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(7) ABSTRACT

In the case that a stacked layer, in which another metal layer
is stacked on an Al layer or Al alloy layer having a low
resistance, is used as a wiring material, an etchant is pro-
vided which can etch to a substantially equal etching rate by
executing only one etching on the each metal layer com-
posing the stacked layer. A method of manufacturing a
substrate for an electronic device uses the etchant, producing
an electronic device having the substrate.

In order to achieve the object, the etchant has fluoric acid,
periodic acid and sulfuric acid wherein the total weight ratio
of the fluoric acid and periodic acid is 0.05~30 wt %, the
weight ratio of the sulfuric acid is 0.05~20 wt %, the weight
ratio of periodic acid to fluoric acid is 0.01~2 wt %. Also
each layer of wiring(5,12,14) formed by stacking Al layer or
Al alloy layer and Ti layer or Ti alloy layer can be uniformly
etched to substantially equal etching rate by the etchant.

33 Claims, 10 Drawing Sheets
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METHOD OF MANUFACTURING A
SUBSTRATE FOR AN ELECTRONIC DEVICE
BY USING ETCHANT AND ELECTRONIC
DEVICE HAVING THE SUBSTRATE

This application claims the benefit of Japanese Patent
Application No. 1998-303057, filed on Oct. 23, 1998, which
is hereby incorporated by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION

The present invention relates to an etchant, a method of
manufacturing a substrate for electronic device by using an
etchant, and an electronic device having the substrate, and
especially an etchant in which each layer of wiring formed
by stacking an Al layer, or Al alloy layer, and a Ti layer, or
Ti alloy layer, can be uniformly etched to a substantially
equal etching rate by the etchant.

Al as a wiring material has an advantage of having low
resistance, and it is frequently used as the wiring material of
an electrode etc. on a substrate of an electronic device.

As an example of the electronic device, FIG. 12 is a plan
view showing a thin film transistor in a conventional thin
film transistor LCD.

The thin film transistor 82 comprises a gate electrode 84
formed on a substrate 83 and a gate insulating layer 85 to
cover the gate electrode 84. A semiconductor active layer 86
of an amorphous silicon (hereinafter, “a-Si”) is formed on
the gate insulating layer 85 of the upper gate electrode 84.
And a source electrode 88 and a drain electrode 89 are
extended on the gate insulating layer 85 or semiconductor
active layer 86 wherein ohmic contact layer 87 composed of
amorphous silicon having n-type impurity like phosphorus
(P)(hereinafter, “n™ a-Si”) is inserted. Also a passivation
layer 90 covering a thin film transistor 82 made up of the
source electrode 88, the drain electrode 89, and the gate
electrode 84 is formed, and a contact hole 91 is formed on
the passivation layer 90 of the drain electrode 89. Further a
pixel electrode 92 constituted by a transparent electrode
layer of indium tin oxide (hereinafter, “ITO”) electrically
connected with the drain electrode 89 through the contact
hole 91 is formed.

And the left part of FIG. 12 shows a sectional view of a
gate terminal pad 93 of the gate wiring. A contact hole 95
passing through a gate insulating layer 85 and a passivation
layer 90 is formed on the lower pad layer 94 composed of
gate wiring material on the substrate 83, and a upper pad
layer 96 constituted by a transparent electrode layer is
electrically connected with a lower pad layer 94 through the
contact hole 95. Also a source wiring is of similar structure
to the gate wiring.

As mentioned hereto, for example, in the thin film
transistor, the transparent electrode layer constituting a gate
terminal, a source terminal and a pixel electrode is directly
connected with a metal for wiring constituting the gate
wiring, the source wiring and the drain electrode.

By the way, in the case of using the Al metal layer as a
wiring material in order to reduce the wiring resistance in the
electronic device, a hillock is generated. The hillock is
generated as a needle-shaped projection on the surface of the
Al layer during a heat treatment. The projection is passed
through the stacked insulating layer so that a short circuit is
generated with another conducting layer, or a poor insulation
occurs. Also if the ITO were directly contacted with the Al,
oxygen of the ITO should oxidize the Al, as a result, the
electric resistance of contact part should be increased.
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2

In order to prevent the above problem, a stacked layer,
produced by forming another metal layer like Mo layer or Cr
layer on the Al layer (hereinafter, “different metal stacked
layer”), has been widely used. In the case of providing a gate
electrode 84 in a stacked layer of the different metal from
each other, for example, as shown in FIG. 14A, a photo-
mask 97 of a desired pattern is formed on the surface of
stacked layer 84c stacking an Mo layer 84b on the Al layer
84a formed on the substrate 83 by photolithography. And
then, the stacked layer 84c is obtained from uniform etching
by using an etchant having H;PO, of 80 wt %, HNO,,
CH,COOH and H,0.

By the way, in the case that it is patterned by uniform
etching of the different metal stacked layer, a battery reac-
tion of the etchant is generated by the potential difference
between the metal layers, and an under-cut is generated, in
which a line width of the Al layer 844 in the lower layer is
shorter than a line width of the Mo layer 84b in the upper
layer as shown in FIG. 14B, because the Al layer in the lower
layer is more quickly etched than the Mo layer in the upper
layer. Also a problem of poor insulation enduring press may
be generated.

Therefore, in order to solve these problems, after the
uniform etching, sunscreen-shaped Mo layer 845 can be
patterned by added etching by using an uric acid.

SUMMARY OF THE INVENTION

By the way, in the conventional method of manufacturing
a substrate for an electronic device which is provided with
the different metal stacked layer, the yield will be bad, the
manufacturing process will be lengthened, and the cost will
rise because at least two etching processes are needed.
Further if adding etching were executed as mentioned
above, the Mo layer in the upper layer should be a little more
quickly etched than the Al layer in the lower layer, and as a
result, as shown in FIG. 14C, the Al layer in the lower layer
would be projected, and it is difficult to control a line width
of wiring in the upper and lower layers.

Also, another method of forming a gate electrode in the
different metal stacked layer, as shown in FIG. 15A, com-
prises the steps of: providing an Al layer 844 on the substrate
83; coating photoresist 97 on the surface of Al layer 84a;
executing photolithography; and etching, as shown in FIG.
15B, so that an Al layer 84a of a desired line width is
obtained. Subsequently the method comprises the steps of:
covering the Al layer 84a by a Mo layer 84b, as shown in
FIG. 15C; forming by photolithography a photo-mask 98 of
a desired pattern, as shown in FIG. 15D; and then etching.
By the way, at least a double etching process is needed like
the conventional method, so that a problem is generated in
this method, also. And the stacked wiring has a structure in
which the Al layer 844 in the lower layer is covered with an
Mo layer 84b in the upper layer, as shown in FIG. 15E, so
that the line width in the upper layer is necessarily larger
than the line width in the lower layer. As a result it is difficult
to control the line width of wiring in the upper layer and
lower layer.

The present invention is constituted with regard to the
problems outlined above. In forming a stacked layer (formed
by stacking a different metal layer on an Al layer, or Al alloy
layer, having a lower resistance, as a wiring material), the
present invention provides: an etchant which can etch with
a substantially equal etching rate, by etching only one time,
each metal layer of the stacked layer; a method of manu-
facturing a substrate for an electronic device by using the
etchant; and an electronic device having the substrate.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a method of manufacturing
a substrate of a thin film transistor, in an embodiment related
to a method of manufacturing a substrate for an electronic
device, according to the present invention.

FIG. 2 is a plan view showing a method of manufacturing
a substrate of a thin film transistor, in an embodiment related
to a method of manufacturing a substrate for an electronic
device, according to the present invention.

FIG. 3 is a sectional view showing a part of a substrate in
a thin film transistor obtained by a method of manufacturing
a substrate for an electronic device, according to the present
invention.

FIG. 4 is a view showing a structure of a electrode-electric
potential measuring instrument.

FIG. 5 is a graph showing the relation between electrode-
electric potential and metal composing a electrode.

FIG. 6 is a graph showing the relation between a side
etching amount of stacked layers of Al and Ti, (AL), and the
potential difference between the Al electrode and Ti
electrode, (AE).

FIG. 7 is a plan view showing an example of a reflective-
type liquid crystal display device using a substrate of a thin
film transistor according to the present invention.

FIG. 8 is a graph showing the relation between the
potential difference between an Al electrode and a Ti
electrode, and the HIO, content of an etchant.

FIG. 9 is a graph showing the relation between the
potential difference between an Al electrode and a Ti
electrode, and the HF content of an etchant.

FIG. 10 is a graph showing the relation between HF
content of an etching material, and a side etching amount
when stacked layers of an Al layer and a Ti layer are etched
by the etchant.

FIG. 11 is a graph showing the relation between the
potential difference between an Al electrode and a Ti
electrode, and the H,SO, content of the etchant.

FIG. 12 is a plan view showing a part of the thin film
transistor of a conventional thin film transistor LCD.

FIG. 13 is a sectional view showing a stacked layer of Al
and Ti formed on a substrate.

FIG. 14 is a plan view showing a method of manufactur-
ing substrate for an electronic device according to the prior
art.

FIG. 15 is a plan view showing another method of
manufacturing a substrate for an electronic device according
to the prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

When an accumulated layer, formed by stacking with a
different metal layer with an Al layer, or Al alloy layer, is
used as a wiring material, generation of under-cut can be
decreased substantially by etching only one time, and using
an etchant wherein each metal layer is etched at a substan-
tially equal etching rate—above all, when each metal layer
composing a different metal stacked layer functions as the
electrode in electrolyte with the regard to the electrode
potential. As a result of repeated examinations and
experimentation, it is determined that if another metal layer
composing the stacked layer has a small electric potential, as
compared against an Al or Al alloy layer, the difference of
etching rate should be small. Especially if the stacked layer
is formed by stacking an Al layer, of Al alloy layer, and a Ti
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layer, or Ti alloy layer, by turns is used as a wiring material,
generation of under-cut could be decreased and uniform
etching could be executed.

The result is attended with following embodiments.

FIG. 4 is view showing an electrode-electric potential
measuring instrument. The instrument comprises: a con-
tainer 76 filled with an electrolyte 75; a standard hydrogen
electrode (hereinafter, “SHE”) as a part of electrode, and a
sample made up of various metal (Al, Mo, Ti, Cu, Cr) as the
other part of electrode 78; and a source 80 connected by
inserting a variable resistor 79 to both electrodes 77,78. A
method of measuring the potential difference between both
electrodes 77,78 by the electrode-electric potential measur-
ing instrument comprises the steps of: filling an electrolyte
75 in a container 76; immersing SHE 77 and sample 78 in
the electrolyte 75; supplying a voltage by source 80 so that
a current is sent; and measuring an electrode potential (Ey)
between both electrodes 77,78. The electrolyte 75 filled in
the container depends on the metal a sample consists of. If
the sample is Al, H,SO, should be used as electrolyte; for
MO, the electrolyte is HCl or NaOH; for Ti, the electrolyte
is HCI and Cu is H,SO,,. If the sample were Cr, HCI should
be used as an electrolyte. The electrode potential (Ey) is
measured when a variable resistor is controlled so as to
become 0 A current. FIG. 5 is view showing the result. Also
AE represents an electrode potential difference between an
electrode potential of a sample made up of Al, and that of a
sample made of another metal. According to results shown
in FIG. 5, in the case of using a sample made up of Al
(Eq=—-1.66V), the sample of a small potential difference
between electrodes is a sample made up of Ti (E,=-1.63), at
that time, AE is 0.03V.

By the way, stacked wiring that uses the stacked layer
(hereinafter, “stacked layer of Al and Ti”) formed by stack-
ing with Al layer, or Al alloy layer, and Ti layer, or Ti alloy
layer, by turns is not practical, and in the case that each metal
layer of this stacked wiring is uniformly etched by using the
etchant of the substantially equal etching rate, after reducing
the generation of under-cut, but this etchant is not practical
too. Also the one time etching method of the stacked layer
is not settled. Therefore, in order to verify the said result and
to realize the practical use, more time is needed.

Further, as a result of various examinations and
experiments, the present invention is shown in the following
facts: if an etchant composed of fluoric acid, periodic acid
and sulfuric acid were used, each metal layer composing a
stacked layer of Al and Ti can be etched at the same time.
And when the Al electrode and Ti electrode is immersed in
etchant according to the experiment, the potential difference
between electrodes (AE) becomes smaller. When the stacked
layer of Al and Ti is uniformly etched, the side etching
amount of Al layer (AL) becomes smaller, and especially if
an etchant wherein the potential difference between elec-
trodes (AE) is 400 mV and less were used, the under-cut can
be reduced without a problem for practical use (AL is 500 A
and less). Also the potential difference between electrodes
can be changed by controlling the compound amount of each
element composing the etchant. The reason is explained by
referring to following Nernst expression(1),

E=EA[(RT/mF)*In(o)] )

(in the expression, E is the potential difference, E, is
standard electrode potential, T is absolute temperature, n is
electron number, F is Faraday constant and o is an ion
activity in a solution.)

o depends on component and compound rate of etchant so
that the potential difference E can be changed.
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FIG. 6 is a view showing the relation between the
potential difference (AE) between the Al electrode and the Ti
electrode, and the side etching amount of a stacked layer of
Al or Ti. At this time, the side etching amount (AL) is, when
the stacked layer is formed by stacking an Al layer 3a of
1300 A and Ti layer 4a of 500 A in order on the substrate
24, and is etched by an etchant of HF, HIO, and H,SO,, a
distance from the four sides of the Ti layer to the four sides
sunk deeply of the Ti layer. When the potential difference
(AE) is 0.1V in FIG. 6, each element rate of etchant is the
same as follows—HF is 0.3 wt %, HIO, is 0.5 wt % and
H,S0, is 0.5 mol/l (2.7 wt %). In the case that AE is 0.45V,
HF is 0.25 wt %, HIO, is 0.5 wt % and H,SO, is 0.3 mol/l
(1.6 wt %). If AE were 0.65V, HF is 0.5 wt %, HIO, is 1 wt
%, H,S0, is 0.5 mol/l (2.7 wt %); if AE were 0.95V, HF is
0.3 wt %, HIO,, is 1.0 wt % and H,SO,, is 0.5 mol/l (2.7 wt
%).

And when the etchant is composed of fluoric acid, peri-
odic acid and sulfuric acid, a compound amount of each
element is prescribed within a special range so that the
potential difference between the Al electrode and the Ti
electrode (AE) is 400 mV or less, and the problems can be
solved.

In order to solve the problem, an etchant according to the
present invention possesses fluoric acid, periodic acid and
sulfuric acid wherein the total weight ratio of fluoric acid
and periodic acid is 0.05-30 wt %, the weight ratio of the
sulfuric acid is 0.05-20 wt %, the weight ratio of periodic
acid to fluoric acid is 0.01-2 wt %. Also each wiring layer
formed by stacking an Al layer, or Al alloy layer, and a Ti
layer, or Ti alloy layer, can be uniformly etched with a
substantially equal etching rate by the etchant.

If the total weight ratio of fluoric acid and periodic acid
were under 0.05 wt %, the etching rate should be extremely
slow, and if it exceeded 30 wt %, the etchant rate should
become too fast so that it is difficult to control.

If the weight rate of sulfuric acid were under 0.05 wt %,
then the potential difference (AE) should exceed 400 mV,
and when the stacked layer of Al layer, or Al alloy layer, and
Ti layer, or Ti alloy layer, were uniformly etched, a big
under-cut should be generated and the insulating press-
resistance defect might be generated. If it is excessively
added above 20 wt %, the effect is not increased and the rate
of fluoric acid and periodic acid will be decreased, and the
distribution of etching states within the layers will be
deteriorated.

If the weight ratio of periodic acid to fluoric acid were
under 0.01, the potential difference (AE) should exceed 400
mV. Also, if the weight ratio exceeded 2, the potential
difference (AE) should exceed 400 mV, and when the
stacked layer is uniformly etched, a big under-cut will be
generated. Also an insulating press-resistance defect may be
generated.

An etchant according to the present invention includes
fluoric acid, periodic acid and sulfuric acid, and each metal
layer having a stacked layer formed by stacking with Al
layer, or Al alloy layer, and Ti layer or Ti alloy layer, by
turns, or a stacked layer formed by stacking with Ti layer or
Ti alloy layer, Al layer or Al alloy layer, and Ti layer or Ti
alloy layer by turns can be etched at the same time.

Also according to an etchant of the present invention, in
the case that the total weight ratio of fluoric acid and
periodic acid is 0.05-30 wt %, the weight ratio of sulfuric
acid is 0.05-20 wt %, the weight ratio of periodic acid to
fluoric acid is 0.01-2 wt %, each metal layer including a
stacked layer of Ti layer or Ti alloy layer as another metal
layer stacked on Al layer or Al alloy layer having a low
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6

resistance can be etched to substantially an equal etching
rate by only etching one time.

Further, in order to solve the problem, in a method of
manufacturing a substrate for an electronic device according
to the present invention, a surface of a stacked layer formed
by stacking with an Al layer or Al alloy layer and a Ti layer
or Ti alloy layer (hereinafter, “stacked layer of Al and Ti”)
on the insulating substrate at least by turns has a mask of a
desired pattern, and the stacked layer is etched by using the
etchant so that the stacked wiring of the desired pattern is
formed.

And, in order to solve the problem, in a method of
manufacturing a substrate for electronic device according to
the present invention, a surface of a stacked layer formed by
stacking with a Ti layer or Ti alloy layer, Al layer or Al alloy
layer and Ti layer or Ti alloy layer (hereinafter, “stacked
layer of Al and Ti”) on the insulating substrate at least by
turns has a mask of a desired pattern, and the stacked layer
is etched by using the etchant so that the stacked wiring of
a desired pattern is formed.

In a method of manufacturing a substrate for electronic
device according to the present invention, each metal layer
including the stacked layer could be etched to substantially
equal etching rate by only one time etching because the
stacked layer is etched by using the etchant of the structure,
so that it is easy to control line width of wiring in the upper
layer and the lower layer including stacked wiring layer, the
yield is good, and the manufacturing process cost can be
reduced. And each metal layer including the stacked layer
could be etched to nearly equal etching rate of only one time,
so that it is easy to control the line width of wiring in the
upper layer and the lower layer including the stacked wiring
layer. Also, because of using the stacked layer formed by
stacking with a Ti layer or Ti alloy layer on an Al layer Al
alloy layer, it produces a structure of a barrier layer on the
surface of Al layer or Al alloy layer and a hillock generated
by the following heat treatment is restrained so that a short
or insulating defect generated from a hillock can be pre-
vented. Further the contact resistance between a Ti layer or
Ti alloy layer and ITO is smaller than the contact resistance
between an Al layer or Al alloy layer and ITO, so that
contact resistance can be decreased by forming a Ti layer or
Ti alloy layer on the surface of the Al layer or Al alloy layer.

Therefore, according to a method of manufacturing a
substrate for an electronic device, the electric property is
good and the substrate for an electric device of low cost can
be obtained by an improvement of yield.

An electronic device of the present invention has the
substrate for electronic device using stacked wiring layer
having a Al layer or Al alloy layer with a low wiring
resistance, so that a voltage drop of a signal caused by wiring
resistance or wiring delay is difficult to be generated, and a
most suitable display device of a wide-screen display, in
which wiring is lengthened, or a high definition display, in
which wiring becomes thin, can be easily realized.
(Embodiment of the Present Invention)

Hereinafter, the present invention will be described in
detail referring to the drawings, but the present invention is
not limited by the embodiments described herein.

FIG. 3 is a sectional view showing an embodiment of a
thin film transistor by applying the method of manufacturing
a substrate for an electronic device to a method of manu-
facturing a thin film transistor substrate provided in the
liquid crystal display device.

Symbol “a” represents a thin film transistor(TFT), “b” is
a terminal of source wiring installed to the outside of TFT
matrix and “c” is a terminal of gate wiring. The three parts
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are distant from the real liquid crystal display device having
this thin film transistor 1, and real sectional view is not
shown at the same time but it is illustrated near to each other
for convenience.

First of all, thin film transistor a will be explained.

Gate electrode 5 as the stacked wiring layer having an Al
layer or Al alloy layer 3 of 1300~2000 A thickness and a Ti
layer or Ti alloy layer of 500~1000 A thickness is provided
on the substrate 2. Gate insulating layer 7 is formed on the
gate electrode and semiconductor layer 8 of an amorphous
silicon (a-Si) is provided on the gate insulating layer 7 and
an n* a-Si layer 9 is formed on the semiconductor layer 8.
And a source electrode 12 and a drain electrode 15 is formed
on the n*a-Si layer. The source electrode 12 and the drain
electrode 15 includes the stacked wiring layer formed b
stacking with Ti layer or Ti alloy layer 10 of 500~1000 A
thickness, Al layer or Al alloy layer 11 of 1300~2000 A
thickness, also Ti layer or Ti alloy layer 10 of 500~1000 A
thickness.

Also, a passivation layer 17 covering the source electrode
12 or the drain electrode 15 is provided on the source
electrode or the drain electrode, and contact hole 18 coming
to Ti layer or Ti alloy layer 10 on the Al layer or Al alloy
layer 11 is formed on the passivation layer 17. And an ITO
layer 19 is formed as a pixel electrode passing through inner
wall and the bottom of the contact hole 18. The drain
electrode 15 is electrically connected with the ITO layer 19
(pixel electrode) through the contact hole 18.

Next, terminal part “b” of source wiring comprises: a
lower pad layer 16a composed of the Ti layer or Ti alloy
layer 10, Al layer or Al alloy layer 11 and Ti layer or Ti alloy
layer 10 on the gate insulating layer 7; passivation layer 17
provided on the lower pad layer; contact hole 20 coming to
Ti layer or Ti alloy layer 10 on Al layer or Al alloy layer 11;
and upper pad layer 21 composed of the ITO passing
through the inner wall and the bottom of the contact hole 20.
The upper pad layer 21 and the lower pad layer 16a is
electrically connected through the contact hole 20.

Then terminal part “c” of gate wiring comprises: lower
pad layer 16b constituted by stacked wiring layer of Al layer
or Al alloy layer 3 and Ti layer or Ti alloy layer 4 on the
substrate 2; gate insulating layer 7 provided on the lower pad
layer; passivation layer 17 provided on the gate insulating
layer; contact hole 22 coming to Ti layer or Ti alloy layer 4;
and upper pad layer 23 composed of the ITO passing
through inner wall and the bottom of the contact hole 22.
The upper pad layer 23 and the lower pad layer 16b is
electrically connected through the contact hole 22.

By this constitution, an ITO layer and an Al layer are
connected by inserting a Ti layer or Ti alloy layer composed
of metal connected electrically with the ITO, so that a
resistance increase, generated from direct connection to each
other, can be prevented.

A(amorphous)-SiN_:H, a-SiN_, a-SiO,:H, SiO, can be
used as the passivation layer.

Hereinafter, a method of manufacturing a thin film tran-
sistor substrate 1 according to the present invention is
described referring to FIG. 1 and FIG. 2. In FIG. 1 and FIG.
2, symbol “a” represents a thin film transistor(TFT) part, “b”
is a terminal of source wiring laid to the outside of TFT
matrix and “c” is a terminal of gate wiring.

Firstly, as shown in FIG. 1A, a stacked layer is formed by
stacking with the Al layer or Al alloy layer 3 and a Ti layer
or Ti alloy layer 4 by turns by sputtering over the substrate
2.

Secondly, in the thin film transistor part 1, photomask 27
of desired pattern is provided on Ti layer or Ti alloy layer 4
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by photolithography and then uniform etching is executed
on the stacked layer by using an etchant composed of fluoric
acid, periodic acid and sulfuric acid, and as shown in FIG.
1B, gate electrode 5 composed of a stacked wiring layer of
Al layer or Al alloy layer 3 and a Ti layer or Ti alloy layer
4 is provided. The etchant is controlled so that the total
weight ratio of the fluoric acid and periodic acid is 0.05-30
wt %, the weight ratio of sulfuric acid is 0.05-20 wt %, the
weight ratio periodic acid to fluoric acid is 0.01-2 wt %.

In the terminal part of gate wiring “c,” photomask 28 of
desired pattern is provided on the Ti layer or Ti alloy layer
4 by photolithography and then uniform etching is executed
on the accumulated layer by using the etchant, as shown in
FIG. 1B, so that the lower pad layer 16b composed of
stacked wiring layer of an Al layer or Al alloy layer 3 and
a Ti layer or Ti alloy layer 4 is provided.

As a result of this, an Al layer or Al alloy layer 3 and a
Ti layer or Ti alloy layer 4 including the stacked layer are
etched by a substantially equal etching rate at the same time,
and gate electrode 5 and the lower pad layer 16b, wherein
the wiring width of the upper layer and the lower layer have
an equal stacked wiring layer, so that insulating press-
resistance defect causing to under-cut can be prevented.

Next, gate insulating layer 7 is generated all over the
substrate 2 by a CVD method. And in the thin film transistor
part “a,” semiconductor layer 8 and n* a-Si layer 9 are
formed and then, as shown in FIG. 1C, semiconductor layer
8 and n* a-Si layer 9 are etched, except the upside of the gate
electrode 5 of the TFT channel part.

And, in the thin film transistor part “a” and the terminal
part of source wiring “b,” as shown in FIG. 1D, a stacked
layer is formed by stacking with a Ti layer or Ti alloy layer,
an Al layer or Al alloy layer, and a Ti layer or Ti alloy layer
by turns.

In the thin film transistor part “a,” photomask 37 of a
desired pattern is provided on the Ti layer or Ti alloy layer
10 of upside of gate electrode 5 that is TFT channel part, by
photolithography, and then uniform etching is executed on
the stacked layer by using the etchant, as shown in FIG. 2A,
such that the source electrode 12 and the drain electrode 14,
including a stacked wiring layer of a Ti layer or Ti alloy layer
10, an Al layer or Al alloy layer 11, and a Ti layer or Ti alloy
layer 10 is formed.

In the terminal part of source wiring “b,” a photomask 38
of a desired pattern is provided on the Ti layer or Ti alloy
layer 10 by photolithography, and then uniform etching is
executed on the stacked layer by using the etchant, so that
as shown in FIG. 2A, lower pad layer 16a including a
stacked wiring layer of a Ti layer or Ti alloy layer 10, an Al
layer or Al alloy layer 11, and a Ti layer or Ti alloy layer 10
is formed.

As a result of this, Ti layer or Ti alloy layer 10, Al layer
or Al alloy layer 3, and Ti layer or Ti alloy layer 4 including
the stacked layer can be etched by a substantially equal
etching rate at the same time, and the source electrode 12,
the drain electrode 14 and lower pad layer 16a, wherein
wiring the width in the middle of the upper layer and the
lower layer having an equal stacked wiring layer can be
obtained, so that an insulating press-resistance defect caus-
ing an under-cut can be prevented.

Hereinafter, channel 24 is formed by etching the n* a-Si
layer 9 using dry etch or both dry etch and wet etch.

And in the thin film transistor part “a,” the terminal part
of source wiring “b” and the terminal part of gate wiring “c,”
a passivation layer 17 is provided on the Ti layer or Ti alloy
layer 4,10.

Next, in the thin film transistor part “a,” as shown in FIG.
B, contact hole 18 is generated by etching the passivation
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layer 17 using dry etch or both dry etch and wet etch, an I[TO
layer is provided over the substrate and then patterning is
executed, as shown in FIG. 3, such that ITO layer 19 is
formed over the bottom of contact hole 18, the inner surface
and upside of the passivation layer 17.

Also in the terminal part of source wiring “b” and the
terminal part of gate wiring “c,” contact hole 20,22 is
generated by etching the passivation layer 17, using dry etch
or both dry etch and wet etch only, contact hole 22 is formed
by etching on both the passivation layer 17 and the gate
insulating layer 7 in the terminal part of gate wiring “c” and
then, ITO is formed over the substrate and patterning is
executed, as shown in FIG. 3, so that upper pad layers 21,23
are formed coming to the bottom of contact hole 20,23, inner
surface and upside of the passivation layer 17.

The thin film transistor substrate can be manufactured by
this order.

In a method of manufacturing thin film transistor substrate
according to the present embodiment, each metal layer
composing the stacked layer could be etched to a substan-
tially equal etching rate by only one time etching so that it
is easy to control the wiring width of upper layer and lower
layer composing the stacked wiring layer, the yield is good
and the manufacturing process cost can be reduced.

Also, because of using the stacked layer by stacking with
a Ti layer or Ti alloy layer on an Al layer or Al alloy layer,
a barrier layer is formed on the surface of Al layer or Al a
alloy layer and a hillock generated by the following heat
treatment is restrained so that a short or an insulating defect
generated from the hillock can be prevented.

Further, because a Ti layer or Ti alloy layer formed on Al
layer or Al alloy layer is connected to the ITO layer, the Al
layer or Al alloy layer can be electrically connected to ITO
layer without increasing the contact resistance.

As a result, the thin film transistor substrate 1 produced
according to a method of manufacturing of the present
invention has a good electric property and can reduce the
cost by increasing of yield.

The technical range of the present invention is not limited
to the details of the described embodiments, for example, the
layer thickness of the Al layer or Al alloy layer, the Ti layer
or Ti alloy layer and the passivation layer, and the shape can
be changed within the scope of the present invention.

The embodiment describes the case that the gate electrode
5 and the lower pad layer 16 is provided by etching
uniformly stacked layer formed by stacking with an Al layer
or Al alloy layer 3 and a Ti layer or Ti alloy layer 4, but can
also be provided by etching uniformly a stacked layer
formed by stacking with a Ti layer or Ti alloy layer, an Al
layer or Al alloy layer and a Ti layer or Ti alloy layer. And
the embodiment describes the case that the source electrode
12, the drain electrode 14 and the lower pad layer 16a is
provided by etching uniformly a stacked layer formed by
stacking with a Ti layer or Ti alloy layer 10, an Al layer or
Al alloy layer 11, and a Ti layer or Ti alloy layer 10, but can
also be provided by etching uniformly a stacked layer
formed by stacking with an Al layer or Al alloy layer 3 and
a Ti layer or Ti alloy layer 4.

FIG. 7 is a plan view showing an example of a reflective-
type liquid crystal display device using a substrate of a thin
film transistor according to a method of manufacturing a
substrate for an electronic device of the present invention.

The reflective-type liquid crystal display device has an
upper transparent electrode layer 55 and an upper alignment
layer 57 by turns on the inner surface of an upper substrate
51, and a lower transparent electrode layer 56 and a lower
alignment layer 58 by turns on the inner surface of the lower
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substrate 52 in the upper and lower substrates 51,52 having
a liquid crystal layer and facing each other.

The liquid crystal 59 is provided between the upper and
lower alignment layers 57,58. Upper polarizer 60 is pro-
vided on the outside of the upper substrate 51, lower
polarizer 61 is provided on the outside of the lower substrate
52 and a reflective plate 62 is provided on the outside of the
lower polarizer 61 wherein an uneven layer 65 is formed
toward the lower polarizer 61. The reflective plate 62, an
example, has a metal-reflective layer 64 of Al or Ag on the
uneven layer composed of polyester film 63 having uneven
face on the surface and uneven layer 65 on the surface.

In the reflective-type liquid crystal display device, the
substrate 52 is the substrate 2 of the thin film transistor 1
according to a method of manufacturing an electronic device
of the present invention, and the lower transparent electrode
layer 56 is the ITO layer (pixel electrode) 19.

A reflective-type liquid crystal display device of the
present invention has the thin film transistor substrate 1
using a stacked wiring layer having an Al layer or Al alloy
layer as a low resistance wiring, so that the volt drop of a
signal caused by wiring resistance or wiring delay is not
generated, and a most suitable display device of a wide-
screen display, in which wiring is lengthened, or a high
definition display, in which wiring becomes thin, can be
easily realized.

EMBODIMENT

Hereinafter, the present invention is described in detail
referring to embodiments, but the present invention is not
limited to the embodiments described herein.

(Embodiment 1)

The relation between the HIO,, content of an etchant, and
the potential difference between the Al electrode and the Ti
electrode is investigated by using the electrode-electric
potential measuring instrument as follows.

Etchant is filled in a container, an Al electrode and a Ti
electrode are immersed in the etchant as both electrodes, a
voltage is applied by a source, and then the potential
difference between both electrodes is measured. HF of 0.3
wt %, H,SO,, of 0.1 mol/1 (0.54 wt %) is used as the etchant,
and HIO, has range of 0.05 wt %~2.0 wt %. The result is
shown in FIG. 8.

In the result shown in FIG. 8, in the case that the HF
content of the etchant is 0.3 wt % and the H,SO, content is
0.1 mol/l, if the HIO, content is 0.6 wt % or less, the
potential difference between the Al electrode and the Ti
electrode (AE) should be 0.4V or less. In the case of having
the potential difference (AE) of 0.4V, the weight ratio of
HIO, to HF is 2 or less so that the weight ratio of HIO, to
HF has a limit 2.

(Embodiment 2)

The relationship between the HF content of the etchant
and the potential difference between the Al electrode and the
Ti electrode, and side etching amount (AL) when a stacked
layer of the Al layer and Ti layer is etched by using the
etchant, is investigated as follows.

In the HF content of the etchant and the potential differ-
ence between the Al electrode and the Ti electrode, embodi-
ment 2 is same as embodiment 1 except that the HIO,
content of the etchant is 1.5 wt %, H,SO,, is 1 mol/l (5.4 wt
%) and HF is 0.1 wt %~0.8 wt %. The result is shown in FIG.
9.

And, the side etching amount is measured when a stacked
layer formed from an Al layer having a thickness of 1300 A
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and a Ti layer having a thickness of 500 Als uniformly
etched by using the etchant.

The result is shown in FIG. 10.

In the results shown in FIG. 9 and FIG. 10, in the case that
the HIO, content of the etchant is 1.5 wt %, and H,SO, is
1 mol/l, if the HF content is 0.65 wt % or more, the potential
difference between the Al electrode and the Ti electrode (AE)
should be 0.4V and less. Also the side etching amount (AL)
is 500 A or less, and it doesn’t have a problem for practical
use. Especially, in the case that the HF content is 0.75 wt %
or more, the side etching amount (AL) becomes 250 A and
less.

(Embodiment 3)

Embodiment 3 is same as embodiment 1 except that the
HIO, content of the etchant is 0.05 wt %, HF is 0.03 wt %
and H,S0, is 0 wt %~0.54 wt %, as the H,SO, content of
etchant and the difference in potential between Al electrode
and Ti electrode.

The result is shown in FIG. 11.

In the result shown in FIG. 11, in the case that the HF
content of the etchant is 0.03 wt % and the HIO, content is
0.05 wt %, if H,SO, were 0.05 wt % or less, the potential
difference between the Al electrode and the Ti electrode (AE)
becomes 0.4V or less. Therefore the lower limit of the
weight ratio of H,S0O, is 0.05 wt %.

As mentioned hereto, an etchant according to the present
invention has the advantage that each metal layer composing
a stacked layer of a Ti layer or Ti alloy layer as another metal
layer accumulated on an Al layer or Al alloy layer having
low resistance can be etched to a substantially equal etching
rate by only etching the structure one time.

Also, according to a method of manufacturing a substrate
for an electronic device of the present invention, if the
stacked layer is etched by using the etchant of the structure,
each metal layer composing the stacked layer could be
etched to a substantially equal etching rate by only one time
etching, so that it is easy to control the wiring width of the
upper layer and the lower layer composing the stacked
wiring layer, the yield is good and the manufacturing process
cost can be reduced.

Also, according to an electronic device of the present
invention, the voltage drop of a signal, caused by wiring
resistance or wiring delay is not generated, and a most
suitable display device of a wide-screen display, in which
wiring is lengthened, or a high definition display, in which
wiring becomes thin, can be easily realized.

What is claimed is:

1. A method of manufacturing a substrate, comprising:

forming a stacked wiring layer on a substrate, the stacked

wiring layer having an aluminum layer and a titanium
layer;

masking the stacked wiring layer; and

etching the stacked wiring layer using an etchant that

etches the aluminum layer and the titanium layer at
substantially the same etching rate;

wherein the etchant produces a first electric potential

between the aluminum layer and a standard hydrogen
electrode and a second electric potential between the
titanium layer and a standard hydrogen electrode, and
the potential difference between the first electric poten-
tial and the second electric potential is less than 400
millivolts.

2. The method of claim 1, wherein the etchant includes a
fluoric acid, a periodic acid and sulfuric acid.

3. The method of claim 2, wherein the combined concen-
tration of the fluoric acid and the periodic acid is between
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0.05 wt% and 30 wt%, and the concentration of the sulfuric
acid is between 0.05 wt% and 20 wt%.

4. The method of claim 2, wherein the ratio of the
concentration by weight of the periodic acid to the fluoric
acid is between 0.001:1 and 2:1.

5. The method of claim 1, wherein the stacked wiring
layer includes an aluminum alloy.

6. The method of claim 1, wherein the stacked wiring
layer includes a titanium alloy.

7. A method of manufacturing a liquid crystal display
device, comprising:

forming a stacked wiring layer on a substrate, the stacked

wiring layer having an aluminum layer and a titanium
layer;

masking the stacked wiring layer in the form of a gate

electrode; and

etching the stacked wiring layer using an etchant that

etches the aluminum layer and the titanium layer at
substantially the same etching rate;

wherein the etchant includes a fluoric acid, a periodic acid

and sulfuric acid.

8. The method of claim 7, wherein the combined concen-
tration of the fluoric acid and the periodic acid is between
0.05 wt% and 30 wt%, and the concentration of the sulfuric
acid is between 0.05 wt% and 20 wt%.

9. The method of claim 7, wherein the ratio of the
concentration by weight of the periodic acid to the fluoric
acid is between 0.001:1 and 2:1.

10. The method of claim 7, further comprising forming a
gate insulating layer over the gate electrode.

11. The method of claim 10, further comprising forming
a silicon layer over the gate insulating layer.

12. The method of claim 11, further comprising forming
a source electrode and a drain electrode on the silicon layer.

13. The method of claim 12, wherein the source electrode
includes an aluminum layer and a titanium layer.

14. The method of claim 13, wherein the drain electrode
includes an aluminum alloy.

15. The method of claim 13, wherein the drain electrode
includes a titanium alloy.

16. The method of claim 12, further comprising forming
a passivation layer over the source and drain electrodes.

17. The method of claim 16, further comprising forming
a pixel electrode on the passivation layer.

18. The method of claim 17, wherein the pixel electrode
is electrically connected with the drain electrode through a
contact hole.

19. The method of claim 11, wherein the silicon layer
includes an amorphous silicon layer.

20. The method of claim 7, wherein forming the stacked
wiring layer includes sputtering the aluminum layer on the
substrate.

21. The method of claim 7, wherein the stacked wiring
layer includes an aluminum alloy.

22. The method of claim 7, wherein the stacked wiring
layer includes a titanium alloy.

23. The method of claim 10, further comprising:

forming a lower pad layer on the gate insulating layer;

forming a passivation layer on the lower pad layer; and
forming an upper pad layer on the passivation layer.

24. The method of claim 23, wherein the lower pad layer
includes an aluminum layer and a titanium layer.

25. The method of claim 24, wherein the lower pad layer
includes an aluminum alloy and a titanium alloy.

26. The method of claim 23, wherein the upper pad layer
includes an ITO layer.
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27. THe method of claim 23, wherein the lower pad layer
is electrically connected with the upper pad layer through a
contact hole on the passivation layer.

28. THe method of claim 7, further comprising:

forming a lower pad layer on the substrate;
forming a gate insulating layer on the lower pad layer;

forming a passivation layer on the gate insulating layer;
and

forming an upper pad layer on the passivation layer.

29. The method of claim 28, wherein the lower pad layer
includes an aluminum layer and a titanium layer.

30. THe method of claim 29, wherein the lower pad layer
includes an aluminum alloy or a titanium alloy.

31. The method of claim 28, wherein the upper pad layer
includes an ITO layer.

32. The method of claim 28, wherein the lower pad layer
is electrically connected with the upper pad layer through a
contact hole on the passivation layer.
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33. A method of manufacturing a substrate, comprising:

forming a stacked wiring layer on a substrate, the stacked
wiring layer having an aluminum alloy layer and a
titanium alloy layer;

masking the stacked wiring layer; and

etching the stacked wiring layer using an etchant that
etches the aluminum layer and the titanium layer at
substantially the same etching rate;

wherein the etchant produces a first electric potential
between the aluminum layer and a standard hydrogen
electrode and a second electric potential between the
titanium layer and a standard hydrogen electrode, and
the potential difference between the first electric poten-
tial and the second electric potential is less than 400
millivolts.



