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7) ABSTRACT

A liquid crystal display device having image signal lines of
a bottom gate type TFT in which image signal lines com-
prise a laminated film of a first conductive film as a lower
layer and a second conductive film as an upper layer, the first
conductive film being made of an alloy comprising Mo as a
main ingredient and W and the second conductive film being
made of an alloy comprising Mo as a main ingredient and Zr.
The device is capable of satisfying requirements of reduced
resistance, improved dry etching resistance, selective wet
etching with respect to the gate insulative film, the number
of laminated layer of two or less and tapered fabrication for
the cross section.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an active matrix
type liquid crystal display device (AM-LCD) driven by thin
film transistors (TFT) and a manufacturing method thereof.

[0002] As image display devices that can be reduced in
thickness and weight and attain high definition, a market has
been expanded for thin film transistor-driven liquid crystal
display devices (TFT-LCD) instead of existent cathode ray
tubes. The TFT-LCD comprises scanning signal lines, image
signal lines, thin film transistors formed in the vicinity of
intersections between the scanning signal lines and the
image signal lines, pixel electrodes connected with the thin
film transistors, a gate insulative film and a protection film
formed on a glass substrate, a counter substrate and a liquid
crystal layer put between the glass substrate and the counter
substrate. In recent years, along with an increasing size and
improved definition of a screen of TFT-LCD, specifications
required for a reduction in resistance for scanning signal
lines and image signal lines and production yields have
become more and more severe. Further, it has also been
demanded to reduce the production cost by simplifying the
production steps.

[0003] For the image signal lines of the bottom gate type
amorphous silicon TFI-LCD, those comprising a single
layer of a metal film such as Ti, Ta, Cr, Mo and CrMo or
those of a laminated metal films such as Mo/Cr, Al/Ti,
CrMo/Cr, Mo/Al/Mo, Ti/Al/Ti, Cr/Al/Cr and MoCr/Al/
MoCr have been adopted. In the foregoing, the slash (/)
represents the constitution of laminated films in which an
upper layer is indicated on the left and a lower layer is
indicated on the right of the slash. Such wiring constitutions
are properly selected depending on wiring resistance speci-
fications required for liquid crystal driving, production per-
formance of a sputtering step, performance of an etching
apparatus, and so on.

[0004] Among them, the constitution capable of obtaining
the lowest wiring resistance can include, employing Al,
Al/Ti, Mo/Al/Mo, Ti/Al/Ti, Cr/Al/Cr and MoCr/Al/MoCr
and the similar constitution capable of obtaining the second
lowest wiring resistance can include, employing pure Mo,
Mo and Mo/Cr. Incidentally, Ti or Mo is laminated as an
upper or a lower layer on Al, such as in Ti/Al/Ti or
Mo/Al/Mo, in order to improve contact with silicon consti-
tuting a thin film transistor and a pixel electrode comprising
indium oxide or the like as the main ingredient. Further,
those simple constitutions providing lowest load on the
sputtering step can include single-layered constitutions of
Ti, Ta, Cr, Mo or CrMo, and the similar constitutions for
providing the second lowest load can include two-layered
constitution of Mo/Cr, Al/Ti. Further, the constitutions
capable of selective wet etching for a gate insulative film
without the use of a hydrofluoric system etching solution can
include Cr, Mo, CrMo, Al/Cr, Mo/Al/Mo, Cr/Al/Cr and
MoCr/Al/MoCr. Further, those constitutions capable of
forming through holes in the protection insulative film
substantially covering a drain electrode and a source elec-
trode without eliminating the wiring film can include Cr,
CrMo, Mo/Cr, CrMo/Cr, Cr/Al/Cr and MoCr/Al/MoCr.

[0005] The constitutions of the image signal lines
described above have respective features as described pre-
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viously but constitutions capable of simultaneously satisfy-
ing requirements for reduced wiring resistance, a reduced
load on the sputtering step, selective wet etching for the gate
insulative film, and formation of the through hole in the
protection insulative film by dry etching have not yet been
known.

[0006] For example, Ti has a high resistivity and since
buffered hydrofluoric acid is used for wet etching for Ti,
selective wet etching with respect to the gate insulative film
is difficult. Further, Ta has high resistivity and since buffered
hydrofluoric acid is used for wet etching for Ta, selective wet
etching with respect to the gate insulative film is difficult,
further, and since it is etched with an SF gas, formation of
the through holes in the protection insulative film by dry
etching is difficult. Further, Cr, CrMo, and CrMo/Cr each
have high resistivity. Further, since Mo is etched by the SF
gas, formation of the through hole in the protection insula-
tive film by dry etching is difficult. Since a Mo layer is
dissolved abnormally rapidly upon wet etching in Mo/Cr,
patterning is difficult. Since it is necessary for Al/Ti that the
through hole has to be formed by dry etching in the
protection insulative film and Al has to be etched, the step
is complicate. Further, for Mo/Al/Mo, since Mo as a cap
layer is etched by an SF, gas, and formation of the through
hole in the protection insulative film by dry etching is
difficult and also requires three-layered deposition, it gives
a large load on the sputtering step. Similarly, since Ti/Al/Ti,
Cr/Al/Cr and MoCr/Al/MoCr each require the deposition of
three layers, they impose a great load on the sputtering step.

SUMMARY OF THE INVENTION

[0007] A first subject of this invention is to afttain a
constitution of image signal lines capable of simultaneously
satisfying the requirements of reduced wiring resistance, a
reduced load on a sputtering step, selective wet etching
relative to a gate insulative film, formation of a through hole
in a protection insulative film by dry etching, and favorable
contact with silicon of a thin film transistor and a transparent
conductive film constituting a pixel electrode and provide a
liquid crystal display device adopting the same. An aimed
value for the wiring resistance is assumed as 170 n&/m or
lower of an average conductivity defined as a product of
sheet resistance and an entire film thickness. This average
conductivity is at a level lower than 180 n€2/m that can be
attained with a single Cr layer film or single CrMo layer
film.

[0008] An aimed reduction in load imposed on the sput-
tering step is that the number of laminated layers is two or
less. The selective wet etching with respect to the gate
insulative film is that etching can be conducted with a
chemical solution excluding those chemically attacking the
gate insulative film such as a buffered hydrofluoric acid or
an alkali solution giving damage to a resist. Further, from the
viewpoint of the simplicity of the steps, it is a necessary
condition that upper and lower layers can be etched simul-
taneously on the wiring constitution of laminated layers.
Further, it is a necessary condition that the cross section of
the wirings can be fabricated into a tapered shape. For the
formation of the through hole in the protection insulative
film by dry etching, it is necessary that the contact layer of
wirings has durability to dry etching using an SF, gas for
forming contact between the wirings and the pixel electrode.
As a matter of fact, it is difficult to use an alloy comprising
Al as a main ingredient for the contact layer.
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[0009] A second subject of this invention is, in addition to
the solution of the foregoing first subject, to provide good
matching property with a process for forming scanning
signal lines. Since particularly lowered resistance is required
for the scanning signal lines, it is desirable that a film
constituting them is a laminated film containing an alloy
comprising aluminum as the main ingredient. When the
etching solution for fabricating the same and that for fabri-
cating the image signal lines can be used in common, it is
preferred in view of a reduction in the manufacturing cost.

[0010] According to a first aspect of the present invention,
a liquid crystal display device comprises: a pair of sub-
strates; a liquid crystal layer put between the pair of sub-
strates; a plurality of scanning signal lines formed on one of
the pair of substrates; a plurality of image signal lines
crossing the scanning signal lines in a matrix arrangement;
thin film transistors formed in the vicinity of intersections of
the scanning signal lines and the image signal lines; pixel
electrodes connected with the thin film transistors; a gate
insulative film substantially covering the scanning signal
lines; and a protection insulative film substantially covering
the image signal lines and the thin film transistors, wherein
at least one of the signal lines of the scanning signal lines
and the image signal lines is made of a two-layered film of
a first conductive film as a lower layer and a second
conductive film as an upper layer, the first conductive film
is made of an alloy comprising molybdenum as a main
ingredient and containing tungsten, and the second conduc-
tive film is made of an alloy comprising molybdenum as a
main ingredient and containing zirconium.

[0011] Preferably, the first conductive film may be made of
an alloy comprising molybdenum as a main ingredient and
containing tungsten, and the second conductive film may be
made of an alloy comprising molybdenum as a main ingre-
dient and containing 4% by weight or more of zirconium.

[0012] Preferably, average conductivity defined as a prod-
uct of sheet resistance and the entire film thickness of the
two-layered film may be 170 n€2/m or less.

[0013] Preferably, a cross section at a fabrication end of
the first conductive film may form a forwardly tapered
shape.

[0014] Preferably, the first conductive film may be made
of an alloy comprising molybdenum as a main ingredient
and containing tungsten, and the second conductive film
may be made of an alloy comprising molybdenum as a main
ingredient and containing 4% by weight or more of zirco-
nium.

[0015] Preferably, average conductivity defined as a prod-
uct of sheet resistance and the entire film thickness of the
two-layered film may be 170 n€2/m or less.

[0016] Preferably, a cross section at a fabrication end of
the first conductive film may form a forwardly tapered
shape.

[0017] According to a second aspect of the invention, a
liquid crystal display device comprises: a pair of substrates;
a liquid crystal layer put between the pair of substrates; a
plurality of scanning signal lines formed on one of the pair
of substrates; a plurality of image signal lines crossing the
scanning signal lines in a matrix arrangement; thin film
transistors formed in the vicinity of intersections between
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the scanning signal lines and the image signal lines; pixel
electrodes connected with the thin film transistors; a gate
insulative film substantially covering the scanning signal
lines; and a protection insulative film substantially covering
the image signal lines and the thin film transistors, wherein
the image signal lines and a source and drain electrodes of
the thin film transistor are made of a two-layered film of a
first conductive film as a lower layer and a second conduc-
tive film as an upper layer, the first conductive film is
directly connected with silicon constituting the thin film
transistor, the second conductive film is directly connected
with the pixel electrode by way of a through hole disposed
in the protection insulative film, the first conductive film is
made of an alloy comprising molybdenum as a main ingre-
dient and containing tungsten, and the second conductive
film is made of an alloy containing zirconium.

[0018] Preferably, the first conductive film may be made
of an alloy comprising molybdenum as a main ingredient
and containing tungsten, and the second conductive film
may be made of an alloy comprising molybdenum as a main
ingredient and containing 4% by weight or more of zirco-
nium.

[0019] Preferably, average conductivity defined as a prod-
uct of sheet resistance and the entire film thickness of the
two layered film may be 170 nQ2/m or less.

[0020] Preferably, a cross section at a fabrication end of
the first conductive film may form a forwardly tapered
shape. Preferably, the scanning signal lines may be made of
a laminated film of an alloy comprising aluminum as a main
ingredient and an alloy comprising molybdenum as a main
ingredient.

[0021] Preferably, the pixel electrode may be made of a
mixed oxide of indium oxide, tin oxide and zinc oxide.

[0022] According to a third aspect of the invention, a
liquid crystal display device comprises: a pair of substrates;
a liquid crystal layer put between the pair of substrates; a
plurality of scanning signal lines formed on one of the pair
of substrates; a plurality of image signal lines crossing the
scanning signal lines in a matrix arrangement; thin film
transistors formed in the vicinity of intersections of the
scanning signal lines and the image signal lines; a gate
insulative film substantially covering the scanning signal
lines; a protection insulative film substantially covering the
image signal lines and the thin film transistors; at least a pair
of pixel electrodes and counter electrodes formed on one of
the pair of substrates within a plurality of pixels formed in
regions surrounded with the plurality of scanning signal line
and the plurality of image signal lines, wherein an image
signal is supplied to the pixel electrode by way of the thin
film transistor driven based on the supply of a scanning
signal from the scanning signal line, a reference voltage is
supplied to the counter electrode by way of the counter
voltage signal line formed over the plurality of pixels, the
pixel electrode made of a two-layered film of a first con-
ductive film as a lower layer and a second conductive film
as an upper layer, the first conductive film is made of an
alloy comprising molybdenum as a main ingredient and
containing tungsten, and the second conductive film is made
of an alloy containing zirconium.

[0023] Preferably, the first conductive film may be made
of an alloy comprising molybdenum as a main ingredient
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and containing tungsten, and the second conductive film is
made of an alloy comprising molybdenum as a main ingre-
dient and containing 4% by weight or more of zirconium.

[0024] Preferably, average conductivity defined as a prod-
uct of sheet resistance and the entire film thickness of the
two layered film may be 170 n2/m or less.

[0025] Preferably, a cross section at a fabrication end of
the first conductive film may form a forwardly tapered
shape.

[0026] According to a fourth aspect of the invention, a
liquid crystal display device comprises: a pair of substrates;
a liquid crystal layer put between the pair of substrates; a
plurality of scanning signal lines formed on one of the pair
of substrates; a plurality of image signal lines crossing the
scanning signal lines in a matrix arrangement; thin film
transistors formed in the vicinity of intersections between
the scanning signal lines and the image signal lines; pixel
electrodes connected with the thin film transistors; a gate
insulative film substantially covering polycrystal silicon of
the thin film transistors; an interlayer insulative film for
substantially covering the scanning signal lines and insulat-
ing the scanning signal lines from the image signal lines; a
protection insulative film substantially covering the image
signal lines, wherein the gate electrodes of the thin film
transistors may be made of a two-layered film of a first
conductive layer as a lower layer and a second conductive
layer as an upper layer, the first conductive film is made of
an alloy comprising molybdenum as a main ingredient and
containing tungsten, and the second conductive film is made
of an alloy containing zirconium.

[0027] The subject of this invention can be solved by the
constitutions described above. The reasons will be described
below.

[0028] Metal elements with relatively low resistivity can
include, Ag, Cu, Al, Mo and W when poisonous elements
and those elements which are considered to be difficult for
film deposition by sputtering such as noble metals, alkali
metals, alkaline earth metals and ferromagnetic materials are
excluded from the metal elements in the periodical table.
Among them, Ag, Cu and Al each have poor contact with
silicon of a thin film transistor or a transparent conductive
film that constitutes a pixel electrode and they require the
so-called barrier metal or cap metal. That is, for connecting
Ag, Cu or Al with silicon and the transparent conductive
film, it is necessary to laminate Mo or the like on an upper
layer and a lower layer of Ag, Cu or Al. In this case, a metal
film has a three-layered constitution, which remarkably
increases a load imposed on a sputter film deposition step.

[0029] Further, W requires a buffered hydrofluoric acid or
alkali solution for wet etching fabrication. However, the
former buffered hydrofluoric acid damages the glass sub-
strate or SiN of the gate insulative film, while the latter
damages the resist, so that it is difficult to use them for the
wiring forming step.

[0030] As a result of the screening described above, Ag,
Cu, Al and W have been judged not suitable regarding the
subject of the invention and remaining Mo and alloys
thereof with a high melting metal (Ti, Cr, Zr, Nb, Hf, Ta and
W) require no barrier metal or cap metal and can be wet
etched by using a mixed acid of phosphoric acid—nitric
acid. However, pure Mo has no durability to SF dry etching
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upon fabrication of through holes in the SiN film. Further, it
is difficult that the wiring cross section is fabricated into a
tapered shape by wet etching. In view of the above, lami-
nating and alloying of the wiring film are considered with
the following approach.

[0031] At first, for forming the wiring cross section into a
tapered shape the upper layer, in the two-layered film, is
provided with a relatively high wet etching rate and formed
as a relatively thin film, while the lower layer is provided
with a relatively low wet etching rate and formed as a
relatively thick film. Further, the upper layer is provided
with durability to dry etching, while the lower layer is
adapted to serve as a conductive layer. That is, the upper
layer is required for a high wet etching rate and high dry
etching durability, while the lower layer is required for a low
wet etching rate and low resistivity. The present inventors
have made a study of the property of alloys formed by
adding a second element to Mo and have found Mo alloys
capable of satisfying the foregoing required characteristics.

[0032] FIG. 15 shows a wet etching rate and SF dry
etching rate of Mo alloys with addition of Ta, Cr, Ti, Hf and
Zr to Mo. For each of the additive elements, the wet etching
rate and the dry etching rate are lowered as the addition
amount increases. Although not illustrated, when W or Nb is
added to Mo, similar trace as in a case of adding Ta is
obtained. Among the additive elements, Zr is an additive
element having the greatest ratio for the reduction amount of
dry etching rate relative to the reduction amount of wet
etching rate and Hf is next to Zr. When material cost is
considered for Zr and Hf, Hf is outstandingly expensive.
Accordingly, the optimum element as the upper layer for the
two-layered film is an alloy formed by adding Zr to Mo. In
order to provide the image signal line with required dry
etching durability, it is desirable that Zr is added by 4% by
weight or more.

[0033] FIG. 16 shows the wet etching rate and the resis-
tivity of the Mo alloys with addition of W, Ta, Nb, Hf and
Zr to Mo. In each of the additive elements, the wet etching
rate lowers and the resistivity increases as the addition
amount increases. Among the additive elements, W is an
additive element showing a minimum increasing ratio of the
resistivity to the reduction amount of the wet etching rate
and Ta is next to W. Although not illustrated, Zr and Hf are
additive elements showing an extremely large increasing
ratio of the resistivity to the reduction amount of the wet
etching rate. In view of the foregoing, the optimal lower
layer for the two-layered film is made of an alloy with
addition of W to Mo. The addition amount of W in the MoW
alloy as the lower layer depends on the Zr addition amount
in the MoZr alloy for the upper layer. That is, in order to
provide a wiring cross section having a favorable tapered
shape, W has to be added within such a range that the wet
etching rate for the lower layer is less than that for the upper
layer and at an addition amount as less as possible so as to
decrease a rise in the resistivity.

[0034] FIG. 17 illustrates a cross sectional shape of a
two-layered film comprising the MoZr alloy for the upper
layer and the MoW alloy for the lower layer as described
above which is subjected to wet etching. It is wet etched into
a tapered cross sectional shape in which the MoZr layer as
the upper layer is retracted. The etching solution is a mixed
acid containing phosphoric acid—nitric acid used as an
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aluminum etching solution, and when a film containing an
aluminum alloy is used for the scanning signal lines, the
etching solution can be used in common.

[0035] Further, when a film containing an aluminum alloy
is used for the scanning signal line, the yield in view of the
disconnection of the scanning signal line is worsened when
polycrystal indium tin oxide is adopted for the pixel elec-
trode. This is because dissolution disconnection is caused by
intrusion of an intense halogenic acid such as hydrobromic
acid asian etching solution for the polycrystal indium tin
oxide as far as scanning signal lines. Dissolution disconnec-
tion is essentially eliminated by adopting an amorphous
transparent conductive film such as made of a mixed oxide
of indium oxide, tin oxide and zinc oxide as the pixel
electrode and changing the etching solution with a mild
etchant such as oxalic acid. Contact characteristics between
mixed oxide of indium oxide, tin oxide and zinc oxide and
the MoZr alloy described above are favorable and the
transparent conductive film can be adopted as the pixel
electrode.

[0036] In the case of the scanning signal lines, since there
is no requirement for considering contact with silicon, an
aluminum alloy of lower resistance can be adopted as the
lower layer for the wiring film. However, when the poly-
crystal indium tin oxide is used as the pixel electrode as
described above, the use of the aluminum alloy is not
desirable in view of the disconnection yield. The advantage
of adopting the polycrystal indium tin oxide is that the
connection resistance is low and stable at the wiring terminal
formed simultaneously with the pixel electrode. In this case,
it is possible to apply the two-layered film constitution in
which the upper layer is made of the MoZr alloy and the
lower layer is made of the MoW alloy as described above to
the scanning signal line. As described above, in the case of
the two-layered film constitution, since the tapered shape at
the fabrication end is satisfactory, the coverage and the
image signal line overriding characteristics of the gate
insulative film are improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a plan view showing a constitution of a
main portion of a pixel in a liquid crystal display device
according to an embodiment of the invention;

[0038] FIG. 2 is a cross sectional view showing a consti-
tution of a main portion of the constitution of a pixel in a
liquid crystal display device according to an embodiment of
the invention;

[0039] FIG. 3 is a diagram of an equivalent circuit in a
liquid crystal display device according to an embodiment of
the invention;

[0040] FIGS. 4A and 4B are constitutional views of a
main portion (terminal portion) of a liquid crystal display
device according to an embodiment of the invention;

[0041] FIGS. 5A through 5D are step charts showing an
embodiment of a manufacturing method of a liquid crystal
display device according to this invention which is to be
combined with FIG. 6, FIG. 7, FIG. 8 and FIG. 9;

[0042] FIGS. 6A through 6D are step charts showing an
embodiment of a manufacturing method of a liquid crystal
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display device according to this invention which is to be
combined with FIG. 5, FIG. 7, FIG. 8 and FIG. 9;

[0043] FIGS. 7A through 7D are step charts showing the
embodiment of the manufacturing method of the liquid
crystal display device according to the invention which is to
be combined with FIG. 5, FIG. 6, FIG. 8 and FIG. 9;

[0044] FIGS. 8A through 8D are step charts showing the
embodiment of the manufacturing method of the liquid
crystal display device according to the invention which is to
be combined with FIG. 5, FIG. 6, FIG. 7 and FIG. 9;

[0045] FIGS. 9A through 9D are step charts showing the
embodiment of the manufacturing method of the liquid
crystal display device according to this invention which is to
be combined with FIG. 5, FIG. 6, FIG. 7 and FIG. §;

[0046] FIG. 10 is a cross sectional view showing a con-
stitution of a main portion of a pixel in a liquid crystal
display device according to an embodiment of this inven-
tion;

[0047] FIG. 11 is a plan view showing a constitution of a
main portion of a pixel in a liquid crystal display device
according to the embodiment of this invention;

[0048] FIG. 12 is a photograph showing an example of
display defects in a liquid crystal display device;

[0049] FIG. 13 is a photograph showing in cross section
an example of a pixel electrode in a liquid crystal display
device showing the display defect in FIG. 12;

[0050] FIG. 14 is a cross sectional view showing a con-
stitution of a main portion of a pixel in a liquid crystal
display device according to an embodiment of the invention;

[0051] FIG. 15 is a graph showing characteristics data of
materials intended to be used for signal lines in a liquid
crystal display device;

[0052] FIG. 16 is a graph showing characteristics data of
materials intended to be used for signal lines in a liquid
crystal display device; and

[0053] FIG. 17 is a graph showing characteristics data of
materials intended to be used for signal lines in a liquid
crystal display device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0054] (Embodiment 1)
[0055] <Equivalent Circuit>
[0056] FIG. 3 is an equivalent circuit diagram showing a

structure of a liquid crystal display device according to
Embodiment 1 of this invention. While FIG. 3 is a circuit
diagram, it is drawn corresponding to an actual geometrical
arrangement.

[0057] InEmbodiment 1 of FIG. 3, a transparent substrate
1 and a transparent substrate 2 are opposed to each other
with a liquid crystal layer put therebetween.

[0058] At the surface of a transparent substrate 1 on the
side of liquid crystals, are formed gate (scanning) signal
lines 4 extended in the direction x and arranged in parallel
with each other along the direction y, and drain (image)
signals lines 5 extended in the direction y while being
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insulated from the gate signal lines 4 and arranged in parallel
with each other along the direction x. A rectangular region
surrounded by the gate (scanning) signal lines 4 and the
drain (image) signal lines 5 constitutes a pixel region. Pixel
regions are collected to constitute a display section.

[0059] A thin film transistor 6 driven by a scanning signal
(voltage) from one of the gate signal lines 4 and a pixel
electrode 7 supplied with an image signal (voltage) from the
drain signal line 5 by way of the thin film transistor 6 are
formed in each of the pixel regions.

[0060] Since the length of the signal line increases as the
size of the liquid crystal display device increases, the
resistance of the gate signal line 4 and the drain signal line
5 is increased. Further, since the signal line width decreases
as the definition of the liquid crystal display device becomes
finer, the resistance of the gate signal line 4 and drain signal
line 5 is increased. Then, when the resistance of the signal
lines 4 and 5 is increased, since the voltage waveform of the
scanning signal and the image signal becomes dull, no
sufficient signal voltage is supplied to the thin film transistor
6. As a result, significant deterioration occurs in image
quality such as gradient of brightness.

[0061] Further, a capacitance element 8 is formed between
the pixel electrode 7, and one of the gate signal lines 4
adjacent to the other gate signal line 4. The capacitance
element 8 stores the image signal supplied to the pixel
electrode 7 for a long time when the thin film transistor 6 is
turned off.

[0062] The pixel electrode 7 in each of the pixel regions
generates an electric field between counter electrodes (not
illustrated) and the same to control the light transmittance of
the liquid crystals between each of the electrodes. The
counter electrodes are formed in common with each of the
pixel regions on the surface of the other transparent substrate
2, which is opposed by way of the liquid crystal, on the side
of the liquid crystals.

[0063] One end of each gate signal line 4 extends to one
side (left side in the drawing) of the transparent substrate. A
terminal portion 10 to be connected with bumps of a
semiconductor integrated circuit 9 of a vertical scanning
circuit mounted on the transparent substrate 1 is formed at
the extended portion of each gate signal line 4.

[0064] One end of each drain signal line § extends to one
side (upper side in the drawing) of the transparent substrate
1. A terminal portion 12 to be connected with bumps of a
semiconductor integrated circuit 11 of an image signal
driving circuit mounted on the transparent substrate 1 is
formed at the extended portion of each drain signal line 5.

[0065] The semiconductor integrated circuits 9 and 11 are
completely mounted, respectively, on the transparent sub-
strate 1 by the so-called COG system.

[0066] Respective bumps on the input side of the semi-
conductor integrated circuit 9 and 11 are connected to
terminal portions 13 and 14 formed on the transparent
substrate 1. The terminal portions 13 and 14 are connected
by way of wiring layers 15 and 16 with terminal portions 17
and 18, respectively, which is disposed on the periphery of
the transparent substrate 1 at a portion nearest to the end
face.
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[0067] The transparent substrate 2 is opposed to the trans-
parent substrate 1 so as to keep off a region in which the
semiconductor integrated circuit is mounted and has a
smaller area than that of the transparent substrate 1.

[0068] The transparent substrate 2 is secured to the trans-
parent substrate 1 by means of a sealing material 47 formed
on the periphery of the transparent substrate 2. The sealing
material also has a function of encapsulating liquid crystals
between the transparent substrates 1 and 2.

[0069] Inthe explanation of the structure described above,
while the liquid crystal display device by the COG system
has been explained, this invention is applicable also to a
liquid crystal display device of a TCP (Tape Carrier Pack-
age) system. The TCP system is a packaging system for
forming a pattern by photolithography on a flexible tape to
form a tape carrier and mounting a semiconductor integrated
circuit chip by a TAB method (Tape Automated Bonding).
Output terminals of the package are connected with a
terminal portion formed on a transparent substrate SUB1
and input terminals thereof are connected to a terminal
portion on a printed substrate disposed in the vicinity of the
transparent substrate 1.

[0070] <Structure of Pixel>

[0071] Referring further to FIG. 1 and FIG. 2, FIG. 1 is
a plan view showing a structure of an pixel region of the
transparent substrate 1, which correspond to a portion indi-
cated by a dotted frame a in FIG. 3. FIG. 1 is a cross
sectional view showing a structure taken along line IV-IV in
FIG. 1.

[0072] In FIGS. 1 and 2, the gate signal lines 4 extended
in the direction X and arranged in parallel with the direction
y are formed on the surface of the transparent substrate 1 on
the side of the liquid crystals.

[0073] The gate signal line 4 has a two-layered structure in
this Embodiment 1 in which a lower layer is, for example,
made of an alloy layer comprising Al as a main ingredient
while an upper layer is made of an alloy layer comprising
Mo as a main ingredient such as MoZr alloy.

[0074] Such two-layered structure can provide an effect of
greatly lowering the wiring resistance of the gate signal lines
and forming the cross section into a forwardly tapered shape
upon etching. Other effects will be apparent by subsequent
explanations.

[0075] An insulative film 19, for example, made of SiN is
formed on the surface of the transparent substrate 1 so as to
cover the gate signal line 4. The insulative film 19 functions
as an interlayer insulative film for the drain signal line § to
be described later with respect to the gate signal line 4,
functions as a gate insulative film for a thin film transistor 6
to be described later and functions as a dielectric film for the
capacitance element 8 to be described later.

[0076] A semiconductor layer 20, for example, made of
a-Si is formed at a lower left portion of the pixel region that
overlaps with the gate signal line 4. When a source electrode
21 and a drain electrode 22 are formed on the upper surface
of the semiconductor layer 20, a semiconductor layer of an
MIS type thin film transistor 6 having a portion of the gate
signal line 4 as a gate electrode is formed.

[0077] The source electrode 21 and the drain electrode 22
of the thin film transistor 6 are formed simultaneously with



US 2003/0063229 Al

the drain signal line § formed on the insulative film 19. That
is, when a portion of the drain signal lines 5 extended in the
direction y and arranged in parallel with the direction x in
FIG. 1 are formed by being extended as far as the upper
surface of the semiconductor layer 20, the extended portion
forms the drain electrode 22 of the thin film transistor 6. In
this case, an electrode formed being spaced apart from the
drain electrode 22 constitutes the source electrode 21. Since
the source electrode 21 is connected with a pixel electrode
7 to be described later, it has an extended portion being
extended somewhat to a central portion of the pixel region
in order to ensure the connection portion.

[0078] The drain signal line 5§ has a two-layered structure
in this Embodiment 1 in which a lower layer thereof is a
relatively thick layer made of an MoW alloy layer (for
example, 17 wt % W content) and an upper layer thereof is
a relatively thin layer made of an MoZr alloy layer (for
example, 8 wt % Zr content).

[0079] The upper layer is made of the MoZr alloy layer, in
order to provide durability to dry etching by fluorine plas-
mas upon forming a contact hole 24 in a protection insula-
tive film 23 and so as not to eliminate the source electrode
21. It also serves as a contact with the pixel electrode 7. The
lower layer is made of the MoW alloy layer, in order to
lower the resistance of the drain signal lines 5. It also serves
as the contact with the semiconductor layer 20 of the thin
film transistor 6. Further, the MoZr alloy has less wet
etching rate compared with MoW and such a two-layered
film enables tapering fabrication.

[0080] A semiconductor layer doped with impurities is
formed at the interface between each of the drain electrode
22 and the source electrode 21 and the semiconductor layer
20. The doped semiconductor layer functions as a contact
layer 48.

[0081] A protection insulative film 23, for example, made
of SiN is formed on the surface of the transparent substrate
1 formed with the drain signal line 5 (drain electrode 22,
source electrode 21) as described above to cover the drain
signal lines 5 and so on. The protection insulative film 23 is
disposed so as to avoid direct contact of the thin film
transistor 6 with the liquid crystals.

[0082] A contact hole 24 is formed by dry etching of
fluorine plasmas with an aim of exposing a portion of the
extended portion of the source electrode 21 of the thin film
transistor 6 and causing the portion to connect with the pixel
electrode 7 described later.

[0083] A transparent electrode 7 is formed on the upper
surface of the protective insulative film 23 while covering
most of the portion of the pixel region. The transparent
electrode 7 is made of any of indium-tin-zinc oxide (ITZO)
film, indium-tin oxide (ITO) film, indium zinc oxide (IZO)
film or indium germanium oxide (IGO) film. ITZO is
employed in this embodiment. Since ITZO is deposited as an
amorphous film, it can be fabricated by a mild etching
solution such as oxalic acid. Accordingly, even when an
alloy comprising Al as a main ingredient is used for the gate
signal lines 4 as in this embodiment, reduction of yield by
dissolution disconnection does not occur. The pixel elec-
trode 7 is formed so as to cover also the contact hole 24 of
the protective insulative film 23 and connected with the
MoZr alloy of the source electrode 21 of the thin film
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transistor 6. The contact resistance between I'TZ0O and MoZr
alloys is low and favorable electric connection can be
obtained.

[0084] On the surface of the transparent substrate 1 in
which the pixel electrode 7 is formed as described above, an
orientation film 25 is formed also covering the pixel elec-
trode 7. The orientation film 25 is made, for example, of a
resin and a rubbing treatment is applied in a certain direction
to the surface thereof. The orientation film 25 is in contact
with the liquid crystal layer 3 to determine the initial
orientation direction of the liquid crystal molecular.

[0085] A polarization plate 26 is mounted on the surface of
the transparent substrate 1 on the side opposite to the liquid
crystal layer 3.

[0086] On the other hand, a black matrix 27 is formed at
the surface of the transparent electrode substrate 2 on the
side of the liquid crystals so as to define each of the pixel
regions. The black matrix 27 is disposed so as to prevent
irradiation of external light to the thin film transistor 6 and
improve the contrast of display.

[0087] Further, a color filter 28 having a color correspond-
ing to each pixel region is formed at an opening that forms
a light transmitting region and forms a substantial pixel
region. For the color filter 28, filters of an identical color are
used in each of pixel regions arranged in parallel with the
direction y, and filters of red (R), green (G) and blue (B) are
sequentially arranged repeatedly on every pixel regions in
the direction x.

[0088] A planarization film 29 comprising a resin formed,
for example, by coating is disposed to the surface of the
transparent substrate 2 formed with the black matrix 27 and
the color filters 28 while covering also the black matrix 27
so that a step caused by the black matrix 27 and the color
filter 28 does not appear on the surface.

[0089] A counter electrode 30 made, for example, of ITO
is formed in common with each of the pixel regions on the
surface of the planarization film 20. The counter electrode
30 generates an electric field corresponding to the image
signal (voltage) between the pixel electrode 7 in each of the
pixel regions and the same so as to control the direction of
orientation in the liquid crystal molecular and control the
light transmittance based on appropriate combination of the
polarization plate 26 described previously and a polarization
plate 31 to be described subsequently.

[0090] Further, an orientation film 32 is formed on the
surface of the transparent electrode 2 covering the counter
electrode 30. The orientation film 32 is made, for example,
of a resin and subjected to a rubbing treatment in a certain
direction on the surface thereof. The orientation film 32 is in
contact with the liquid crystal layer 3 and determines the
initial orientation direction of the liquid crystal molecular.

[0091] A polarization plate 31 is mounted on the surface of
the transparent substrate 2 on the side opposite to the liquid
crystal layer 3.

[0092]

[0093] FIGS. 4A and 4B are views showing the consti-
tution of the drain terminal portion 12, in which FIG. 4A is
a plan view showing two out of plural drain terminal

<Constitution of Terminal Portion>
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portions 12 formed in parallel with one another and FIG. 4B
is a cross sectional view taken along line b-b in FIG. 4A.

[0094] At first, drain signals 5 extending from the display
section are formed on the surface of the transparent substrate

1.

[0095] The drain signal line 5 comprises a two-layered
film having the upper layer made of the MoZr alloy and the
lower layer made of the MoW alloy as described previously.

[0096] The drain signal 5 is initially covered with the
protection insulative film 23 made of SiN and then exposed
from the protection insulative film 23 by boring a hole in a
region for forming the terminal portion.

[0097] The boring in the protection insulative film 23 is
preferably conducted by fluoro-dry etching gas. The dry
etching is excellent compared with wet etching in view of
fabrication accuracy and controllability for the processing
time and is advantageous for fabrication such as boring in
the terminal portion and fabrication for the contact hole in
the pixel portion. Further, the MoZr alloy as the upper layer
of drain signal line 5 has a high dry etching durability and
is not removed upon etching.

[0098] At the exposed portion of the signal line in the
terminal portion, a conductive oxide film 42 made of an
ITZO (Indium-Tin-Zinc-Oxide) film is laminated. As the
material for the conductive oxide film 42, an ITO (Indium-
Tin-Oxide) film, an IZO (Indium-Zinc-Oxide) film or an
IGO (Indium-Germanium-Oxide) film may be selected.
However, while the ITO film is excellent in that the terminal
connection resistance is low, it involves a problem of
causing dissolution disconnection for the gate signal line
using an Al alloy since the etching solution used for fabri-
cation is a strong halogenic acid such as hydrobromic acid.
On the other hand, while an IZO film or an IGO film does
not bring about dissolution disconnection for the gate signal
line using the Al alloy since the etching solution for the
fabrication is a mild chemical such as oxalic acid, it involves
a problem of tending to increase the terminal connection
resistance. In some cases, COG mounting is difficult. When
ITZO is adopted, the problems of the welding disconnection
of the gate signal line and the terminal connection resistance
can be overcome in a balanced manner.

[0099] Then, the drain terminal 12 thus constituted is
connected, as shown in FIG. 4B, with a bump 44 of the
semiconductor integrated circuit 11 by way of an anisotropic
conductive film 43. The anisotropic conductive film 43
comprises a sheet-like resin film containing many conduc-
tive particles and the bump 44 and the conductive material
(conductive oxide film 42) of the drain terminal portion 12
are electrically connected by way of the conductive particles
by applying a certain pressure while interposing the resin
film between the group of the drain terminal portions 12 and
the semiconductor integrated circuit 11.

[0100] <Manufacturing Method>

[0101] Next, the method of manufacturing the portions on
the side of the transparent substrate 1 of the liquid crystal
display device as described above is to be explained with
reference to FIGS. SA through 5D to FIGS. 9A through
9D. In each of FIGS. 5A through 5D to FIGS. 9A through
9D, are shown a thin film transistor portion (FIGS. 5A
through 9A), a gate terminal portion (FIGS. 5B through
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9B), a drain terminal portion (FIGS. 5C through 9C) and
a flow of steps (FIGS. 5D through 9D).

[0102] FIGS. 5A through 5D to FIGS. 9A through 9D
are divided corresponding to each of photolithographic steps
in which each figure shows a stage where fabrication after
photolithography is completed and a photoresist is removed.
The photolithography means a series of operations from the
coating of a photoresist, by way of the selective exposure
using a mask and to the development thereof in this expla-
nation, while saving duplicated explanations. A description
is to be made in accordance with the divided steps.

[0103] First photolithographic step, FIGS. 5A to 5D:

[0104] In cach of the thin film transistor portion (FIG.
5A), gate terminal portion (FIG. 5B) and drain terminal
portion (FIG. 5C), an AINd alloy layer of 2000 A in
thickness is formed by sputtering on a transparent substrate
1 made of AN 635 glass (trade name) and, further, an MoZr
alloy layer of 400 A in thickness is further formed continu-
ously by sputtering. After photolithography, the MoZr alloy
layer and the AINd alloy layer are etched collectively
selectively by an etching solution comprising, for example,
phosphoric acid, nitric acid, acetic acid, purified water or
ammonium fluoride.

[0105] Thus, gate electrodes 45, gate signal lines 4, gate
terminal portions 10, terminal portions 13 on the input side
of a semiconductor integrated circuit 9, terminal portions 17
connected to the terminal portions 13 by way of a wiring
layer 15, terminal portions 14 on the input side of a
semiconductor integrated circuit 11, and terminal portions
18 connected to the terminal portions 14 by way of a wiring
layer 16 are formed.

[0106] Second photolithographic step, FIGS. 6A to 6D:

[0107] An ammonia gas, a silane gas and a nitrogen gas
are introduced into a plasma CVD apparatus to form an
insulative film 19 made of SiN having 3500 A in thickness.
Then, a silane gas and a hydrogen gas are introduced into the
plasma CVD apparatus to form an intrinsic amorphous Si
film 20 of 1200 A in thickness is formed and, subsequently,
a hydrogen gas and a phosphine gas are introduced into the
plasma CVD apparatus to form N(+) amorphous Si film 48
of 300 A in thickness.

[0108] After photolithography, the N(+) amorphous Si
film 48, and the intrinsic amorphous Si film 20 are selec-
tively etched by using SF, and CCl, as dry etching gases to
form an island shape semiconductor layers 20 and 48.

[0109] Third photolithographic step, FIGS. 7A to 7D:

[0110] An MoW alloy layer of 2100 A in thickness is
formed by sputtering and continuously an MoZr alloy layer
of 400 A in thickness is formed by sputtering. After the
photolithographic step, the MoZr alloy layer and the MoW
alloy layer are etched collectively selectively with an etch-
ing solution of an identical composition with that for the first
lithography. Thus, drain signal lines 5, source electrodes 21,
drain electrodes 22 and drain terminals 12 are formed.

[0111] The conductive film may be a three layered film
comprising, for example, MoZr/AINd/MoZr but it is not
preferred in view of poor productivity requiring long film
deposition time and a large scale film deposition apparatus
required for film deposition to increase the investment cost.
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[0112] Then, CCl, and SF are introduced to a dry etching
apparatus to selectively eliminate the N(+) semiconductor
layer 48.

[0113] Fourth photolithographic step, FIGS. 8A to 8D:

[0114] An ammonia gas, a silane gas and a nitrogen gas
are introduced into the plasma CVD apparatus to form a
protection insulative film 23 made of SiN and having a film
thickness of 0.4 um. After the photolithography, the SiN film
is selectively etched by using SF, as a dry etching gas to
pattern the protection insulative film 23 and the insulative
film 19. Since MoZr has a sufficient dry etching durability,
it is not removed by dry etching and the SiN film can be
etched selectively.

[0115] Fifth photolithographic step, FIGS. 9A to 9D:

[0116] A transparent conductive film comprising an ITZO
film (Indium-Tin-Zinc-Oxide) of 1150 A is formed by
sputtering. After photolithography, the transparent conduc-
tive film is selectively etched with an aqueous solution
comprising oxalic acid as a main ingredient for the etching
solution to form pixel electrodes 7, the uppermost layer 50
of the gate terminal portions 10, the uppermost layer 42 of
the drain terminal portions 12, the uppermost layer of the
terminal portions 13 and 14 on the input side of a semicon-
ductor integrated circuit 9 and 11, and the uppermost layer
of the terminal portions 17 and 18 connected to the terminal
portions 13 and 14 by way of a wiring layers 15 and 16.

[0117] (Embodiment 2)

[0118] Embodiment 2 of this invention is to be explained
referring to FIG. 10.

[0119] FIG. 10 is a view showing a cross sectional struc-
ture taken along line I'V-IV in FIG. 1 similarly to that in
FIG. 2. FIG. 2 and FIG. 10 are different from each other in
that the gate signal line 4 comprises a film formed by
laminating the Mo alloy on the Al alloy in FIG. 2, whereas
it comprises a film formed by laminating an MoZr alloy on
the MoW alloy in FIG. 10. Further, the transparent conduc-
tive film used for the pixel electrode 7 comprises [TZO
(Indium-Tin-Zinc-Oxide) that can be formed stably into an
amorphous film in FIG. 2, whereas it comprises polycrystal
ITO (Indium-Tin-Oxide) in FIG. 10.

[0120] A film formed by laminating the MoZr alloy on the
MoW alloy adopted for the gate signal line 4 is inferior to
wirings using the Al alloy in view of the wiring resistance
but it has an advantage of being not chemically attacked
even by a strong halogenic acid such as hydrobromic acid as
an etching solution of polycrystal ITO. Accordingly, poly-
crystal ITO that has low and stable terminal connection
resistance can be adopted as the uppermost layer for the
pixel electrode, the gate terminal portion 10, the drain
terminal portion 12, and the others terminal portions 13, 14,
17, and 18 formed simultancously therewith.

[0121] (Embodiment 3)

[0122] In the embodiments described above, while the
explanation has been made of the so-called vertical electric
field system for the constitution of pixels, the invention is
not restricted thereto and is applicable also, for example, to
an in-plane-switching system.

[0123] FIG. 11 is a plan view showing an embodiment of
the constitution of pixels of a liquid crystal display device in
an in-plane-switching system.
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[0124] In this system, a counter electrode 30 is formed on
the surface of a transparent substrate 1 formed with a pixel
electrode 47 on the side of a liquid crystal and the respective
electrodes are arranged alternately in a stripe-shaped pattern
(extended in the direction y in the drawing).

[0125] The pixel electrode 47 and the counter electrode 30
are formed on different layers by way of an insulative film.
The transmittance of the liquid crystals is controlled by an
electric field which has a component substantially in parallel
with the transparent substrate 1 among the electric fields
gencrated therebetween.

[0126] Each of the pixel regions is formed at a region
surrounded with each of the gate signal lines 4 extended in
the direction x and arranged in parallel along the direction y
and each of the drain signal lines 5 extended in the direction
y and arranged in parallel along the direction x. The con-
stitution is identical with that shown in FIG. 1 in that the
drain signal lines 5 are connected by way of the thin film
transistor TFT to the pixel electrode 47 but different in that
a counter voltage signal line 46 for supplying a counter
voltage signal to each of the counter electrodes 30 is
additionally formed.

[0127] Inthe case of in-plane switching system, a care has
to be taken for the following point. When the cross sectional
shape of the pixel electrode 47 is worsened, specifically, a
tapered shape is steep, an orientation film on the sides of the
electrode is not sometimes rubbed. This brings about a
disadvantage that light leakage occurs at the portion upon
black display to thereby bring about lowering of contrast in
view of display quality. FIG. 12 shows a pixel of the
in-plane switching system, which is a result of optical
microscopic observation upon black display. It can be seen
that the sides of the pixel electrode 47 glistens white
(indicated as LK in the drawing). FIG. 13 is a cross sectional
view of the pixel electrode 47 (a result of scanning electron
microscopic observation). It can be seen that in the wirings
containing a steep portion, the side of the electrode glistens
white. However, in this embodiment, since the pixel elec-
trode 47 is made of a film formed by laminating the MoZr
alloy on the MoW alloy and the cross section thereof is
formed in a forwardly tapered shape as described above, it
can be coped with the disadvantage of the lowering of the
contrast as shown in FIG. 12.

[0128] (Embodiment 4)

[0129] In the embodiment described previously, an
example of the so-called bottom gate type is shown as the
constitution of the thin film transistor TFT. This invention is
not restricted thereto but also applicable also to the so-called
coplanar type thin film transistor. A fourth embodiment of
this invention is to be explained with reference to FIG. 14.

[0130] After forming an island of polycrystal silicon 34 on
a substrate 33 overcoated at least with one of SiO,, or SiN,
a gate insulative film 35 comprising, for example, SiO, is
formed.

[0131] Then, a gate electrode 36 is formed. In this embodi-
ment, the gate electrode 36 is made of a laminated film
comprising an alloy, as a lower layer, containing Mo as a
main ingredient and W and an alloy, as an upper layer,
containing Mo as a main ingredient and Zr. The total film
thickness is about 200 nm.



US 2003/0063229 Al

[0132] The n-channel is formed by the following proce-
dures. After forming a resist pattern by photolithography, the
laminated film is side etched by about 1 um from a resist
end. The etching solution is a mixed acid of phosphoric acid,
nitric acid and acetic acid also shown in Embodiment 1.
Then, intense doping is applied to the polycrystal silicon 34
without removing the resist and, successively, the resist is
removed and weak doping is applied. Thus, a weakly doped
region can be formed in polycrystal silicon in a self-aligned
manner. In usual wet etching, when side etching is applied
by about 1 um, the processed cross sectional shape forms a
vertical shape. Further, it forms an inverted tapered shape in
some places and a non-doped region is formed sometimes in
the vicinity of the electrode. However, when a film formed
by laminating the MoZr alloy on the MoW alloy is used as
in this embodiment, the cross section is formed into a
forward tapered shape as described above. Accordingly, the
problem of forming the non-doped region can be eliminated
and coverage of the film formed thereon is favorable.

[0133] As has been descried above, after forming the gate
electrode, an interlayer insulative film 39 made, for
example, of S10, 1s formed. Subsequently, a through hole is
formed at a portion of the region of the intensely doped
polycrystal silicon 34. Successively, the source electrode 37
and the drain electrode 38 are formed. Next, an interlayer
insulative film 40 formed by laminating SiN, SiO, or an
organic insulator, or at least two or more of them is formed.
Successively, after forming a contact hole in the interlayer
insulative film 40, a pixel electrode 41 is formed to complete
a thin film transistor substrate.

[0134] Although the invention has been described in sev-
eral preferred embodiments, it is understood that the inven-
tion should not be restricted to them, and may be modified
or improved variously within a range that those skilled in the
art can recognize. The scope of the claim for patent is not
restricted to the details shown and described above but
include also the modifications and improvement described
above. For example, it will be apparent that the thin film
transistor substrate described in the foregoing embodiments
is applicable not only to the liquid crystal display device but
also to an organic LED (Light Emission Diode) display
device.

[0135] This invention provides a liquid crystal display
device having image signal lines of a bottom gate type TFT
capable of satisfying respective requirements for reduced
resistance, durability to dry etching, selective wet etching
with respect to a gate insulative film, the number of lami-
nated layers of two or less and tapered fabrication for a cross
section. In turn, it can provide a liquid crystal display device
having satisfactory characteristics.

What is claimed is
1. A liquid crystal display device comprising

a pair of substrates;
a liquid crystal layer put between the pair of substrates;

a plurality of scanning signal lines formed on one of the
pair of substrates;

a plurality of image signal lines crossing the scanning
signal lines in a matrix arrangement;

thin film transistors formed in the vicinity of intersections
of the scanning signal lines and the image signal lines;
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pixel electrodes connected with the thin film transistors;

a gate insulative film substantially covering the scanning
signal lines; and

a protection insulative film substantially covering the
image signal lines and the thin film transistors,

wherein at least one of the scanning signal lines and the
image signal lines is made of a two-layered film of a
first conductive film as a lower layer and a second
conductive film as an upper layer,

the first conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing tung-
sten, and

the second conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing zir-
conium.
2. A liquid crystal display device as defined in claim 1,
wherein

the first conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing tung-
sten, and

the second conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing 4%
by weight or more of zirconium.
3. Aliquid crystal display device as defined in claim 1 or
2, wherein

average conductivity defined as a product of sheet resis-
tance and the entire film thickness of the two-layered
film is 170 n€2/m or less.

4. A liquid crystal display device as defined in any one of
claims 1 to 3, wherein
a cross section formed at a fabrication end of the first
conductive film forms a forwardly tapered shape.
5. A liquid crystal display device comprising;

a pair of substrates;
a liquid crystal layer put between the pair of substrates;

a plurality of scanning signal lines formed on one of the
pair of substrates;

a plurality of image signal lines crossing the scanning
signal lines in a matrix arrangement;

thin film transistors formed in the vicinity of intersections
of the scanning signal lines and the image signal lines;

pixel electrodes connected with the thin film transistors;

a gate insulative film substantially covering the scanning
signal lines; and

a protection insulative film substantially covering the
image signal lines and the thin film transistors,

wherein the image signal lines and a source and drain
electrodes of the thin film transistor made of a two-
layered film of a first conductive film as a lower layer
and a second conductive film as an upper layer,

the first conductive film is directly connected with silicon
constituting the thin film transistor,
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the second conductive film is directly connected with the
pixel electrode by way of a through hole disposed in the
protection insulative film,

the first conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing tung-
sten and

the second conductive film is made of an alloy containing
zirconium.
6. A liquid crystal display device as defined in claim 5,
wherein

the first conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing tung-
sten, and

the second conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing 4%
by weight or more of zirconium.
7. Aliquid crystal display device as defined in claim 5 or
6, wherein

average conductivity defined as a product of sheet resis-
tance and the entire film thickness of the two-layered
film is 170 nQ/m or less.
8. A liquid crystal display device as defined in any one of
claims 5 to 7, wherein

a cross section at a fabrication end of the first conductive
film forms a forwardly tapered shape.
9. A liquid crystal display device as defined in any one of
claims 5 to 8, wherein

the scanning signal line is made of a laminated film of an

alloy comprising aluminum as the main ingredient and

an alloy comprising molybdenum as a main ingredient.

10. A liquid crystal display device as defined claim 9,
wherein

the pixel electrode is made of a mixed oxide of indium
oxide, tin oxide and zinc oxide.
11. A liquid crystal display device comprising;

a pair of substrates;
a liquid crystal layer put between the pair of substrates;

a plurality of scanning signal lines formed on one of the
pair of substrates;

a plurality of image signal lines crossing the scanning
signal lines in a matrix arrangement;

thin film transistors formed in the vicinity of intersections
of the scanning signal lines and the image signal lines;

a gate insulative film substantially covering the scanning
signal lines;

a protection insulative film substantially covering the
image signal lines and the thin film transistors; and

at least a pair of pixel electrodes and counter electrodes
formed on one of the pair of substrates within a
plurality of pixels formed in regions surrounded with
the plurality of scanning signal line and the plurality of
image signal lines,

wherein an image signal is supplied to the pixel electrode
by way of the thin film transistor driven based on the
supply of a scanning signal from the scanning signal
line,
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a reference voltage is supplied to the counter electrode by
way of the counter voltage signal line formed over the
plurality of pixels, and

the pixel electrode is made of a two-layered film of a first
conductive film as a lower layer and a second conduc-
tive film as an upper layer, wherein

the first conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing tung-
sten, and

the second conductive film is made of an alloy containing
zirconium.
12. A liquid crystal display device as defined in claim 11,
wherein

the first conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing tung-
sten, and

the second conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing 4%
by weight or more of zirconium.
13. A liquid crystal display device as defined in claim 11
or 12, wherein

average conductivity defined as a product of sheet resis-
tance and the entire film thickness of the two layered
film is 170 nQ/m or less.
14. A liquid crystal display device as defined in any one
of claims 11 to 13, wherein

a cross section at a fabrication end of the first conductive
film forms a forwardly tapered shape.
15. A liquid crystal display device comprising;

a pair of substrates;
a liquid crystal layer put between the pair of substrates;

a plurality of scanning signal lines formed on one of the
pair of substrates;

a plurality of image signal lines crossing the scanning
signal lines in a matrix arrangement;

thin film transistors formed in the vicinity of intersections
of the scanning signal lines and the image signal lines;

pixel electrodes connected with the thin film transistors;

a gate insulative film substantially covering polycrystal
silicon of the thin film transistors;

an interlayer insulative film for substantially covering the
scanning signal lines and insulating the scanning signal
lines from the image signal lines; and

a protection insulative film substantially covering the
image signal lines,

wherein a gate electrode of the thin film transistor is
formed of a two-layered film of a first conductive layer
as a lower layer and a second conductive layer as an
upper layer,

the first conductive film is made of an alloy comprising
molybdenum as a main ingredient and containing tung-
sten, and

the second conductive film is made of an alloy containing
Zirconium.
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