with a transparent
conductive film, the stacked structure film including an
aluminum layer or an alloy layer essentially containing
aluminum, and a high-melting point metal layer which
covers the aluminum layer or the alloy layer.

[0135] (3) A liquid crystal display device includes:

[0136] a thin film transistor having a gate line/elec-
trode, a drain line/electrode and a source electrode on
either one of a pair of substrates disposed in oppo-
sition to each other with a liquid crystal interposed
therebetween;

[0137] a counter line arranged in or near a pixel area
surrounded by two gate lines and two drain lines, and
a counter electrode connected to the counter line and
formed in a solid manner approximately over the
whole of the pixel area; and

[0138] a pixel electrode having an approximately
comb-like shape connected to the source electrode

Sep. 22, 2005

and formed over the counter electrode with an insu-
lation layer interposed therebetween,

[0139] each of the gate lines/electrodes and/or the
drain lines/electrodes and the counter lines being
formed of a stacked structure film including an
aluminum layer or an alloy layer essentially contain-
ing aluminum and a high-melting point metal layer
which covers the aluminum layer or the alloy layer,
the counter electrode being formed as a transparent
conductive film formed in a solid manner approxi-
mately over the whole of the pixel area.

[0140] (4) A liquid crystal display device includes:

[0141] a thin film transistor having a gate line/elec-
trode, a drain line/electrode and a source electrode on
either one of a pair of substrates disposed in oppo-
sition to each other with a liquid crystal interposed
therebetween;

[0142] a counter line arranged in or near a pixel area
surrounded by two gate lines and two drain lines, and
a counter electrode connected to the counter line; and

[0143] a pixel electrode having an approximately
comb-like shape connected to the source electrode
and formed over the counter electrode with an insu-
lation layer interposed therebetween,

[0144] cach of the gate lines/electrodes and/or the
drain lines/electrodes and the counter lines being
formed of a stacked structure film including an
aluminum layer or an alloy layer essentially contain-
ing aluminum and a high-melting point metal layer
which covers the aluminum layer or the alloy layer,
the counter electrode being formed as a transparent
conductive film conductively connected to the high-
melting point metal layer.

[0145]

[0146] a thin film transistor having a gate line/elec-
trode, a drain line/clectrode and a source electrode on
either one of a pair of substrates disposed in oppo-
sition to each other with a liquid crystal interposed
therebetween;

[0147] a counter line arranged in or near a pixel arca
surrounded by two gate lines and two drain lines, and
a counter electrode connected to the counter line;

[0148] a pixel electrode having an approximately
comb-like shape connected to the source electrode
and formed over the counter electrode with an insu-
lation layer interposed therebetween,

[0149] each of the gate line/clectrode and the drain
line/electrode having an alumina layer over an alu-
minum layer or an alloy layer essentially containing
aluminum, the counter line having an alumina layer
over an aluminum layer or an alloy layer essentially
containing aluminum and a high-melting point metal
layer formed to extend through the alumina layer
from a surface side of a portion of the alumina layer
to the aluminum layer or an alloy layer essentially
containing aluminum, the counter electrode being
formed as a transparent conductive film conductively
connected to the high-melting point metal layer.

(5) A liquid crystal display device includes:
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[0150] (6) The alloy which essentially contains aluminum
is an aluminum-rare earth alloy in which an rare earth
element is added to aluminum, and any one or two or more
of neodymium Nd, yttrium Y, lanthanum La and samarium
Sm are used as the rare carth element.

[0151] (7) The high-melting point metal is any one or two
or more of molybdenum Mo, chromium Cr, tungsten W and
titanium Ti.

[0152] (8) The transparent conductive film is any one of
amorphous ITO (Indium Tin Oxide), amorphous IZO
(Indium Zinc Oxide) and amorphous IGO (Indium Germa-
nium Oxide).

[0153] (9) Each of the gate line and the counter line uses
a stacked film in which the upper surface of an aluminum
layer is covered with a high-melting point metal such as
molybdenum Mo or titanium Ti or with an alloy of the
high-melting point metal, and a plane pixel electrode made
of an amorphous transparent conductive film is formed in
the same layer as the gate line and the counter line, and a
comb-teeth like electrode made of an amorphous transparent
conductive film is formed as the counter electrode in the
same layer as the source and drain lines or over an insulating
film (PAS film).

[0154] The film of the high-melting point metal such as
molybdenum Mo or titanium Ti which overlies the portions
of the gate line and the counter line that are in contact with
the counter electrode made of a transparent electrode and
which lies in a portion except gate terminals and counter
terminals is removed by etching, and the resultant exposed
aluminum surface is oxidized to form an alumina film.

[0155] (10) The gate line is formed of an aluminum/
neodymium (AI/Nd) alloy which overlies a high-melting
point metal such as molybdenum Mo, and an amorphous
transparent conductive film is formed as a layer which
underlies the gate line.

[0156] (11) On the supposition that polycrystalline ITO is
used, the polycrystalline ITO is formed as the lowermost
layer, and molybdenum, aluminum and molybdenum (Mo/
Al/Mo) are stacked on the polycrystalline ITO as the gate
line and the counter line.

[0157] As is apparent from the foregoing description,
according to the liquid crystal display device of the present
invention, from among the various kinds of interconnection
lines such as gate lines, drain lines and counter lines that are
required to constitute the liquid crystal display device, at
least interconnection lines to be disposed as the same layer
as the gate lines are formed of aluminum or a material which
essentially contains aluminum, and then the counter elec-
trodes and pixel electrodes which constitute pixels are
formed by using an amorphous transparent conductive film.
Accordingly, it is possible to provide a liquid crystal display
device capable of displaying a highly reliable and bright
picture.

1-13. (canceled)
14. A liquid crystal display device comprising:
a pair of substrates;

a liquid crystal layer interposed between said pair of
substrates;
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drain lines and gate lines formed on one of said pair of
substrates and crossing each other in a matrix form,
each crossing one of said drain lines and gate lines
defining a pixel;

a switching element associated with and disposed relative
to each pixel;

a sheet-like counter electrode comprising a transparent
conductive film arranged at each pixel;

a counter voltage line formed on said counter electrode, a
first insulating layer formed on said counter electrode
and said counter voltage line;

a second insulating layer formed on said first insulating
layer; and

a pixel electrode comprising a transparent conductive film
that is electrically connected to said switching element,

wherein said gate lines and said counter voltage line
including a multilayered structure comprising a first
molybdenum layer, followed by an aluminum layer or
an alloy layer comprising essentially of aluminum,
followed by a second molybdenum layer.

15. The liquid crystal display device according to claim
14, wherein said counter voltage line intersects said drain
lines through said first insulated film.

16. The liquid crystal display device according to claim
14, wherein at least one of said first molybdenum layer and
said second molybdenum layer comprises an alloy layer
comprising essentially of molybdenum.

17. The liquid crystal display device according to claim
14, wherein said pixel electrode has an approximately linear-
shaped structure, zigzag-shaped structure, slit shape struc-
ture, or comb-shaped structure.

18. The liquid crystal display device according to claim
17, wherein said pixel electrode extends in the same direc-
tion as said gate lines.

19. The liquid crystal display device according to claim
14, wherein said transparent conductive film of said pixel
electrode and of said counter electrode each includes one of
ITO, IZO, or IGO.

20. The liquid crystal display device according to claim
19 wherein said transparent conductive film is a polycrys-
talline.

21. The liquid crystal display device according to claim
19 wherein said transparent conductive film is amorphous.

22. The liquid crystal display device according to claim
19, wherein said transparent conductive film of said pixel
electrode and of said counter electrode are different mate-
rials.

23. The liquid crystal display device according to claim
22, wherein said transparent conductive film is a polycrys-
talline.

24. The liquid crystal display device according to claim
22, wherein said transparent conductive film is amorphous.

25. The liquid crystal display device according to claim
14, wherein said switching element is a thin film transistor
and said first insulating layer is a gate insulating layer of said
thin film transistor.

26. The liquid crystal display device according to claim
14, wherein said counter voltage line extends in the same
direction as said gate lines.
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