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7) ABSTRACT

Provided are a semi-transmitting and semi-reflecting elec-
trode substrate provided with a transparent conductive layer
which is almost free from the generation of residues caused
by etching and is resistant to an etchant for a metal reflecting
layer (metal layer), a method of producing the semi-transmit-
ting and semi-reflecting electrode substrate and a liquid crys-
tal display device using the semi-transmitting and semi-re-
flecting electrode substrate. Specifically, the invention relates
a semi-transmitting and semi-reflecting electrode substrate
comprising a transparent substrate, a transparent conductive
layer which is disposed on the transparent substrate and con-
tains indium oxide as its major component and further one or
two or more oxides selected from tungsten oxide, molybde-
num oxide and niobium oxide and a metal reflecting layer
which is disposed on the transparent substrate, reflects extra-
neous light and is connected with the transparent conductive
layer, to a method producing the semi-transmitting and semi-
reflecting electrode substrate and to a liquid crystal display
device using the semi-transmitting and semi-reflecting elec-
trode substrate. This semi-transmitting and semi-reflecting
electrode substrate is almost free from the generation of resi-
dues, has high processability and improves the yield.
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SEMI-TRANSMISSIVE/SEMI-REFLECTIVE
ELECTRODE SUBSTRATE, METHOD FOR
MANUFACTURING SAME, AND LIQUID
CRYSTAL DISPLAY USING SUCH
SEMI-TRANSMISSIVE/SEMI-REFLECTIVE
ELECTRODE SUBSTRATE

FIELD OF THE INVENTION

[0001] The invention relates to a semi-transmitting and
semi-reflecting substrate used in a semi-transmitting and
semi-reflecting type liquid crystal display. Also, this inven-
tion relates to a method of producing the semi-transmitting
and semi-reflecting electrode substrate and to a liquid crystal
display device using the produced semi-transmitting and
semi-reflector electrode substrate.

BACKGROUND ART

[0002] A semi-transmitting and semi-reflecting liquid crys-
tal device is aliquid crystal display device provided with both
reflector electrode and transparent electrode. This device
therefore has a function as a transmitting type liquid crystal
display device and a function as areflecting type liquid crystal
device at the same time. Conventionally, earnest researches
and developments of this semi-transmitting and semi-reflect-
ing liquid crystal display device have been made from, for
example, the following reasons.

[0003] (1) The liquid crystal display device is a semi-trans-
mitting and semi-reflecting type. Therefore, it may be used as
areflecting type allowing a liquid crystal display device to be
effected by utilizing extraneous light in the open where extra-
neous light is relatively strong whereas it may be used as a
transmitting type allowing a liquid crystal display to be
effected by utilizing back light in the interior of a house where
extraneous light is relatively weak. Therefore, this display
device can display with high brightness whether the display is
used in the open or in the interior of a house.

[0004] (2) When the liquid crystal display is used ina bright
place (under strong extraneous light), it can be used as reflect-
ing type and power consumption can be therefore saved.
[0005] (3) The liquid crystal display can be used as a
reflecting type in the open and therefore, it can be operated
with small power consumption. It is therefore suitable for
portable type displays.

[0006] (4) A full-color type semi-transmitting and semi-
reflecting display device can be easily developed.

[0007] However, in the semi-transmitting and semi-reflect-
ing liquid crystal display, a reflector electrode and a transpar-
ent electrode must be disposed in the same pixel in a liquid
crystal driving electrode portion, giving rise to the problem
that the production process is complicated, and a reduction in
yield and cost-up are caused and the problem that an image
seen on a transmitting type liquid crystal display is different
from that on a reflecting type and there is therefore a difficulty
in seeing an image.

[0008] In light of this, the following Patent References 1
and 2 disclose semi-transmitting and semi-reflecting liquid
crystal driving electrodes respectively having a structure in
which a silver reflecting film is formed, then this silver
reflecting film is covered with a protective film and a liquid
crystal driving transparent electrode is formed on the protec-
tive film. These silver reflecting layer and liquid crystal driv-
ing transparent electrode are alternately arranged to thereby
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form a semi-transmitting and semi-reflecting liquid crystal
driving electrode having a semi-transmitting and semi-re-
flecting function.

[0009] Also, the following Patent Reference 3 discloses a
semi-transmitting reflecting film produced by further form-
ing a Si thin film having an auxiliary reflecting function
beneath a metal-based semi-transmitting reflecting layer.

[0010] Patent Reference 1: Publication of Japanese Patent
Application Laid-Open (JP-A) No. 2002-49034

Patent Reference 2: Publication of JP-A No. 2002-49033
Patent Reference 3: Publication of JP-A No. 2001-305529

DISCLOSURE OF THE INVENTION
Problems to be solved by the Invention

[0011] However, in the above Patent references 1 to 3 and
the like, the transparent electrode portion is etched separately
from the reflector portion. This is the reason why it is neces-
sary to carry out the repeated step “film formation-etching by
photolithography-film formation-etching by photolithogra-
phy” to form a layer which is to be the transparent electrode
portion and a layer which is to be a reflector portion. At this
time, the layer which is to be the transparent electrode portion
and the layer which is to be a reflector portion are electrically
connected with each other and there is therefore the case
where a developer, an etchant and a releasing agent, which are
used to etch these electrode layers, cause a cell reaction which
causes the reflecting substrate (reflector portion) to be cor-
roded locally.

[0012] Also, when a reflector electrode is provided on a
transparent electrode, there is a fear of damaging the trans-
parent electrode when the reflector electrode is etched. In
particular, ITO (indium-tin oxide) is given as general
examples of the material to be used for the transparent elec-
trode and Al is given as examples of the material to be used for
the reflector electrode. In this case, there is the problem that a
cell reaction is easily caused when ITO is in contact with Al.

[0013] Also, in the case of crystalline [TO, it can be etched
only by a strong acid such as aqua regia or hydrochloric acid,
posing the problem, for example, that wiring materials such
as TFT are corroded. In the case of amorphous ITO, on the
other hand, a reduction in adhesion to a base substrate is often
observed and there is also the case where it causes an increase
in contact resistance between ITO and TFT wiring materials.
Also, a residue is generated during etching and there is there-
fore a fear that short circuits are developed and troubles about
the driving of a liquid crystal arise. On the other hand, 170
(trademark, manufactured by Idemitsu Kosan Co., Ltd.,
indium-zinc oxide) has been developed as an amorphous
material. However, when a reflector electrode containing Al is
provided on a transparent electrode, this material is dissolved
even in an etchant for Al by nature it is difficult to use this
material.

[0014] The invention has been made in view of the above
problems and it is an object of the invention to provide a
semi-transmitting and semi-reflecting electrode substrate
which produces almost no residue in etching and is resistant
to an etchant used for a reflector electrode. Another object of
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the invention is to provide a production method to obtain the
above semi-transmitting and semi-reflecting electrode sub-
strate in an efficient manner.

[0015] Also, a further object of the invention is to provide a
liquid crystal display device utilizing the above semi-trans-
mitting and semi-reflecting electrode substrate.

Means to Solve the Problem

[0016] The invention is largely divided into two classes.
The following (1) to (9) are a first invention group. The
following (10) to (21) are a second invention group.

[0017] Embodiments of the first invention are those of the
A-group which will be explained later and embodiments of
the second invention are those of the B-group which will be
explained later.

[0018] First Invention Group

[0019] (1) In order to solve the above problem, a semi-
transmitting and semi-reflecting electrode substrate com-
prises a transparent substrate, a transparent conductive layer
which is disposed on the above transparent substrate and
contains indium oxide as its major component and further one
or two or more oxides selected from tungsten oxide, molyb-
denum oxide and niobium oxide and a metal reflecting layer
which is disposed on the above transparent substrate, reflects
extraneous light and is connected electrically with the above
transparent conductive layer.

[0020] The descriptions which read as follows: “contains
indium oxide as its major component” in this patent means
that indium oxide is contained as its principal component and
means that the content of indium oxide is 50% or more in
terms of atomic composition ratio, weight ratio or volumetric
ratio.

[0021] The addition of tungsten oxide, molybdenum oxide
or niobium oxide ensures that after the transparent conductive
layer is formed, the formed transparent conductive layer can
be etched using an etchant containing oxalic acid. The sub-
strate temperature when the film is formed is preferably R.T.
(room temperature) to 200° C. and more preferably 80° C. to
180° C. The reason why the substrate temperature when the
film 1s formed is designed to be in the above range is that it is
necessary to cool for controlling the substrate temperature to
R.T. or less, leading to a loss of energy, whereas when the
substrate temperature is designed to be 200° C. or higher,
there is the case where the etching using the etchant contain-
ing oxalic acid cannot be carried out because of, for example,
crystallization of the transparent conductive layer. Also,
water and hydrogen may be added in the atmospheric gas
during the course of film formation. This makes it easy to etch
the formed transparent conductive layer by using an etchant
containing oxalic acid and residues can be more reduced.
[0022] The addition of the above metal oxide enables the
crystallization of the transparent conductive layer on the sub-
strate simply by heating the temperature of the substrate to
200° C. or higher after the above formed transparent conduc-
tive layer is etched. The crystallization temperature is prefer-
ably 220° C. or higher and more preferably 230° C. or higher.
[0023] If the transparent conductive layer is crystallized,
the damages to the transparent conductive layer caused by an
etchant constituted of phosphoric acid, acetic acid and nitric
acid, which etchant is usually used for a metal reflecting layer
can be avoided. Also, the addition of tungsten oxide, molyb-
denum oxide or niobium oxide makes it possible to suppress
a cell reaction.
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[0024] The film thickness of the transparent conductive
layer 1s preferably 20 to 500 nm, more preferably 30 to 300
nm and still more preferably 30 to 200 nm. When the film
thickness of the transparent conductive layer is less than 20
nm, there is the case where the surface resistance of the
transparent conductive layer is raised whereas if the film
thickness of the transparent conductive layer exceeds 500 nm,
there is the case where the problems arise concerning a reduc-
tion in transmittance and processing accuracy.

[0025] The reflectance of the metal reflecting layer is pref-
erably 80% or more. The reflectance according to the inven-
tion is measured using a graph in which the ordinate (Y axis)
is the reflectance and the abscissa (X axis) is the wavelength.
This reflectance is defined as a value obtained by expressing
the proportion of the area calculated by actual data of the
metal reflecting layer (or metal layer) as % based on the area
obtained when the reflectance at each wavelength is set to
100% in a measurable wavelength range of 400 to 700 nm in
the graph.

[0026] Here, the aforementioned area means the area
enclosed by the X axis and the reflectance spectrums in the
wavelength range of 400 to 700 nm in the above graph. It is
needless to say that this area is equal to the value obtained by
integrating the reflectance spectrum with respect to the wave-
length of 400 to 700 nm.

[0027] The film thickness of the metal reflecting layer is
preferably 10 to 1000 nm, more preferably 30 to 300 nm and
still more preferably 50to 200 nm. When the film thickness of
the metal reflecting layer is less than 10 nm, there is the case
where the reflectance is 80% or more, whereas the film thick-
ness exceeds 1000 nm, there is the case where a problem
arises concerning processing accuracy.

[0028] Also, the transparent conductive layer is provided
with the ability of almost transmitting light, whereas the
metal reflecting layer has the ability of almost reflecting light.
When the transparent conductive layer having such a function
and the above metal reflecting layer connected electrically
with the transparent conductive layer are provided at the same
time, a semi-transmitting and semi-reflecting electrode sub-
strate is obtained.

[0029] (2) Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to the
above (1), wherein the value of [In]/[All metals] that is a
composition ratio of In in the above transparent conductive
layer containing indium oxide as its major component and
further one or two or more oxides selected from tungsten
oxide, molybdenum oxide and niobium oxide is 0.85 to 0.99.

[0030] As to the composition of the transparent conductive
layer, the composition ratio of In (hereinafter, referred to as
atomic ratio in some cases) is as follows: [In]/[ All metals]=0.
8510 0.99 as atomic ratio. When the composition ratio of In is
less than 0.85, there is the case where the resistance of the
transparent conductive layer is increased and the transparent
conductive layer is not crystallized even if the substrate on
which the transparent conductive layer has been formed is
heated to 200° C. or higher. Also, when the composition ratio
of In exceeds 0.99, there is the case where the transparent
conductive layer is crystallized when the transparent conduc-
tive layer is formed and cannot be etched by an etchant
containing oxalic acid and residues are generated in a large
amount. This is the reason why the composition ratio [In]/[All
metals]=0.85 to 0.99. Here, [In] represents the number of
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indium atoms per unit volume and [ All metals] represents the
number of all metal atoms per unit volume in the transparent
conductive layer.

[0031] Snand Zn may be added as third atoms in the above
transparent conductive layer. Here, the first atom is an indium
atom in indium oxide and the second atom is a tungsten atom,
niobium atom and molybdenum oxide atom in one or two or
more oxides selected from tungsten oxide, niobium oxide and
molybdenum oxide. “Third atom” means an atom following
these first and second atoms and means, in short, other atom.
[0032] When Sn is added, the composition ratio of Sn,
namely, [Sn]/[ All metals]<0.2 and more preferably [Sn]/[All
metals]<0.1 as atomic ratio. When [Sn]/[All metals] in the
transparent conductive layer is 0.2 or more, there is the case
where residues are generated during etching. Here, [Sn] rep-
resents the number of tin atoms per unit volume.

[0033] When Zn is added, the composition ratio of Zn,
namely, [Zn]/[All metals]<0.1 and more preferably [Zn]/[ All
metals]<0.05 as atomic ratio. When [Zn]/[All metals] in the
transparent conductive layer is 0.1 or more, there is the case
where a mixture acid containing phosphoric acid, acetic acid
and nitric acid gives damages to the transparent conductive
layer when the metal reflecting layer is etched using the
mixture acid. Here, [Zn] represents the number of zinc atoms
per unit volume.

[0034] (3) Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to the
above (1) or (2), wherein the above metal reflecting layer has
a layer containing Al or Ag as components.

[0035] Besides Al and Ag, lanthanoid-based metals such as
Nd and heavy metals such as Co, Ni, Pd, Au, Zr, Pt and Cu
may be added in the layer (layer containing Al or Ag as its
major components) included in the above metal reflecting
layer.

[0036] The content of these lanthanoid-based metals and
heavy metals to be added is preferably 0.1 to 5 wt %, more
preferably 0.5 to 3 wt % and still more preferably 0.5 to 2 wt
%. When the content of the lanthanoid metals and heavy
metals is less than 0.1 wt %, there is the case where no effect
is obtained by the addition of the these metals whereas when
the content of the lanthanoid metals and heavy metals is 5 wt
% or more, there is the case where the reflectance of the metal
reflecting layer is reduced.

[0037] (4) A semi-transmitting and semi-reflecting elec-
trode substrate according to the invention comprises a trans-
parent substrate, a transparent conductive layer which is dis-
posed on the above transparent substrate and contains indium
oxide as its major component and further one or two or more
oxides selected from tungsten oxide, molybdenum oxide and
niobium oxide, a TFT element disposed on the above trans-
parent substrate and a metal layer which is disposed on the
above transparent substrate and connects the above transpat-
ent conductive layer electrically with the above TFT element,
wherein the above metal layer has a reflectance of 80% or
more.

[0038] The above TFT element is a Thin Film Transistor
(thin film transistor). When tungsten oxide, molybdenum
oxide or niobjum oxide is added, it is ensured that after the
transparent conductive layer is formed, the formed transpar-
ent conductive layer can be etched using an etchant contain-
ing oxalic acid. The substrate temperature when the film is
formed is preferably R.T. (room temperature) to 200° C. and
more preferably 80° C. to 180° C. The reason why the sub-
strate temperature when the film is formed is designed to be in
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the above range is that it is necessary to cool for controlling
the substrate temperature to R.T. or less, leading to a loss of
energy, whereas when the substrate temperature is designed
to be 200° C. or higher, there is the case where the etching
using the etchant containing oxalic acid cannot be carried out
because of, for example, crystallization of the transparent
conductive layer. Also, water and hydrogen may be added in
the atmospheric gas during the course of film formation. This
makes it easy to etch the formed transparent conductive layer
by using an etchant containing oxalic acid and residues can be
more reduced.

[0039] The addition of the above metal oxide enables the
crystallization of the transparent conductive layer on the sub-
strate simply by heating the temperature of the substrate to
200° C. after the above formed transparent conductive layer is
etched. The crystallization temperature is preferably 220° C.
or higher and more preferably 230° C. or higher. If the trans-
parent conductive layer is crystallized, the damages to the
transparent conductive layer caused by an etchant constituted
of phosphoric acid, acetic acid and nitric acid, which etchant
is usually used for a metal reflecting layer can be avoided.
[0040] The film thickness of the transparent conductive
layer is preferably 20 to 500 mm, more preferably 30 to 300
nm and still more preferably 30 to 200 nm. When the film
thickness of the transparent conductive layer is less than 20
nm, there is the case where the surface resistance of the
transparent conductive layer is raised whereas when the film
thickness of the transparent conductive layer exceeds 500 nm,
there is the case where the problems arise concerning a reduc-
tion in transmittance and processing accuracy. The film thick-
ness of the metal reflecting layeris preferably 10 to 1000 nm,
more preferably 30 to 300 nm and still more preferably 50 to
200 nm. When the film thickness of the metal reflecting layer
1s less than 10 nm, there is the case where the reflectance isnot
80% or more, whereas the film thickness exceeds 1000 nm,
there 1s the case where a problem arises concerning process-
ing accuracy.

[0041] Also, the transparent conductive layer is provided
with the ability of almost transmitting light, whereas the
metal layer has the ability of almost reflecting light. When the
transparent conductive layer is electrically connected with the
TFT element through the metal layer, the transparent conduc-
tive layer and the metal layer function as the electrodes to be
used in a liquid crystal display device. Also, because the
reflectance of the metal layer is 80% or more, the metal layer
functions as a reflector electrode resultantly. The metal layer
that functions as a reflector electrode and the transparent
conductive layer are provided at the same time in this manner
to obtain a semi-transmitting and semi-reflecting electrode
substrate is obtained.

[0042] (5)Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to the
above (4), wherein the value of [In]/[All metals] that is a
composition ratio of In in the above transparent conductive
layer containing indium oxide as its major component and
further one or two or more oxides selected from tungsten
oxide, molybdenum oxide and niobium oxide is 0.85 to 0.99.
[0043] As to the composition of the transparent conductive
layer, the composition ratio of In is as follows: [In]/[All
metals]=0.85 to 0.99 as atomic ratio. When the composition
ratio of In is less than 0.85, there is the case where the
resistance of the transparent conductive layer is increased and
the transparent conductive layer is not crystallized even if the
substrate on which the transparent conductive layer has been
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formed is heated to 200° C. or higher. Also, when the com-
position ratio of In exceeds 0.99, there is the case where the
transparent conductive layer is not crystallized when the
transparent conductive layer is formed and cannot be etched
by an etchant containing oxalic acid and residues are gener-
ated in a large amount. This is the reason why the composition
ratio [In]/[All metals]=0.85 to 0.99.

[0044] Snand Zn may be added as third atoms in the above
transparent conductive layer. When Sn is added, the compo-
sition ratio of Sn, namely, [Sn]/[All metals]<0.2 and more
preferably [Sn]/[All metals]<0.1 as atomic ratio. When [Sn]/
[All metals] in the transparent conductive layer is 0.2 or more,
there is the case where residues are generated during etching.
[0045] When Zn is added, the composition ratio of Zn,
namely, [Zn]/[All metals]<0.1 and more preferably [Zn]/[All
metals]<0.05 as atomic ratio. When [Zn]/[All metals] in the
transparent conductive layer is 0.1 or more, there is the case
where a mixture acid containing phosphoric acid, acetic acid
and nitric acid gives damages to the transparent conductive
layer when the metal reflecting layer is etched using the
mixture acid.

[0046] (6) Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to the
above (4) or (5), wherein the above metal layer has a layer
containing Al or Ag as components.

[0047] If the reflectance of the metal layer is not 80% or
more, the reflectance for extraneous light is decreased and
there is therefore the case where an image on a liquid crystal
display is scarcely seen. As the layer (layer containing Al and
Ag as its components) included in the metal layer, besides Al
and Ag, lanthanoid-based metals such as Nd and heavy metals
such as Co, Ni, Pd, Au, Zr, Pt and Cu are preferably added.
[0048] The content of these lanthanoid-based metals and
heavy metals to be added is preferably 0.1 to 5 wt %, more
preferably 0.5 to 3 wt % and still more preferably 0.5 to 2 wt
%. When the content of the lanthanoid metals and heavy
metals is less than 0.1 wt %, there is the case where no effect
is obtained by the addition of the these metals whereas when
the content of the lanthanoid metals and heavy metals is 5 wt
% or more, there is the case where the reflectance of the metal
reflecting layer is reduced.

[0049] (7) Also, the invention relates to a method of pro-
ducing the semi-transmitting and semi-reflecting electrode
substrate according to any one of the above (1) to (3), the
method comprising a step of etching the above transparent
conductive layer which contains indium oxide as its major
component and further one or two or more oxides selected
from tungsten oxide, molybdenum oxide and niobium oxide
and is disposed on the above transparent substrate, by an
etchant containing oxalic acid and a step of etching the metal
layer connected electrically with the above transparent elec-
trode layer by a mixture acid containing phosphoric acid,
acetic acid and nitric acid to form the above metal reflecting
layer.

[0050] The concentration of oxalic acid in the etchant con-
taining oxalic acid is preferably 1 to 10 wt % and more
preferably 1 to 5 wt %. This is because when the concentra-
tion of oxalic acid is less than 1 wt %, there is the case where
the etching rate of the transparent conductive layeris lowered,
whereas when the concentration of oxalic acid exceeds 10 wt
%, there is the case where crystals of oxalic acid precipitate in
the etchant solution containing oxalic acid.

[0051] Each concentration of phosphoric acid, acetic acid
and nitric acid in the mixture acid used for etching the metal
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layer may be properly selected. However, the concentration
of phosphoric acid is preferably 40 to 95 wt %, the concen-
tration of acetic acid is preferably 5 to 60 wt % and the
concentration of nitric acid is preferably 0.5 to 5 wt %. This
mixture acid may be diluted with water as required.

[0052] Itis preferable to heat the substrate formed with the
transparent conductive layer to 200° C. or higher, preferably
220° C. or higher and more preferably 230° C. or higher,
thereby crystallizing the transparent conductive layer. If the
transparent conductive layer has been crystallized, a damage
to the transparent conductive layer can be decreased when the
metal layer is etched by a mixture acid containing a phospho-
ric acid, acetic acid and nitric acid.

[0053] (8) Also, the invention relates to a method of pro-
ducing the semi-transmitting and semi-reflecting electrode
substrate according to any one of the above (4) to (6), the
method comprising a step of etching the above transparent
conductive layer which contains indium oxide as its major
component and further one or two or more oxides selected
from tungsten oxide, molybdenum oxide and niobium oxide
and is disposed on the above transparent substrate, by an
etchant containing oxalic acid and a step of etching the above
metal layer which connects the above transparent conductive
layer electrically with the above TFT element and has a
reflectance of 80% or more, by using a mixture acid contain-
ing phosphoric acid, oxalic acid and nitric acid.

[0054] If the transparent conductive layer is electrically
connected with the TFT element by the metal layer, the trans-
parent conductive layer and the metal layer function as the
electrodes used to drive a TFT drive system liquid crystal
display device. Also, as mentioned above, the transparent
conductive layer has the function of almost transmitting light
and the metal layer has the function of almost reflecting light.
The metal layer functions as a reflector electrode to thereby
obtain a semi-transmitting and semi-reflecting electrode sub-
strate.

[0055] (9) Also, the invention relates to a liquid crystal
display comprising the semi-transmitting and semi-reflecting
electrode substrate according to any one of the above (1) to (6)
and a liquid crystal layer driven by the above semi-transmit-
ting and semi-reflecting electrode substrate.

[0056] Since the liquid crystal display device is provided
with the first or second semi-transmitting and semi-reflecting
electrode substrate, it has a function as a reflecting type liquid
crystal display device and a function as a transparent type
liquid crystal display device at the same time.

[0057] Second Invention Group

[0058] (10) In order to solve the above problem, a semi-
transmitting and semi-reflecting electrode substrate com-
prises a transparent substrate, a transparent conductive layer
which is disposed on the above transparent substrate and
contains indium oxide as its major component and further one
or two or more oxides selected from lanthanoid-based metal
oxides and a metal reflecting layer which is disposed on the
above transparent substrate and 1s connected with the above
transparent conductive layer.

[0059] The descriptions reading as follows: “contains
indium oxide as its major component” in this patent means
that indium oxide is contained as its principal component and
means that the content of indium oxide is 50% or more in
terms of weight composition ratio, volumetric ratio or atomic
number ratio.

[0060] The addition of the lanthanoid-based metal oxide
ensures that after the transparent conductive layer is formed,
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the formed transparent conductive layer can be etched using
an etchant containing oxalic acid. The substrate temperature
when the film is formed is preferably R.T. (room temperature)
to 200° C. and more preferably 80° C. to 180° C. The reason
why the substrate temperature when the film is formed is
designed to be in the above range is that it is necessary to cool
for controlling the substrate temperature to R.T. or less, lead-
ing to a loss of energy, whereas when the substrate tempera-
ture is designed to be 200° C. or higher, there is the case where
the etching using the etchant containing oxalic acid cannot be
carried out because of, for example, crystallization of the
transparent conductive layer.

[0061] Also, water and hydrogen may be added in the atmo-
spheric gas during the course of film formation. This makes it
easy to etch the formed transparent conductive layer by using
an etchant containing oxalic acid and residues can be more
reduced. The concentration of water and hydrogen in the
atmospheric gas is preferably 0.1 to 10%. This is because
when the concentration of water and hydrogen is less than
0.1%, there is the case where the effect obtained by the
addition is too small whereas when the concentration of water
and hydrogen is 10% or more, there is the case where the
resistance of the formed transparent conductive layer is too
large.

[0062] The addition of the above metal oxide enables the
crystallization of the transparent conductive layer on the sub-
strate simply by heating the temperature of the substrate to
200° C. or higher after the above formed transparent conduc-
tive layer is etched. The crystallization temperature is prefer-
ably 220° C. or higher and more preferably 230° C. or higher.
[0063] If the transparent conductive layer is crystallized,
the damages to the transparent conductive layer caused by an
etchant constituted of phosphoric acid, acetic acid and nitric
acid, which etchant is usually used for a metal reflecting layer
can be avoided. Also, the addition of the lanthanoid-based
metal oxide makes it possible to suppress a cell reaction.
[0064] The film thickness of the transparent conductive
layer is preferably 20 to 500 nm, more preferably 30 to 300
nm and still more preferably 30 to 200 nm. When the film
thickness of the transparent conductive layer is less than 20
nm, there is the case where the surface resistance of the
transparent conductive layer is raised whereas the film thick-
ness of the transparent conductive layer exceeds 500 nm,
there is the case where the problems arise concerning a reduc-
tion in transmittance and processing accuracy.

[0065] The reflectance of the metal reflecting layer is pref-
erably 80% or more. The reflectance according to the inven-
tion is measured using a graph in which the ordinate (Y axis)
is the reflectance and the abscissa (X axis) is the wavelength.
This reflectance is defined as a value obtained by expressing
the proportion of the area calculated by actual data of the
metal reflecting layer (or metal layer) as % based on the area
obtained when the reflectance at each wavelength is set to
100% in a measurable wavelength range of 400 to 700 nm in
the graph.

[0066] Here, the aforementioned area means the area
enclosed by the X axis and the reflectance spectrums in the
wavelength range of 400 to 700 nm in the above graph. It is
needless to say that this area is equal to the value obtained by
integrating the reflectance spectrum with respect to the wave-
length of 400 to 700 nm.

[0067] The film thickness of the metal reflecting layer is
preferably 10 to 1000 nm, more preferably 30 to 300 nm and
still more preferably 50 to 200 nm. When the film thickness of
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the metal reflecting layer is less than 10 nm, there is the case
where the reflectance is 80% or more, whereas the film thick-
ness exceeds 1000 nm, there is the case where a problem
arises concerning processing accuracy.

[0068] Also, the transparent conductive layer is provided
with the ability of almost transmitting light, whereas the
metal reflecting layer has the ability of almost reflecting light.
When the transparent conductive layer having such a function
and the above metal reflecting layer connected electrically
with the transparent conductive layer are provided at the same
time, a semi-transmitting and semi-reflecting electrode sub-
strate is obtained.

[0069] (11) Also, the invention relates to a semi-transmit-
ting and semi-reflecting electrode substrate according to the
above (10), wherein the value of [In]/[All metals] that is a
composition ratio of In in the above transparent conductive
layer containing indium oxide as its major component and
further one or two or more oxides selected from lanthanoid-
based metal oxides is 0.8 to 0.99.

[0070] As to the composition ratio of indium oxide in the
transparent conductive layer, the composition ratio of In
(hereinafter, simply referred to as weight ratio in some cases)
is as follows: [In]/[All metals]=0.8 to 0.99 as weight ratio.
When the composition ratio of In is less than 0.8, there is the
case where the resistance of the transparent conductive layer
is increased and the transparent conductive layer is not crys-
tallized even if the substrate on which the transparent con-
ductive layer has been formed is heated to 200° C. or higher.
Also, when the composition ratio of In exceeds 0.99, there is
the case where the transparent conductive layer is crystallized
when the transparent conductive layer is formed and carnnot
be etched by an etchant containing oxalic acid and residues
are generated in a large amount. This is the reason why the
composition ratio [In]/[All metals]=0.85 to 0.99. Here, [In]
represents the weight of indium oxide per unit volume and
[All metals] represents the weight of all metal oxides per unit
volume in the transparent conductive layer.

[0071] Snand Zn may be added as third atoms in the above
transparent conductive layer. Here, the first atom is an indium
atom in indium oxide and the second atom is a lanthanoid-
based metal atom in one or two or more of oxides selected
from lanthanoid-based metal oxides.

[0072] When Sn is added, the composition ratio of Sn,
namely, [Sn]/[All metals]<0.2 and more preferably [Sn]/[All
metals]<0.1 as weight ratio. When [Sn]/[All metals] in the
transparent conductive layer is 0.2 or more, there is the case
where residues are generated during etching. Here, [Sn] rep-
resents the weight of tin oxide per unit volume in the trans-
parent conductive layer.

[0073] When Zn is added, the composition ratio of Zn,
namely, [ Zn]/[ All metals]<0.1 and more preferably [Zn]/[All
metals]<0.05 as weight ratio. When [Zn]/[All metals] in the
transparent conductive layer is 0.1 or more, there is the case
where a mixture acid containing phosphoric acid, acetic acid
and nitric acid gives damages to the transparent conductive
layer when the metal reflecting layer is etched using the
mixture acid. Here, [Zn] represents the weight of zinc oxide
per unit volume in the transparent conductive layer.

[0074] (12) Also, the invention relates to a semi-transmit-
ting and semi-reflecting electrode substrate according to the
above (10) or (11), wherein the above metal reflecting layer
has a layer containing Al or Ag as its major components.
[0075] Besides Al and Ag as the first metals contained as
major components, lanthanoid-based metals such as Nd and
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heavy metals such as Co, Ni, Pd, Au, Zr, Pt and Cu may be
preferably added in the layer (layer containing Al or Ag as its
major components) included in the above metal reflecting
layer.

[0076] Itistobe noted that the descriptions “layer contain-
ing Al or Ag as its major components” means a layer contain-
ing Al or Ag as its major components, and means a layer
containing Al or Ag in a ratio of 50% or more in terms of
weight composition ratio, volumetric ratio or atomic number
ratio.

[0077] The content of these lanthanoid-based metals and
heavy metals to be added is preferably 0.1 to 5 wt %, more
preferably 0.5 to 3 wt % and still more preferably 0.5 to 2 wt
%. When the content of the lanthanoid-based metals and
heavy metals is less than 0.1 wt %, there is the case where no
effect is obtained by the addition of the these metals whereas
when the content of the lanthanoid metals and heavy metals is
5wt % or more, there is the case where the reflectance of the
metal reflecting layer is reduced.

[0078] (13) A semi-transmitting and semi-reflecting elec-
trode substrate according to any one of the above (10) to (12),
wherein the above lanthanoid-based metal oxide is lantha-
num oxide, cerium oxide, samarium oxide, gadolinium oxide,
dysprosium oxide, erbium oxide or holmium oxide.

[0079] (14) A second semi-transmitting and semi-reflect-
ing electrode substrate according to the invention comprises a
transparent substrate, a transparent conductive layer which is
disposed on the above transparent substrate and contains
indium oxide as its major component and further one or two
or more oxides selected from lanthanoid oxides, a TFT ele-
ment disposed on the above transparent substrate and a metal
layer which is disposed on the above transparent substrate and
connects the above transparent conductive layer electrically
with the above TFT element, wherein the above metal layer
has a reflectance of 80% or more.

[0080] The above TFT element is a Thin Film Transistor
(thin film transistor). When the lanthanoid-based metal oxide
is added, it is ensured that after the transparent conductive
layer is formed, the formed transparent conductive layer can
be etched using an etchant containing oxalic acid. The sub-
strate temperature when the film is formed is preferably R.T.
(room temperature) to 200° C. or higher and more preferably
80° C. to 180° C. The reason why the substrate temperature
when the film is formed is designed to be in the above range
is that it is necessary to cool for controlling the substrate
temperature to room temperature or less, leading to a loss of
energy, whereas when the substrate temperature is designed
to be 200° C. or higher, there is the case where the etching
using the etchant containing oxalic acid cannot be carried out
because of, for example, crystallization of the transparent
conductive layer.

[0081] Also, water and hydrogen may be added in the atmo-
spheric gas during the course of film formation. This makes it
easy to etch the formed transparent conductive layer by using
an etchant containing oxalic acid and residues can be more
reduced. The concentration of water and hydrogen in the
atmospheric gas is preferably 0.1 to 10%. When the concen-
tration of water and hydrogen is less than 0.1%, there is the
case where the effect obtained by the addition is too small
whereas when the concentration of water and hydrogen is
10% or more, there is the case where the resistance of the
formed transparent conductive layer is too large.

[0082] The addition of the above metal oxide enables the
crystallization of the transparent conductive layer on the sub-
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strate simply by heating the temperature of the substrate to
200° C. after the above formed transparent conductive layer is
etched. The crystallization temperature is preferably 220° C.
or higher and more preferably 230° C. or higher. If the trans-
parent conductive layer is crystallized, the damages to the
transparent conductive layer caused by an etchant constituted
of phosphoric acid, acetic acid and nitric acid, which etchant
is usually used for a metal reflecting layer can be avoided.

[0083] The film thickness of the transparent conductive
layer is preferably 20 to 500 nm, more preferably 30 to 300
nm and still more preferably 30 to 200 nm. When the film
thickness of the transparent conductive layer is less than 20
nm, there is the case where the surface resistance of the
transparent conductive layer is raised whereas the film thick-
ness of the transparent conductive layer exceeds 500 nm,
there is the case where the problems arise concerning a reduc-
tion in transmittance and processing accuracy.

[0084] The film thickness of the metal reflecting layer is
preferably 10 to 1000 nm, more preferably 30 to 300 nm and
still more preferably 50to 200 nm. When the film thickness of
the metal reflecting layer is less than 10 nm, there is the case
where the reflectance is 80% or more, whereas the film thick-
ness exceeds 1000 nm, there is the case where a problem
arises concerning processing accuracy.

[0085] Also, the transparent conductive layer is provided
with the ability of almost transmitting light, whereas the
metal layer has the ability of almostreflecting light. When the
transparent conductive layer is electrically connected with the
TFT element through the metal layer, the transparent conduc-
tive layer and the metal layer function as the electrodes to be
used in a liquid crystal display device. Also, because the
reflectance of the metal layer is 80% or more, the metal layer
functions as a reflector electrode resultantly. The metal layer
that functions as a reflector electrode and the transparent
conductive layer are provided at the same time in this manner
to obtain a semi-transmitting and semi-reflecting electrode
substrate to be intended.

[0086] (15) Also, the invention relates to a semi-transmit-
ting and semi-reflecting electrode substrate according to the
above (14), wherein the value of [In]/[All metals] that is a
composition ratio of In in the above transparent conductive
layer containing indium oxide as its major component and
further one or two or more oxides selected from lanthanoid-
based metal oxides is 0.8 to 0.99.

[0087] As to the composition of the transparent conductive
layer, the composition ratio of In is as follows: [In]/[All
metals]=0.8 to 0.99 as weight ratio. When the composition
ratio of In is less than 0.8, there is the case where the resis-
tance of the transparent conductive layer is increased and the
transparent conductive layer is not crystallized even if the
substrate on which the transparent conductive layer has been
formed is heated to 200° C. or higher. Also, when the com-
position ratio of indium oxide exceeds 0.99, there is the case
where the transparent conductive layer is crystallized when
the transparent conductive layer is formed and cannot be
etched by an etchant containing oxalic acid and residues are
generated in a large amount. This is the reason why the
composition ratio [In]/[All metals]=0.8 to 0.99.

[0088] Snand Zn may be added as third atoms in the above
transparent conductive layer. Here, the first atom is an indium
atom in indium oxide and the second atom is a lanthanoid-
based metal atom in one or two or more oxides selected from
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the lanthanoid-based metal oxides. “Third atom” means an
atom after these first and second atoms and means, in short,
other atom.

[0089] When Sn is added, the composition ratio of Sn,
namely, [Sn]/[ All metals]<0.2 and more preferably [Sn]/[All
metals]<0.1 as weight ratio. When [Sn]/[All metals] in the
transparent conductive layer is 0.2 or more, there is the case
where residues are generated during etching.

[0090] When Zn is added, the composition ratio of Zn,
namely, [Zn]/[All metals]<0.1 and more preferably [Zn]/[All
metals]<0.05 as weight ratio. When [Zn]/[All metals] in the
transparent conductive layer is 0.1 or more, there is the case
where a mixture acid containing phosphoric acid, acetic acid
and nitric acid gives damages to the transparent conductive
layer when the metal reflecting layer is etched using the
mixture acid.

[0091] (16) Also, the invention relates to a semi-transmit-
ting and semi-reflecting electrode substrate according to the
above (14) or (15), wherein the above metal layer having a
reflectance of 80% or more has a layer containing Al or Ag as
major components.

[0092] If the reflectance of the metal layer is not 80% or
more, the reflectance for extraneous light is decreased and
there is therefore the case where an image on a liquid crystal
display is scarcely seen.

[0093] As thelayer (layer containing Al and Ag as its major
components) included in the metal layer, besides Al and Ag,
the second metals are also preferably added. As the second
metal, lanthanoid-based metals such as Nd and heavy metals
such as Co, Ni, Pd, Au, Zr, Pt and Cu may be added.

[0094] The content of these lanthanoid-based metals and
heavy metals to be added is preferably 0.1 to 5 wt %, more
preferably 0.5 to 3 wt % and still more preferably 0.5 to 2 wt
%. When the content of the lanthanoid metals and heavy
metals is less than 0.1 wt %, there is the case where no effect
is obtained by the addition of the these metals whereas when
the content of the lanthanoid metals and heavy metals is 5 wt
% or more, there is the case where the reflectance of the metal
reflecting layer is reduced.

[0095] (17) Also, the invention relates to a semi-transmit-
ting and semi-reflecting electrode substrate according to any
one of the above (14) to (16), wherein the above lanthanoid-
based metal oxide is lanthanum oxide, cerium oxide,
samarium oxide, gadolinium oxide, dysprosium oxide,
erbium oxide or holmium oxide.

[0096] (18) Also, the invention relates to a method of pro-
ducing the semi-transmitting and semi-reflecting electrode
substrate according to any one of the above (10) to (13), the
method comprising a step of etching the above transparent
conductive layer which contains indium oxide as its major
component and further one or two or more oxides selected
from lanthanoid-based metal oxides and is disposed on the
above transparent substrate, by an etchant containing oxalic
acid and a step of etching the metal layer connected electri-
cally with the above transparent electrode layer by a mixture
acid containing phosphoric acid, acetic acid and nitric acid to
form the above metal reflecting layer.

[0097] The concentration of oxalic acid in the etchant con-
taining oxalic acid is preferably 1 to 10 wt % and more
preferably 1 to 5 wt %. This is because when the concentra-
tion of oxalic acid is less than 1 wt %, there is the case where
the etching rate of the transparent conductive layer is lowered,
whereas when the concentration of oxalic acid exceeds 10 wt
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%, there is the case crystals of oxalic acid precipitate in the
etchant solution containing oxalic acid.

[0098] Each concentration of phosphoric acid, acetic acid
and nitric acid in the mixture acid used for etching the metal
layer may be properly selected. However, the concentration
of phosphoric acid is preferably 40 to 95 wt %, the concen-
tration of acetic acid is preferably 5 to 60 wt % and the
concentration of nitric acid is preferably 0.5 to 5 wt %. This
mixture acid may be diluted with water as required.

[0099] Itis preferable to heat the substrate formed with the
transparent conductive layer to 200° C. or higher, preferably
220° C. or higher and more preferably 230° C. or higher,
thereby crystallizing the transparent conductive layer before
or after the metal layer is formed. If the transparent conduc-
tive layer has been crystallized, a damage to the transparent
conductive layer can be decreased when the metal layer is
etched by a mixture acid containing a phosphoric acid, acetic
acid and nitric acid.

[0100] (19) Also, the invention relates to a method of pro-
ducing the semi-transmitting and semi-reflecting electrode
substrate according to any one of the above (14) to (17), the
method comprising a step of etching the above transparent
conductive layer which contains indium oxide as its major
component and further containing one or two or more oxides
selected from lanthanoid-based metal oxides and is disposed
on the above transparent substrate, by an etchant containing
oxalic acid and a step of etching the metal layer which con-
nects the above transparent electrode layer electrically with a
TFT element and has a reflectance of 80% or more, by a
mixture acid containing phosphoric acid, acetic acid and
nitric acid to form the above metal reflecting layer.

[0101] When the transparent conductive layer is electri-
cally connected with the TFT element by the metal layer, the
transparent conductive layer and the metal layer can function
as a TFT driving system liquid crystal driving electrodes.
Also, as mentioned above, the transparent conductive layer is
provided with the ability of almost transmitting light, whereas
the metal layer has the ability of almost reflecting light. When
the metal layer functions as a reflector electrode, a semi-
transmitting and semi-reflecting electrode substrate is
obtained.

[0102] (20) Also, the invention relates to a method of pro-
ducing asemi-transmitting and semi-reflecting electrode sub-
strate according to the above (18) or (19), wherein the above
lanthanoid-based metal oxide is lanthanum oxide, cerium
oxide, samarium oxide, gadolinium oxide, dysprosium oxide,
erbium oxide or holmium oxide.

[0103] (21) Also, the invention relates to a liquid crystal
display comprising the semi-transmitting and semi-reflecting
electrode substrate according to any one of the above (10) to
(17) and a liquid crystal layer driven by the above semi-
transmitting and semi-reflecting electrode substrate.

[0104] Since the liquid crystal display device is provided
with the semi-transmitting and semi-reflecting electrode sub-
strate according to any one of the above (10) to (17), it has a
function as a reflecting type liquid crystal display device and
a function as a transparent type liquid crystal display device at
the same time.

EFFECT OF THE INVENTION

[0105] As mentioned above, the semi-transmitting and
semi-reflecting electrode substrate almost prevents residues
from being generated when the transparent conductive layer
is etched using a weak acid (for example, organic acids,
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especially, oxalic acid) and is provided with a transparent
conductive layer resistant to an etchant (mixture acid) used
for the metal reflecting layer (metal layer) when the metal
reflecting layer (metal layer) above the transparent conduc-
tive layer is etched. The semi-transmitting and semi-reflect-
ing electrode substrate of the invention is therefore superior in
processability.

[0106] Also, the method of producing a semi-transmitting
and semi-reflecting electrode substrate according to the
invention enables the provision of a semi-transmitting and
semi-reflecting electrode substrate which almost prevents
residues from being generated when the transparent conduc-
tive layer is etched using a weak acid (for example, organic
acids, especially, oxalic acid) and is provided with a transpat-
ent conductive layer resistant to an etchant (mixture acid)
used for the metal reflecting layer (metal layer) when the
metal reflecting layer (metal layer) above the transparent
conductive layer is etched. Therefore, this method improves
the yield in the process of producing this semi-transmitting
and semi-reflecting electrode substrate.

[0107] Also, the liquid crystal display device of the present
invention is provided with the above semi-transmitting and
semi-reflecting electrode substrate, thereby improving pro-
duction efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0108] FIG. 1 is a partial sectional view of an a-SiTFT
active matrix substrate in this embodiment.

EXPLANATIONS OF THE SYMBOLS

[0109] 1. Glass substrate

[0110] 2. Gate electrode

[0111] 3. Gate insulation film

[0112] 4. a-Si:H() film

[0113] 5. Channel protective film
[0114] 6. a-Si:H(n) film

[0115] 7. Drain electrode

[0116] 8. Source electrode

[0117] 9. Transparent conductive film
[0118] 10. Transparent resin resist
[0119] 10a. Through-hole

[0120] 11. Reflector electrode

[0121] 12. Gate electrode wiring
[0122] 100. o-SiTFT active matrix substrate

PREFERRED EMBODIMENTS OF THE
INVENTION

[0123] Preferred embodiments of the invention will be
explained with reference to the drawings. The embodiments
are divided into an A-group and a B-group. The A-group is
embodiments of the first invention group and the B-group is
embodiments are embodiments of the second invention

group.
[0124] A-Group

Embodiment A-1
[0125] FIG. 1 shows a partial sectional view of an a-SiTFT

(amorphous silicon thin-film transistor) active matrix sub-
strate 100 in this embodiment A-1. Metal Al was deposited on
atransmittable glass substrate 1 by high-frequency sputtering
such that it had an film thickness of 1500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. This glass substrate 1 corre-
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sponds to one example of the transparent substrate as
described in the claims of this patent application.

[0126] Next, the above deposited metal Al and metal Mo
were etched into the form shown in FIG. 1 according to a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 12/6/1/1)-based aqueous
solution as an etching solution to form a gate electrode 2 and
a gate electrode wiring 12.

[0127] Then, a silicon nitride film (hereinafter, referred to
asa SiN film in some cases), which was to be a gate insulating
film 3, was deposited by a glow discharge CVD method on the
above glass substrate 1, the above gate electrode 2 and the
above gate electrode wiring 12 such that it had a film thick-
ness of 3000 angstroms. In succession, an o-Si:H(i) film 4
was deposited on the gate insulating film 3 such that it had a
film thickness of 3500 angstroms. Moreover, a silicon nitride
film (SiN film) which was to be a channel protective layer 5
was deposited on the above a-Si:H(i) film 4 such that it had a
film thickness of 3000 angstroms.

[0128] At this time, as the discharge gas, SiH,—NH;—N,-
based mixture gas was used for the gate insulating film 3 and
channel protective layer 5 which were formed of a SiN film
whereas SiH,-N,-based mixture gas was used for the o.-Si:H
(1) film 4. Also, the channel protective layer 5 made of a SiN
film was etched into the form shown in FIG. 1 by dry etching
using CHF-based gas.

[0129] Insuccession, an a-Si:H(n) film 6 was deposited on
the above ¢-Si:H(i) film 4 and the above channel protective
layer 5 by using SiH,-H,-PH;-based mixture gas such that it
had a film thickness of 3000 angstroms.

[0130] A three-layer film of metal Mo/metal Al/metal Mo
was further deposited in this order on the deposited a-Si:H(n)
by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05 pm, the film thickness of the
metal Al was 0.2 um and the film thickness of the upper layer
metal Mo was 0.05 um.

[0131] This metal Mo/Metal Al/metal Mo three-layer film
was etched into the form shown in FIG. 1 by a photoetching
method using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based aqueous solution to form a
pattern of a drain electrode 7 and a pattern of source electrode
8. Moreover, dry etching using CHF-based gas and wet etch-
ing using a hydrazine (NH,NH,.H,0)-based aqueous solu-
tion were combined to etch the at-Si:H(i) film 4 and o-Si:H(n)
film 6 formed of an ¢-Si:H film, thereby forming a pattern of
a-Si:H() film 4 and a pattern of the a-Si:H(n) film 6 having
the forms shown in FIG. 1. Also, as shown in FIG. 1, a
transparent resin resist 10 was used to form a protective film,
thereby forming a pattern of a through-hole 104 and the like.

[0132] Transparent Conductive Film Containing Tungsten
Oxide
[0133] An amorphous transparent conductive film 9 con-

taining indium oxide as its major component and tungsten
oxide was deposited on this gate insulating film 3 by a sput-
tering method. The target used in this sputtering method was
an In,0,—WO; sintered body that was adjusted such that
[In)/([Tn]+[W]) showing the atomic ratio of In to W in the
target became 0.97. Here, [In] represents the number of
indium atoms per unit volume and [ W] represents the number
of tungsten atoms per unit volume.

[0134] In the sputtering, this In,0,—WO; sintered body
was placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the film
thickness was 1000 angstroms. At this time, as the discharge
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gas in the sputtering, pure argon gas or argon gas mixed with
0, gas contained in a trace amount of the order of about 1 vol
% was used. This transparent conductive film 9 corresponds
to one example of the transparent conductive layer as
described in the claim of the patent application.

[0135] As to the form of tungsten in the target, tungsten
may be dispersed in the form of tungsten oxide such as WO,
or WO, or in the form of a complex oxide between indium
oxide and tungsten oxide such as In,W,0,, in the indium
oxide sintered body. A preferable form of tungsten is as
follows: tungsten is substituted for the indium site of indium
oxide whereby it is dispersed as a solid solution at an atomic
level in the indium oxide sintered body. It is rather effective
that tungsten is dispersed at an atomic level in the indium
oxide sintered body in this manner to stabilize the discharging
in sputtering, thereby obtaining the transparent conductive
film 9 having a low resistance.

[0136] The transparent conductive film 9 which was an
InO,—WO, film formed by the above sputtering was ana-
lyzed by an X-ray diffraction method, to find that no peak was
observed, showing this film to be amorphous. It was also
found that the specific resistance of the transparent conduc-
tive film 9 that was the In,O,—WO, film was about 3.8x10™*
Q-cm and was therefore a film used satisfactorily as an elec-
trode.

[0137] This transparent conductive film 9, which was the
In203-WO3 film, was etched by a photoetching method
using an 3.2 wt % aqueous oxalic acid solution as an etchant
s0 as to form a pattern of a transmitting pixel electrode. A
pattern of a transmitting pixel electrode made of an amor-
phous electrode of the transparent conductive film 9 shown in
FIG. 1 was formed. It is to be noted that this 3.2 wt % aqueous
oxalic acid solution corresponds to one example of the
etchant containing oxalic acid as described in the claims of
the patent application.

[0138] Then, the substrate formed with the above transpar-
ent conductive film 9 was heat-treated at 250° C. for 30
minutes. After that, metal Co was deposited on a transparent
resin resist 10 by high-frequency sputtering such that it had an
film thickness of 500 angstroms and metal Al was deposited
on the metal Mo such that it had a film thickness of 2000
angstroms. The reflectance of the layer comprising metal Mo
and metal Al was measured to find that the reflectance was
80% or more. This layer comprising metal Mo and metal Al
corresponds to one example of the metal layer as described in
the claims of this patent application.

[0139] The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 9:6:1:2)-based aqueous
solution as an etching solution to form a pattern of a reflector
electrode 11 as shown in FIG. 1. At this time, the reflector
electrode 11 comprising metal Mo and metal Al was patterned
such that the pattern of the source electrode 8 was electrically
in contact with the pattern of the transmitting pixel electrode
comprising the transparent conductive film 9 as shown in
FIG. 1. At this time, the drain electrode 7 and source electrode
8 that contained metal Al were not eluted by the etching
solution. The reflectance of this reflector electrode 11 was
measured to find that it was 80% or more.

[0140] This reflector electrode 11 corresponds to one
example of the metal reflecting layer as described in the
claims of the patent application and the phosphoric acid/
acetic acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-
based aqueous solution as an etching solution corresponds to
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one example of the mixture acid of phosphoric acid/acetic
acid/nitric acid as described in the claims of the patent appli-
cation.

[0141] After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce an
a-SiTFT active matrix substrate 100 as shown in FIG. 1. A
liquid crystal layer was formed on this a-SiTFT active matrix
substrate 100 to thereby produce a TFT-LCD system flat
display. This a-SiTFT active matrix substrate 100 corre-
sponds to one example of the semi-transmitting and semi-
reflecting electrode substrate as described in the claims of the
patent application and the TFT-LCD system flat display cor-
responds to one example of the liquid crystal display device
as described in the claims of the patent application.

Embodiment A-2

[0142] An o-SiTFT active matrix substrate 100 in this
embodiment A-2 has the same structure as that shown in FIG.
1 except only that the composition of the transparent conduc-
tive film 9 of the a-SiTFT active matrix substrate 100 in this
embodiment A-2 is different from that of the above embodi-
ment A-1. Therefore, the a-SiTFT active matrix substrate 100
of this embodiment A-2 will be explained also with reference
to FIG. 1.

[0143] As shown in FIG. 1, metal Al was deposited on a
transmittable glass substrate 1 by high-frequency sputtering
such that it had an film thickness of 1 500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. Next, the above deposited metal
Al and metal Mo were etched into the form shown in FIG. 1
according to a photoetching method using a phosphoric acid/
acetic acid/nitric acid/water (volumetric ratio: 12:6:1:1)-
based aqueous solution as an etching solution to form a gate
electrode 2 and a gate electrode wiring 12. This glass sub-
strate 1 corresponds to one example of the transparent sub-
strate as described in the claims of this patent application.
[0144] Then, a silicon nitride film (hereinafter, referred to
asa SiN film in some cases), which was to be a gate insulating
film 3, was formed on the above glass substrate 1, the above
gate electrode 2 and the above gate electrode wiring 12 by a
glow discharge CVD method such that it had a film thickness
of 3000 angstroms. In succession, an a-Si:H(i) film 4 was
deposited on the gate insulating film 3 such that it had a film
thickness of 3500 angstroms. Moreover, a silicon nitride film
(SiN film) which was to be a channel protective layer 5 was
deposited on the above c.-Si:H(i) film 4 such that it had a film
thickness of 3000 angstroms.

[0145] At this time, as the discharge gas, SiH,—NH,—N,,-
based mixture gas was used for the gate insulating film 3 and
channel protective layer 5 which were formed of a SiN film
whereas SiH,-N,-based mixture gas was used for the a.-Si:H
(1) film 4. Also, the channel protective layer 5 made of a SiN
film was etched into the form shown in FIG. 1 by dry etching
using CHF-based gas.

[0146] Insuccession, an a-Si:H(n) film 6 was deposited on
the above a-Si:H(i) film 4 and the above channel protective
layer 5 by using SiH,—H,—PH,-based mixture gas such that
it had a film thickness of 3000 angstroms.

[0147] A three-layer film of metal Mo/metal Al/metal Mo
was further deposited in this order on the deposited c-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05 pm, the film thickness of the
metal Al was 0.2 pm and the film thickness of the upper layer
metal Mo was 0.05 um.
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[0148] This metal Mo/Metal Al/metal Mo three-layer film
was etched into the form shown in FIG. 1 by a photoetching
method using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based aqueous solution to form a
pattern of a drain electrode 7 and a pattern of source electrode
8. Moreover, dry etching using CHF-based gas and wet etch-
ing using a hydrazine (NH,NH,.H,0)-based aqueous solu-
tion were combined to etch the ct-Si:H(3) film 4 and o-Si:H(n)
film 6 formed of an a-Si:H film, thereby forming a pattern of
o-S1:H(1) film 4 and a pattern of the a-Si:H(n) film 6 having
the forms shown in FIG. 1. Also, as shown in FIG. 1, a
transparent resin resist 10 was used to form a protective film,
thereby forming a pattern of a through-hole and the like.

[0149] Transparent Conductive Film Containing Molybde-
num Oxide
[0150] An amorphous transparent conductive film 9 con-

taining indium oxide as its major component and molybde-
num oxide was deposited on this gate insulating film 3 by a
sputtering method. The target used in this sputtering method
was an In,0,—MoQ; sintered body that was adjusted such
that [In]/([In]+[Mo]) showing the atomic ratio of In to Mo in
the target became 0.90. Here, [In] represents the number of
indium atoms per unit volume and [Mo] represents the num-
ber of molybdenum atoms per unit volume.

[0151] In the sputtering, this In,0,—MoQj sintered body
was placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the film
thickness was 1000 angstroms. At this time, as the discharge
gas in the sputtering, pure argon gas or argon gas mixed with
O, gas contained in a trace amount of the order of about 1 vol
% was used. This transparent conductive film 9 corresponds
to one example of the transparent conductive layer as
described in the claim of the patent application.

[0152] As to the form of the molybdenum element in the
target, it may be dispersed in the form of molybdenum oxide
such as MoO, or MoO,. However, the molybdenum element
may be used in the form of a complex oxide between indium
oxide and molybdenum oxide such as InMo,O, In,Mo,0,,
or In;; Mo, Oy, in the indium oxide sintered body. A prefer-
able form of molybdenum is as follows: a molybdenum atom
is substituted for the indium site of indium oxide whereby it is
dispersed as a solid solution at an atomic level in the indium
oxide crystals. It is rather effective that molybdenum is dis-
persed at an atomic level in the indium oxide sintered body in
this manner to stabilize the discharging in sputtering, thereby
obtaining the transparent conductive film 9 having a low
resistance.

[0153] The transparent conductive film 9 which was an
In,0;—MoO; film formed by the above sputtering was ana-
lyzed by an X-ray diffraction method, to find that no peak was
observed, showing this film to be amorphous. It was also
found that the specific resistance of the transparent conduc-
tive film 9 that was the In,0,—MoO; film was about 3.4x
10~* Q-cm and was therefore a film used satisfactorily as an
electrode.

[0154] This transparent conductive film 9, which was the
In203-MoO3 film, was etched by a photoetching method
using an 3.2 wt % aqueous oxalic acid solution as an etchant
so as to form a pattern of a transmitting pixel electrode. A
pattern of a transmitting pixel electrode made of an amor-
phous electrode of the transparent conductive film 9 shown in
FIG. 1 was formed. It is to be noted that this 3.2 wt % aqueous

Oct. 2, 2008

oxalic acid solution corresponds to one example of the
etchant containing oxalic acid as described in the claims of
the patent application.

[0155] Then, the substrate formed with the above transpar-
ent conductive film 9 was heat-treated at 250° C. for 30
minutes. After that, metal Co was deposited on the substrate
by high-frequency sputtering such that it had an film thick-
ness of 500 angstroms and metal Al was deposited on the
metal Mo such that it had a film thickness of 2000 angstroms.
The reflectance of the layer comprising metal Mo and metal
Al was measured to find that the reflectance was 80% ormore.
This layer comprising metal Mo and metal Al corresponds to
one example of the metal layer as described in the claims of
this patent application.

[0156] The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 9:6:1:2)-based aqueous
solution as an etching solution to form a pattern of a reflector
electrode 11 as shown in FIG. 1. At this time, the reflector
electrode 11 was patterned such that the pattern of the source
electrode 8 was electrically in contact with the pattern of the
transmitting pixel electrode comprising the transparent con-
ductive film 9 as shown in FIG. 1. At this time, the drain
electrode 7 and source electrode 8 that contained metal Al
were neither burned out nor narrowed. The reflectance of this
reflector electrode 11 was measured to find that it was 80% or
more.

[0157] This reflector electrode 11 corresponds to one
example of the metal reflecting layer as described in the
claims of the patent application and the phosphoric acid/
acetic acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-
based aqueous solution as an etching solution corresponds to
one example of the mixture acid of phosphoric acid/acetic
acid/oxalic acid as described in the claims of the patent appli-
cation.

[0158] After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce an
a-SiTFT active matrix substrate 100 as shown in FIG. 1. A
liquid crystal layer was formed on this a-SiTFT active matrix
substrate 100 to thereby produce a TFT-LCD system flat
display. This a-SiTFT active matrix substrate 100 corre-
sponds to one example of the semi-transmitting and semi-
reflecting electrode substrate as described in the claims of the
patent application and the TFT-LCD system flat display cor-
responds to one example of the liquid crystal display device
as described in the claims of the patent application.

Embodiment A-3

[0159] An o-SiTFT active matrix substrate 100 in this
embodiment A-3 has the same structure as that shown in FIG.
1 except only that the composition of the transparent conduc-
tive film 9 of the a-SiTFT active matrix substrate 100 in this
embodiment A-3 is different from that of the above embodi-
ment A-1. Therefore, the a-SiTFT active matrix substrate 100
of this embodiment A-3 will be explained also with reference
to FIG. 1.

[0160] As shown in FIG. 1, metal Al was deposited on a
transmittable glass substrate 1 by high-frequency sputtering
such that it had an film thickness of 1 500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. Next, the above deposited metal
Al and metal Mo were etched into the form shown in FIG. 1
according to a photoetching method using a phosphoric acid/
acetic acid/nitric acid/water (volumetric ratio: 12:6:1:1)-
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based aqueous solution as an etching solution to form a gate
electrode 2 and a gate electrode wiring 12. This glass sub-
strate 1 corresponds to one example of the transparent sub-
strate as described in the claims of this patent application.

[0161] Then, a silicon nitride film (hereinafter, referred to
as a SiN film in some cases), which was to be a gate insulating
film 3, was formed on the above glass substrate 1, the above
gate electrode 2 and the above gate electrode wiring 12 by a
glow discharge CVD method such that it had a film thickness
of 3000 angstroms. In succession, an ¢-Si:H(i) film 4 was
formed on the gate insulating film 3 such that it had a film
thickness of 3500 angstroms. Moreover, a silicon nitride film
(SiN film) which was to be a channel protective layer § was
formed on the above a-Si:H(i) film 4 such that it had a film
thickness of 3000 angstroms.

[0162] At thistime, as the discharge gas, SiH,—NH;—N,-
based mixture gas was used for the gate insulating film 3 and
channel protective layer 5 which were formed of a SiN film
whereas SiH,—N,-based mixture gas was used for the o.-Si:
H() film 4. Also, the channel protective layer 5 formed of a
SiN film was etched into the form shown in FIG. 1 by dry
etching using CHF-based gas.

[0163] Insuccession, an a-Si:H(n) film 6 was deposited on
the above ¢-Si:H(i) film 4 and the above channel protective
layer 5 by using SiH,—H,—PH,-based mixture gas such that
it had a film thickness of 3000 angstroms.

[0164] A three-layer film of metal Mo/metal Al/metal Mo
was further deposited in this order on the deposited c-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.051 pm, the film thickness of the
metal Al was 0.2 um and the film thickness of the upper layer
metal Mo was 0.05 pm.

[0165] This metal Mo/Metal Al/metal Mo three-layer film
was etched into the form shown in FIG. 1 by a photoetching
method using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based aqueous solution to form a
pattern of a drain electrode 7 and a pattern of source electrode
8. Moreover, dry etching using CHF-based gas and wet etch-
ing using a hydrazine (NH,NH,.H,0)-based aqueous solu-
tion were combined to etch the o-Si:H(1) film 4 and o-Si:H(n)
film 6 formed of an a-Si:H film, thereby forming a pattern of
a-Si:H(1) film 4 and a pattern of the a-Si:H(n) film 6 having
the forms shown in FIG. 1.

[0166] Transparent Conductive Film Containing Niobium
Oxide
[0167] An amorphous transparent conductive film 9 con-

taining indium oxide as its major component and niobium
oxide was deposited on this gate insulating film 3 by a sput-
tering method. The target used in this sputtering method was
an In,O;—Nb,O; sintered body that was adjusted such that
[In)/([In]+[Nb]) showing the atomic ratio of In to Nb in the
target became 0.95. Here, [In] represents the number of
indium atoms per unit volume and [Nb] represents the num-
ber of niobium atoms per unit volume.

[0168] In the sputtering, this In,O;—Nb,O; sintered body
was placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the film
thickness was 1000 angstroms. At this time, as the discharge
gas in the sputtering, pure argon gas or argon gas mixed with
O, gas contained in a trace amount of the order of about 1 vol
% was used. This transparent conductive film 9 corresponds
to one example of the transparent conductive layer as
described in the claim of the patent application.
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[0169] As to the form of the niobium element in the target,
it may be dispersed in the form of niobium oxide such as
NbOs or Nb,O,. However, the niobium element may be
dispersed in the form of a complex oxide between indium
oxide and niobium oxide such as InNbQ,, in the indium oxide
sintered body. A preferable form of niobium is as follows:
niobium is substituted for the indium site of indium oxide
whereby itis dispersed as a solid solution at an atomic level in
the indium oxide crystals. Itis rather effective that niobium is
dispersed at an atomic level in the indium oxide sintered body
in this manner to stabilize the discharging in sputtering,
thereby obtaining the transparent conductive film 9 having a
low resistance.

[0170] The transparent conductive film 9 which was an
In,0,—Nb,0s5 film formed by the above sputtering was ana-
lyzed by an X-ray diffraction method, to find that no peak was
observed, showing this film to be amorphous. It was also
found that the specific resistance of the transparent conduc-
tive film 9 that was the In,0,—Nb,O; film was about 3.6x
107* Q-cm and was therefore a film used satisfactorily as an
electrode.

[0171] This transparent conductive film 9, which was the
In203-Nb205 film, was etched by a photoetching method
using an 3.2 wt % aqueous oxalic acid solution as an etchant
so as to form a pattern of a transmitting pixel electrode. A
pattern of a transmitting pixel electrode made of an amor-
phous electrode of the transparent conductive film 9 shown in
FIG. 1 was formed. It is to be noted that this 3.2 wt % aqueous
oxalic acid solution corresponds to one example of the
etchant containing oxalic acid as described in the claims of
the patent application.

[0172] Then, the substrate formed with the above transpar-
ent conductive film 9 was heat-treated at 250° C. for 30
minutes. Then, a transparent resin resist 10 is formed into a
pattern shown in FIG. 1 onthe TFT element and in the vicinity
of the transmitting pixel electrode comprising the transparent
conductive film 9 such that it functions as a flattening laver for
controlling the liquid crystal film thickness of a layer insula-
tion film and a reflector electrode 11. Here, the TFT element
is a thin film transistor and is constituted of the gate electrode
2, the ¢-Si:H(i) film 4, the drain electrode 7 and the source
electrode 8 as shown in FIG. 1.

[0173] Metal Co was deposited on this transparent resin
resist 10 by high-frequency sputtering such thatit had an film
thickness of 500 angstroms and metal Al was deposited on the
metal Mo such that it had a film thickness of 2000 angstroms.
The reflectance of the layer comprising metal Mo and metal
Alwas measured to find that the reflectance was 80% ormore.
This layer comprising metal Mo and metal Al corresponds to
one example of the metal layer as described in the claims of
this patent application.

[0174] The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 9:6:1:2)-based aqueous
solution as an etching solution to form a pattern of a reflector
electrode 11 as shown in FIG. 1. At this time, the reflector
electrode 11 was patterned such that the pattern of the source
electrode 8 was electrically in contact with the pattern of the
transmitting pixel electrode comprising the transparent con-
ductive film 9 as shown in FIG. 1. At this time, the drain
electrode 7 and source electrode 8 that contained metal Al
were not eluted by the etching solution. The reflectance of this
reflector electrode 11 was measured to find that it was 80% or
more.
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[0175] This reflector electrode 11 corresponds to one
example of the metal reflecting layer as described in the
claims of the patent application and the phosphoric acid/
acetic acid/nitric acid/water (volumetric ratio: 9:6:1:2)-based
aqueous solution corresponds to one example of the mixture
acid constituted of phosphoric acid/acetic acid/nitric acid as
described in the claims of the patent application.

[0176] After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce an
o-SiTFT active matrix substrate 100 as shown in FIG. 1. A
liquid crystal layer was formed on this a-SiTFT active matrix
substrate 100 to thereby produce a TFT-LCD system flat
display. This a-SiTFT active matrix substrate 100 corre-
sponds to one example of the semi-transmitting and semi-
reflecting electrode substrate as described in the claims of the
patent application and the TFT-LCD system flat display cor-
responds to one example of the liquid crystal display device
as described in the claims of the patent application.

Modified embodiment A-1

[0177] In the above embodiments A-1 to A-3, examples in
which the reflector electrode 11 is constituted of a metal Mo
layer and a metal Al layer are shown. The reflector electrode
11 of this embodiment is preferably constituted of a metal Ag
layer in place of the metal Al layer. Specifically, the reflector
electrode 11 of this embodiment is preferably constituted of
metal Mo and metal Ag. In the case where the reflector elec-
trode 11 contains the metal Ag layer in place of a metal Al
layer in this manner, the reflector electrode 11 of this modified
embodiment 1 produces the same action effect as the reflector
electrode 11 of the above embodiments A-1 to A-3.

[0178] Also, in the above embodiments A-1 to A-3, an
example is shown in which the metal Al layer contained in the
reflector electrode 11 is constituted of pure Al (Al: 100%).
This metal Al layer preferably contains lanthanoid-based
metals such as Nd and heavy metals such as Co, Ni, Pd, Au,
Zr, Pt and Cu besides metal Al. The metal Ag layer also
preferably contains the aforementioned lanthanoid-based
metals and heavy metals. In this case, the reflector electrode
11 of this modified embodiment 1 also produces the same
action effect as each of the reflector electrodes II of the
embodiments 1 to 3.

Embodiments of a B-Group
Embodiment B-1

[0179] Thisembodiment B-1 also adopts the same structure
as the embodiments of the A-group mentioned above. There-
fore, this embodiment B-1 will be explained with reference to
FIG. 1 in the same manner as the examples explained above.
[0180] FIG. 1 shows a partial sectional view of an a-SiTFT
(amorphous silicon thin-film transistor) active matrix sub-
strate 100 in this embodiment B-1. Metal Al was deposited on
atransmittable glass substrate 1 by high-frequency sputtering
such that it had an film thickness of 1500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. This glass substrate 1 corre-
sponds to one example of the transparent substrate as
described in the claims of this patent application.

[0181] Next, the above deposited metal Al and metal Mo
were etched into the form shown in FIG. 1 according to a
photoetching method using a phosphoric acid/acetic acid/
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nitric acid/water (volumetric ratio: 12:6:1:1)-based aqueous
solution as an etching solution to form a gate electrode 2 and
a gate electrode wiring 12.

[0182] Then, a silicon nitride film (hereinafter, referred to
asa SiN film in some cases), which was to be a gate insulating
film 3, was deposited by a glow discharge CVD method onthe
above glass substrate 1, the above gate electrode 2 and the
above gate electrode wiring 12 such that it had a film thick-
ness of 3000 angstroms. In succession, an o-Si:H(i) film 4
was deposited on the gate insulating film 3 such that it had a
film thickness of 3500 angstroms. Moreover, a silicon nitride
film (SiN film) which was to be a channel protective layer 5
was deposited on the above a-Si:H(i) film 4 such that ithad a
film thickness of 3000 angstroms.

[0183] At this time, as the discharge gas, SiH,—NH;—N,,-
based mixture gas was used for the gate insulating film 3 and
channel protective layer 5 which were formed of a SiN film
whereas SiH,—N,-based mixture gas was used for the o-Si:
H() film 4. Also, the channel protective layer 5 made of a SIN
film was etched into the form shown in FIG. 1 by dry etching
using CHF-based gas.

[0184] Insuccession, an a-Si:H(n) film 6 was deposited on
the above a-Si:H(i) film 4 and the above channel protective
layer 5 by using SiH ,—H,—PH;-based mixture gas such that
it had a film thickness of 3000 angstroms.

[0185] A three-layer film of metal Mo/metal Al/metal Mo
was further deposited in this order on the deposited c-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05 pm, the film thickness of the
metal Al was 0.2 um and the film thickness of the upper layer
metal Mo was 0.05 pm.

[0186] This metal Mo/Metal Al/metal Mo three-layer film
was etched into the form shown in FIG. 1 by photoetching
using a phosphoric acid/acetic acid/nitric acid/water (volu-
metric ratio: 9:8:1:2)-based aqueous solution as an etching
solution to form a pattern of a drain electrode 7 and a pattern
of source electrode 8. Moreover, dry etching using CHEF-
based gas and wet etching using a hydrazine (NH,NH,.H,O)-
based aqueous solution were combined to etch the a-Si:H(i)
film 4 and a.-Si:H(n) film 6 formed of an a-Si:H film, thereby
forming a pattern of a-Si:H(i) film 4 and a pattern of the
a-Si:H(n) film 6 having the forms shown in FIG. 1. Also, as
shown in FIG. 1, atransparent resin resist 10 was used to form
a protective film, thereby forming a pattern of a through-hole
10q and the like.

[0187] Transparent Conductive Film Containing Dyspro-
sium Oxide
[0188] An amorphous transparent conductive film 9 con-

taining indium oxide as its major component and dysprosium
oxide was deposited on this gate insulating film 3 by a sput-
tering method. The target used in this sputtering method was
an In,0,—Dy,0; sintered body that was adjusted such that
[In,0,)/([1n,0,]+[Dy,0;]) showing the weight ratio of In O,
to Dy,0; in the target became 0.97. Here, [In,O;] represents
the weight of indium oxide per unit volume in the transparent
conductive film 9 and [Dy,05] represents the weight of dys-
prosium oxide per unit volume in the transparent conductive
film 9.

[0189] In the sputtering, this In,O;—Dy,O; sintered body
was placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the film
thickness was 1000 angstroms. At this time, as the discharge
gas in the sputtering, pure argon gas or argon gas mixed with
0, gas contained in a trace amount of the order of about 1 vol



US 2008/0239217 Al

% was used. This transparent conductive film 9 corresponds
to one example of the transparent conductive layer as
described in the claim of the patent application.

[0190] As to the form of dysprosium in the target, dyspro-
sium may be dispersed in the form of dysprosium oxide such
as Dy’O; or in the form of a complex oxide between indium
oxide and dysprosium oxide such as DyInOj in the indium
oxide sintered body. A preferable form of dysprosium is as
follows: a dysprosium atom is substituted for the indium site
of indium oxide whereby it is dispersed as a solid solution at
an atomic level in the indium oxide sintered body. It is rather
effective that dysprosium is dispersed at an atomic level in the
indium oxide sintered body in this manner to stabilize the
discharging in sputtering, thereby obtaining the transparent
conductive film 9 having a low resistance.

[0191] The transparent conductive film 9 which was an
In, O5—Dy,0; film formed by the above sputtering was ana-
lyzed by an X-ray diffraction method, to find that no peak was
observed, showing this film to be amorphous. It was also
found that the specific resistance of the transparent conduc-
tive film 9 that was the In,0,—Dy,0, film was about 5.2x
107 Q-cm and was therefore a film used satisfactorily as an
electrode.

[0192] This transparent conductive film 9, which was the
In203-Dy203 film, was etched by a photoetching method
using an 3.2 wt % aqueous oxalic acid solution as an etchant
so as to form a pattern of a transmitting pixel electrode. A
pattern of a transmitting pixel electrode made of an amor-
phous electrode of the transparent conductive film 9 shown in
FIG. 1 was formed. It is to be noted that this 3.2 wt % aqueous
oxalic acid solution corresponds to one example of the
etchant containing oxalic acid as described in the claims of
the patent application.

[0193] Then, the substrate formed with the above transpar-
ent conductive film 9 was heat-treated at 250° C. for 30
minutes. After that, metal Co was deposited on a transparent
resin resist 10 by high-frequency sputtering such thatithad an
film thickness of 500 angstroms and metal Al was deposited
on the metal Mo such that it had a film thickness of 2000
angstroms. The reflectance of the layer comprising metal Mo
and metal Al was measured to find that the reflectance was
80% or more. This layer comprising metal Mo and metal Al
corresponds to one example of the metal layer as described in
the claims of this patent application.

[0194] The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 9:6:1:2)-based aqueous
solution as an etching solution to form a pattern of a reflector
electrode 11 as shown in FIG. 1. At this time, the reflector
electrode 11 comprising metal Mo and metal Al was patterned
such that the pattern of the source electrode 8 was electrically
in contact with the pattern of the transmitting pixel electrode
comprising the transparent conductive film 9 as shown in
FIG. 1. At this time, the drain electrode 7 and source electrode
8 that contained metal Al were not eluted by the etching
solution. The reflectance of this reflector electrode 11 was
measured to find that it was 80% or more.

[0195] The TFT element which was a thin film transistor is
constituted of the gate electrode 2, the a-Si:H(i) film 4, drain
electrode 7, the source electrode 8 and the like in the a.-SiTFT
active matrix substrate 100 as shown in FIG. 1.

[0196] Also, this reflector electrode 11 corresponds to one
example of the metal reflecting layer as described in the
claims of the patent application and the phosphoric acid/
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acetic acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-
based aqueous solution as an etching solution corresponds to
one example of the mixture acid containing phosphoric acid/
acetic acid/nitric acid as described in the claims of the patent
application.

[0197] After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce an
a-SiTFT active matrix substrate 100 as shown in FIG. 1. A
liquid crystal layer was formed on this a-SiTFT active matrix
substrate 100 to thereby produce a TFT-LCD system flat
display. This a-SiTFT active matrix substrate 100 corre-
sponds to one example of the semi-transmitting and semi-
reflecting electrode substrate as described in the claims of the
patent application and the TFT-LCD system flat display cor-
responds to one example of the liquid crystal display device
as described in the claims of the patent application.

Embodiment B-2

[0198] An o-SiTFT active matrix substrate 100 in this
embodiment B-2 has the same structure as that shown in FIG.
1 except only that the composition of the transparent conduc-
tive film 9 of the a.-SiTFT active matrix substrate 100 in this
embodiment B-2 is different from that of the above embodi-
ment B-1. Therefore, the a-SiTFT active matrix substrate 100
of this embodiment B-2 will be explained also with reference
to FIG. 1.

[0199] As shown in FIG. 1, metal Al was deposited on a
transmittable glass substrate 1 by high-frequency sputtering
such that it had an film thickness of 1500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. It is to be noted that this glass
substrate 1 corresponds to one example of the transparent
substrate as described in the claims of the patent application.
[0200] Next, the above deposited metal Al and metal Mo
were etched into the form shown in FIG. 1 according to a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 12:6:1:1)-based aqueous
solution as an etching solution to form a gate electrode 2 and
a gate electrode wiring 12.

[0201] Then, a silicon nitride film (hereinafter, referred to
asaSiN film in some cases), which was to be a gate insulating
film 3, was formed on the above glass substrate 1, the above
gate electrode 2 and the above gate electrode wiring 12 by a
glow discharge CVD method such that it had a film thickness
of 3000 angstroms. In succession, an a-Si:H(i) film 4 was
formed on the gate insulating film 3 such that it had a film
thickness of 3500 angstroms. Moreover, a silicon nitride film
(SiN film) which was to be a channel protective layer 5 was
formed on the above a-Si:H(i) film 4 such that it had a film
thickness of 3000 angstroms.

[0202] At this time, as the discharge gas, SiH,—NH,—N.,-
based mixture gas was used for the gate insulating film 3 and
channel protective layer 5 which were formed of a SiN film
whereas SiH,—N,-based mixture gas was used for the o-Si:
H(i) film 4. Also, the channel protective layer 5 made of'a SIN
film was etched into the form shown in FIG. 1 by dry etching
using CHF-based gas.

[0203] Insuccession, an o-Si:H(n) film 6 was deposited on
the above a-Si:H(i) film 4 and the above channel protective
layer 5 by using SiH,—H,—PH,-based mixture gas such that
it had a film thickness of 3000 angstroms.

[0204] A three-layer film of metal Mo/metal Al/metal Mo
was further deposited in this order on the deposited c-Si:H(n)
6 by a sputtering method such that the film thickness of the
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lower layer metal Mo was 0.05 pm, the film thickness of the
metal Al was 0.2 um and the film thickness of the upper layer
metal Mo was 0.05 pm.

[0205] This metal Mo/Metal Al/metal Mo three-layer film
was etched into the form shown in FIG. 1 by a photoetching
method using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based aqueous solution to form a
pattern of a drain electrode 7 and a pattern of source electrode
8. Moreover, dry etching using CHF-based gas and wet etch-
ing using a hydrazine (NH,NH,.H,0)-based aqueous solu-
tion were combined to etch the ct-Si:H(3) film 4 and c-Si:H(n)
film 6 formed of an a-Si:H film, thereby forming a pattern of
a-Si:H(i) film 4 and a pattern of the a-Si:H(n) film 6 having
the forms shown in FIG. 1. Also, as shown in FIG. 1, a
transparent resin resist 10 was used to form a protective film,
thereby forming a pattern of a through-hole 10a and the like.

[0206] Transparent Conductive Film Containing Holmium
Oxide
[0207] An amorphous transparent conductive film 9 con-

taining indium oxide as its major component and holmium
oxide was deposited on this gate insulating film 3 by a sput-
tering method. The target used in this sputtering method was
an In,0;—Ho,0; sintered body that was adjusted such that
[1n,0,)/([1n,0,]+[Ho,0,]) showing the weight ratio ofIn O
to Ho, O, in the target became 0.97. Here, [In,O;] represents
the weight of indium oxide per unit volume in the transparent
conductive film 9 and [Ho,O;] represents the weight of hol-
mium oxide per unit volume in the transparent conductive
film 9.

[0208] In the sputtering, this In,0,—Ho,0; sintered body
was placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the film
thickness was 1000 angstroms. At this time, as the discharge
gas in the sputtering, pure argon gas or argon gas mixed with
0, gas contained in a trace amount of the order of about 1 vol
% was used. This transparent conductive film 9 corresponds
to one example of the transparent conductive layer as
described in the claim of the patent application.

[0209] As to the form of the above holmium element in the
target, it may be dispersed in the form ofholmium oxide such
as Ho, O, or in the form of a complex oxide between indium
oxide and holmium oxide such as HoInO;, (Ho 51ng 5),05 or
the like in the indium oxide sintered body. A preferable form
of holmium is as follows: a holmium atom is substituted for
the indium site of indium oxide whereby it is dispersed as a
solid solution at an atomic level in the indium oxide sintered
body. Tt is rather effective that holmium is dispersed at an
atomic level in the indium oxide sintered body in this manner
to stabilize the discharging in sputtering, thereby obtaining
the transparent conductive film 9 having a low resistance.
[0210] The transparent conductive film 9 which was an
In,05—Ho,0; film formed by the above sputtering was ana-
lyzed by an X-ray diffraction method, to find that no peak was
observed, showing this film to be amorphous. It was also
found that the specific resistance of the transparent conduc-
tive film 9 that was the In,0O;—Ho,0; film was about 5.4x
10~* Q-cm and was therefore a film used satisfactorily as an
electrode. This transparent conductive film 9, which was the
In203-Ho203 film, was etched by a photoetching method
using an 3.2 wt % aqueous oxalic acid solution as an etchant
so as to form a pattern of a transmitting pixel electrode. A
pattern of a transmitting pixel electrode made of an amor-
phous electrode of the transparent conductive film 9 shown in
FIG. 1 was formed. It is to be noted that this 3.2 wt % aqueous
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oxalic acid solution corresponds to one example of the
etchant containing oxalic acid as described in the claims of
the patent application.

[0211] Then, the substrate formed with the above transpar-
ent conductive film 9 was heat-treated at 250° C. for 30
minutes. After that, metal Co was deposited on the substrate
by high-frequency sputtering such that it had an film thick-
ness of 500 angstroms and metal Al was deposited on the
metal Mo such that it had a film thickness of 2000 angstroms.
The reflectance of the layer comprising metal Mo and metal
Al was measured to find that the reflectance was 80% ormore.
This layer comprising metal Mo and metal Al corresponds to
one example of the metal layer as described in the claims of
this patent application.

[0212] The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 9:6:1:2)-based aqueous
solution as an etching solution to form a pattern of a reflector
electrode 11 as shown in FIG. 1. At this time, the reflector
electrode 11 constituted of metal Mo and metal Al was pat-
terned such that the pattern of the source electrode 8 was
electrically in contact with the pattern of the transmitting
pixel electrode comprising the transparent conductive film 9
as shown in FIG. 1. At this time, the drain electrode 7 and
source electrode 8 that contained metal Al were not eluted by
the etching solution. The reflectance of this reflector electrode
11 was measured to find that it was 80% or more.

[0213] The TFT element which was a thin film transistor is
constituted of the gate electrode 2, the a-Si:H(i) film 4, drain
electrode 7, the source electrode 8 and the like in the a.-SiTFT
active matrix substrate 100 as shown in FIG. 1.

[0214] This reflector electrode 11 corresponds to one
example of the metal reflecting layer as described in the
claims of the patent application and the phosphoric acid/
acetic acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-
based aqueous solution as an etching solution corresponds to
one example of the mixture acid of phosphoric acid/acetic
acid/nitric acid as described in the claims of the patent appli-
cation.

[0215] After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce an
a-SiTFT active matrix substrate 100 as shown in FIG. 1. A
liquid crystal layer was formed on this a-SiTFT active matrix
substrate 100 to thereby produce a TFT-LCD system flat
display. This a-SiTFT active matrix substrate 100 corre-
sponds to one example of the semi-transmitting and semi-
reflecting electrode substrate as described in the claims of the
patent application and the TFT-LCD system flat display cor-
responds to one example of the liquid crystal display device
as described in the claims of the patent application.

Embodiment B-3

[0216] An o-SiTFT active matrix substrate 100 in this
embodiment 3 has the same structure as that shown in FIG. 1
except only that the composition of the transparent conduc-
tive film 9 of the a-SiTFT active matrix substrate 100 in this
embodiment B-3 is different from that of the above embodi-
ment 1 or 2, Therefore, the a-SiTFT active matrix substrate
100 of this embodiment 3 will be explained also with refer-
ence to FIG. 1.

[0217] As shown in FIG. 1, metal Al was deposited on a
transmittable glass substrate 1 by high-frequency sputtering
such that it had an film thickness of 1 500 angstroms and metal
Mo was deposited on the metal Al such that it had a film



US 2008/0239217 Al

thickness of 500 angstroms. This glass substrate 1 corre-
sponds to one example of the transparent substrate as
described in the claims of the patent application.

[0218] Next, the above deposited metal Al and metal Mo
were etched into the form shown in FIG. 1 according to a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 12:6:1:1)-based aqueous
solution as an etching solution to form a gate electrode 2 and
a gate electrode wiring 12.

[0219] Then, a silicon nitride film (hereinafter, referred to
as a SiN film in some cases), which was to be a gate insulating
film 3, was formed on the above glass substrate 1, the above
gate electrode 2 and the above gate electrode wiring 12 by a
glow discharge CVD method such that it had a film thickness
of 3000 angstroms. In succession, an a-Si:H(i) film 4 was
formed on the gate insulating film 3 such that it had a film
thickness of 3500 angstroms. Moreover, a silicon nitride film
(SiN film) which was to be a channel protective layer 5 was
formed on the above a-Si:H(i) film 4 such that it had a film
thickness of 3000 angstroms.

[0220] At this time, as the discharge gas, SiH,—NH;—N.,-
based mixture gas was used for the gate insulating film 3 and
channel protective layer 5 which were formed of a SiN film
whereas SiH,—N,-based mixture gas was used for the o-Si:
H() film 4. Also, the channel protective layer 5 formed of a
SiN film was etched into the form shown in FIG. 1 by dry
etching using CHF-based gas.

[0221] Insuccession, an a-Si:H(n) film 6 was deposited on
the above ¢-Si:H(1) film 4 and the above channel protective
layer 5 by using SiH ,—H,—PH;-based mixture gas such that
it had a film thickness of 3000 angstroms.

[0222] A three-layer film of metal Mo/metal Al/metal Mo
was further deposited in this order on the deposited c-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05 pm, the film thickness of the
metal Al was 0.2 um and the film thickness of the upper layer
metal Mo was 0.051 pm.

[0223] This metal Mo/Metal Al/metal Mo three-layer film
was etched into the form shown in FIG. 1 by a photoetching
method using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based aqueous solution to form a
pattern of a drain electrode 7 and a pattern of source electrode
8. Moreover, dry etching using CHF-based gas and wet etch-
ing using a hydrazine (NH,NH,.H,0)-based aqueous solu-
tion were combined to etch the a-Si:H(@1) film 4 and the
a-Si:H(n) film 6 formed of an ¢-Si:H film, thereby forming a
pattern of a-Si:H(i) film 4 and a pattern of the a-Si:H(n) film
6 having the forms shown in FIG. 1. Also, as shown in FIG. 1,
atransparent resinresist 10 was used to form a protective film,
thereby forming a pattern of a through-hole 104 and the like.

[0224] Transparent Conductive Film Containing Gado-
linium Oxide
[0225] An amorphous transparent conductive film 9 con-

taining indium oxide as its major component and gadolinium
oxide was deposited on this gate insulating film 3 by a sput-
tering method. The target used in this sputtering method was
an In,0;—Gd,0; sintered body that was adjusted such that
[I0,0;]/([In,05]+[Gd,05]) showing the weight ratio 0f In, O,
to Gd, O, in the target became 0.97. Here, [In,O;] represents
the weight of indium oxide per unit volume in the transparent
conductive film 9 and [Gd,O; ] represents the weight of gado-
linium oxide per unit volume in the transparent conductive
film 9.

Oct. 2, 2008

[0226] In the sputtering, this In O;—Gd,O; sintered body
was placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the film
thickness was 1000 angstroms. At this time, as the discharge
gas in the sputtering, pure argon gas or argon gas mixed with
O, gas contained in a trace amount of the order of about 1 vol
% was used. This transparent conductive film 9 corresponds
to one example of the transparent conductive layer as
described in the claim of the patent application.

[0227] As to the form of the gadolinium element in the
target. it may be dispersed in the form of gadolinium oxide
such as Gd,O5 or in the form of a complex oxide between
indium oxide and gadolinium oxide such as GdInQ, in the
indium oxide sintered body. A preferable form of gadolinium
is as follows: a gadolinium atom is substituted for the indium
site of indium oxide whereby itis dispersed as a solid solution
at an atomic level in the indium oxide sintered body. It is
rather effective that gadolinium is dispersed at an atomic level
in the indium oxide sintered body in this manner to stabilize
the discharging in sputtering, thereby obtaining the transpar-
ent conductive film 9 having a low resistance.

[0228] The transparent conductive film 9 which was an
In,05,—Gd, 05 film formed by the above sputtering was ana-
lyzed by an X-ray diffraction method, to find that no peak was
observed, showing this film to be amorphous. It was also
found that the specific resistance of the transparent conduc-
tive film 9 that was the In,0,—Gd, 05 film was about 7.4x
10™* Q-cm and was therefore a film used satisfactorily as an
electrode.

[0229] This transparent conductive film 9, which was the
In203-Gd203 film, was etched by a photoetching method
using an 3.2 wt % aqueous oxalic acid solution as an etchant
so as to form a pattern of a transmitting pixel electrode. A
pattern of a transmitting pixel electrode made of an amor-
phous electrode of the transparent conductive film 9 shown in
FIG. 1 was formed. It is to be noted that this 3.2 wt % aqueous
oxalic acid solution corresponds to one example of the
etchant containing oxalic acid as described in the claims of
the patent application.

[0230] Next, the substrate on which the above transparent
conductive layer 9 was formed was heat-treated at 250° C. for
30 minutes. Then, metal Co was deposited on a transparent
resin resist 10 by high-frequency sputtering such thatithad an
film thickness of 500 angstroms and metal Al was deposited
on the metal Mo such that it had a film thickness of 2000
angstroms. The reflectance of the layer comprising metal Mo
and metal Al was measured to find that the reflectance was
80% or more. This layer comprising metal Mo and metal Al
corresponds to one example of the layer as described in the
claims of this patent application.

[0231] The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 9:6:1:2)-based aqueous
solution as an etching solution to form a pattern of a reflector
electrode 11 as shown in FIG. 1. At this time, the reflector
electrode 11 was patterned such that the pattern of the source
electrode 8 was electrically in contact with the pattern of the
transmitting pixel electrode comprising the transparent con-
ductive film 9 as shown in FIG. 1. At this time, the drain
electrode 7 and source electrode 8 that contained metal Al
were not eluted by the etching solution. The reflectance of this
reflector electrode 11 was measured to find that it was 80% or
more.



US 2008/0239217 Al

[0232] The TFT element which was a thin film transistor is
constituted of the gate electrode 2, the at-Si:H(i) film 4, drain
electrode 7, the source electrode 8 and the like in the a.-SiTFT
active matrix substrate 100 as shown in FIG. 1.

[0233] This reflector electrode 11 corresponds to one
example of the metal reflecting layer as described in the
claims of the patent application and the phosphoric acid/
acetic acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-
based aqueous solution corresponds to one example of the
mixture acid constituted of phosphoric acid/acetic acid/nitric
acid as described in the claims of the patent application.
[0234] After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce an
a-SiTFT active matrix substrate 100 as shown in FIG. 1. A
liquid crystal layer was formed on this a-SiTFT active matrix
substrate 100 to thereby produce a TFT-LCD system flat
display. Like the above embodiments 1 and 2, this a.-SiTFT
active matrix substrate 100 corresponds to one example of the
semi-transmitting and semi-reflecting electrode substrate as
described in the claims of the patent application and the
TFT-LCD system flat display corresponds to one example of
the liquid crystal display device as described in the claims of
the patent application.

Embodiment B-4

[0235] An o-SiTFT active matrix substrate 100 in this
embodiment B-4 has the same structure as that shown in FIG.
1 except only that the composition of the transparent conduc-
tive film 9 of the a.-SiTFT active matrix substrate 100 in this
embodiment B-4 is different from that of the above embodi-
ment B-1, B-2 or B-3. Therefore, the a-SiTFT active matrix
substrate 100 of this embodiment B-4 will be explained also
with reference to FIG. 1.

[0236] As shown in FIG. 1, metal Al was deposited on a
transmittable glass substrate 1 by high-frequency sputtering
such that it had an film thickness of 1 500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. This glass substrate 1 corre-
sponds to one example of the transparent substrate as
described in the claims of the patent application.

[0237] Next, the above deposited metal Al and metal Mo
were etched into the form shown in FIG. 1 according to a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 12:6:1:1)-based aqueous
solution as an etching solution to form a gate electrode 2 and
a gate electrode wiring 12.

[0238] Then, a silicon nitride film (hereinafter, referred to
as a SiN film in some cases), which was to be a gate insulating
film 3. was deposited on the above glass substrate 1, the above
gate electrode 2 and the above gate electrode wiring 12 by a
glow discharge CVD method such that it had a film thickness
of 3000 angstroms. In succession, an a-Si:H(i) film 4 was
deposited on the gate insulating film 3 such that it had a film
thickness of 3500 angstroms. Moreover, a silicon nitride film
(SiN film) which was to be a channel protective layer 5 was
deposited on the above c.-Si:H(1) film 4 such that it had a film
thickness of 3000 angstroms.

[0239] At this time, as the discharge gas, SiH,-NH;-N,-
based mixture gas was used for the gate insulating film 3 and
channel protective layer 5 which were formed of a SiN film
whereas SiH,—N,-based mixture gas was used for the o-Si:
H(i) film 4. Also, the channel protective layer 5 formed of a
SiN film was etched into the form shown in FIG. 1 by dry
etching using CHF-based gas.
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[0240] 1Insuccession, an a-Si:H(n) film 6 was deposited on
the above a-Si:H(i) film 4 and the above channel protective
layer 5 by using SiH,—H,—PH;-based mixture gas such that
it had a film thickness of 3000 angstroms.

[0241] A three-layer film of metal Mo/metal Al/metal Mo
was further deposited in this order on the deposited o-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05 pm, the film thickness of the
metal Al was 0.2 pm and the film thickness of the upper layer
metal Mo was 0.051 pm.

[0242] This metal Mo/Metal Al/metal Mo three-layer film
was etched into the form shown in FIG. 1 by a photoetching
method using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based aqueous solution to form a
pattern of a drain electrode 7 and a pattern of source electrode
8. Moreover, dry etching using CHF-based gas and wet etch-
ing using a hydrazine (NH,NH,.H,0)-based aqueous solu-
tion were combined to etch the at-Si:H(i) film 4 and -Si:H(n)
film 6 formed of an a-Si:H film, thereby forming a pattern of
a-Si:H() film 4 and a pattern of the c.-Si:H(n) film 6. Also, as
shown in FIG. 1, a transparent resin resist 10 was used to form
a protective film, thereby forming a pattern of a through-hole
104 and the like.

[0243] Transparent Conductive Film Containing Erbium
Oxide
[0244] An amorphous transparent conductive film 9 con-

taining indium oxide as its major component and erbium
oxide was deposited on this gate insulating film 3 by a sput-
tering method. The target used in this sputtering method was
an In,0,—Er,0, sintered body that was adjusted such that
[I0,051/([In,05]+[Er,05]) showing the weight ratio of Tn,O,
to Er,0O; in the target became 0.97. Here, [In,0O5] represents
the weight of indium oxide per unit volume in the transparent
conductive film 9 and [Er,O;] represents the weight of
erbium oxide per unit volume in the transparent conductive
film 9.

[0245] In the sputtering, this In,O;—FEr,O; sintered body
was placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the film
thickness was 1000 angstroms. At this time, as the discharge
gas in the sputtering, pure argon gas or argon gas mixed with
0, gas contained in a trace amount of the order of about 1 vol
% was used. This transparent conductive film 9 corresponds
to one example of the transparent conductive layer as
described in the claim of the patent application.

[0246] As to the form of the erbium element contained in
the target, it may be dispersed in the form of erbium oxide
such as Er,0O, or in the form of a complex oxide between
indium oxide and erbium oxide such as (Er, sIn, 5),05 in the
indium oxide sintered body. A preferable form of erbium is as
follows: an erbium atom is substituted for the indium site of
indium oxide whereby it is dispersed as a solid solution at an
atomic level in the indium oxide sintered body. It is rather
effective that erbium is dispersed at an atomic level in the
indium oxide sintered body in this manner to stabilize the
discharging in sputtering, thereby obtaining the transparent
conductive film 9 having a low resistance.

[0247] The transparent conductive film 9 which was an
In O5—Er,0, film formed by the above sputtering was ana-
lyzed by an X-ray diffraction method, to find that no peak was
observed, showing this film to be amorphous. It was also
found that the specific resistance of the transparent conduc-
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tive film 9 that was the In,O;—Fr,0; film was about 8.0x
10™* Q-cm and was therefore a film used satisfactorily as an
electrode.

[0248] This transparent conductive film 9, which was the
In203-Er203 film, was etched by a photoetching method
using an 3.2 wt % aqueous oxalic acid solution as an etchant
so as to form a pattern of a transmitting pixel electrode. A
pattern of a transmitting pixel electrode made of an amor-
phous electrode of the transparent conductive film 9 shown in
FIG. 1 was formed. It is to be noted that this 3.2 wt % aqueous
oxalic acid solution corresponds to one example of the
etchant containing oxalic acid as described in the claims of
the patent application.

[0249] Next, the substrate on which the above transparent
conductive layer 9 was formed was heat-treated at 250° C. for
30 minutes. Then, metal Co was deposited on a transparent
resin resist 10 by high-frequency sputtering such that it had an
film thickness of 500 angstroms and metal Al was deposited
on the metal Mo such that it had a film thickness of 2000
angstroms. The reflectance of the layer comprising metal Mo
and metal Al was measured to find that the reflectance was
80% or more. This layer comprising metal Mo and metal Al
corresponds to one example of the metal layer as described in
the claims of this patent application.

[0250] The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 9:6:1:2)-based aqueous
solution as an etching solution to form a pattern of a reflector
electrode 11 as shown in FIG. 1. At this time, the reflector
electrode 11 constituted of metal Mo and metal Al was pat-
terned such that the pattern of the source electrode 8 was
electrically in contact with the pattern of the transmitting
pixel electrode comprising the transparent conductive film 9
as shown in FIG. 1. At this time, the drain electrode 7 and
source electrode 8 that contained metal Al were not eluted by
the etching solution. The reflectance of this reflector electrode
11 was measured to find that it was 80% or more.

[0251] The TFT element which was a thin film transistor is
constituted of the gate electrode 2, the a-Si:H(3) film 4, drain
electrode 7, the source electrode 8 and the like in the a-SiTFT
active matrix substrate 100.

[0252] This reflector electrode 11 corresponds to one
example of the metal reflecting layer as described in the
claims of the patent application and the phosphoric acid/
acetic acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-
based aqueous solution corresponds to one example of the
mixture acid constituted of phosphoric acid/acetic acid/nitric
acid as described in the claims of the patent application.
[0253] After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce an
o-SiTFT active matrix substrate 100 as shown in FIG. 1. A
liquid crystal layer was formed on this a-SiTFT active matrix
substrate 100 to thereby produce a TFT-LCD system flat
display. Like the above embodiments 1 to 3, this a-SiTFT
active matrix substrate 100 corresponds to one example of the
semi-transmitting and semi-reflecting electrode substrate as
described in the claims of the patent application and the
TFT-LCD system flat display device corresponds to one
example of the liquid crystal display device as described in
the claims of the patent application.

Embodiment B-5

[0254] An o-SiTFT active matrix substrate 100 in this
embodiment B-5 has the same structure as that shown in FIG.
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1 except only that the composition of the transparent conduc-
tive film 9 of the a.-SiTFT active matrix substrate 100 in this
embodiment B-5 is different from that of the above embodi-
ment B-1, B-2, B-3 or B-4. Therefore, the a-SiTFT active
matrix substrate 100 of this embodiment B-5 will be
explained also with reference to FIG. 1.

[0255] As shown in FIG. 1, metal Al was deposited on a
transmittable glass substrate 1 by high-frequency sputtering
such that it had an film thickness of 1500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. This glass substrate 1 corre-
sponds to one example of the transparent substrate as
described in the claims of the patent application.

[0256] Next, the above deposited metal Al and metal Mo
were etched into the form shown in FIG. 1 according to a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 12:6:1:1)-based aqueous
solution as an etching solution to form a gate electrode 2 and
a gate electrode wiring 12.

[0257] Then, a silicon nitride film (hereinafter, referred to
asa SiN film in some cases), which was to be a gate insulating
film 3, was formed on the above glass substrate 1, the above
gate electrode 2 and the above gate electrode wiring 12 by a
glow discharge CVD method such that it had a film thickness
of 3000 angstroms. In succession, an a-Si:H(i) film 4 was
formed on the gate insulating film 3 such that it had a film
thickness of 3500 angstroms. Moreover, a silicon nitride film
(SiN film) which was to be a channel protective layer 5 was
formed on the above a-Si:H(i) film 4 such that it had a film
thickness of 3000 angstroms.

[0258] At this time, as the discharge gas, SiH,-NH;-N,-
based mixture gas was used for the gate insulating film 3 and
channel protective layer 5 which were formed of a SiN film
whereas SiH,—N,-based mixture gas was used for the o.-Si:
H() film 4. Also, the channel protective layer 5 formed of a
SiN film was etched into the form shown in FIG. 1 by dry
etching using CHF-based gas.

[0259] Insuccession, an a-Si:H(n) film 6 was deposited on
the above a-Si:H(i) film 4 and the above channel protective
layer 5 by using SiH,—H,—PH,-based mixture gas such that
it had a film thickness of 3000 angstroms.

[0260] A three-layer film of metal Mo/metal Al/metal Mo
was further deposited in this order on the deposited c-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05 pm, the film thickness of the
metal Alwas 0.21 pm and the film thickness of the upper layer
metal Mo was 0.05 um.

[0261] This metal Mo/Metal Al/metal Mo three-layer film
was etched into the form shown in FIG. 1 by a photoetching
method using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based aqueous solution to form a
pattern of a drain electrode 7 and a pattern of source electrode
8. Moreover, dry etching using CHF-based gas and wet etch-
ing using a hydrazine (NH,NH,.H,0)-based aqueous solu-
tion were combined to etch the ot-Si:H(1) film 4 and c-Si:H(n)
film 6 formed of an a-Si:H film, thereby forming a pattern of
a-Si:H(1) film 4 and a pattern of the c.-Si:H(n) film 6. Also, as
shown in FIG. 1, a transparent resin resist 10 was used to form
a protective film, thereby forming a pattern of a through-hole
10g and the like.

[0262] Transparent Conductive Film Containing Cerium
Oxide
[0263] An amorphous transparent conductive film 9 con-

taining indium oxide as its major component and cerium
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oxide was deposited on this gate insulating film 3 by a sput-
tering method. The target used in this sputtering method was
an In,0,—CeOQ, sintered body that was adjusted such that
[In,0,]/([In,0,]+[Ce0,]) showing the weight ratio of In,O,
to CeO, in the target became 0.97. Here, [In,0,] represents
the weight of indium oxide per unit volume in the transparent
conductive film 9 and [CeQ,] represents the weight of cerium
oxide per unit volume in the transparent conductive film 9.
[0264] In the sputtering, this In,0,—CeO, sintered body
was placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the film
thickness was 1000 angstroms. At this time, as the discharge
gas in the sputtering, pure argon gas or argon gas mixed with
0, gas contained in a trace amount of the order of about 1 vol
% was used. This transparent conductive film 9 corresponds
to one example of the transparent conductive layer as
described in the claim of the patent application.

[0265] As to the form of the cerium element in the target, it
may be dispersed in the form of cerium oxide such as CeO,
CeO, or Ce,0; in the indium oxide sintered body. A prefer-
able form of cerium is as follows: a cerium atom is substituted
for the indium site of indium oxide whereby it is dispersed as
asolid solution at an atomic level in the indium oxide sintered
body. Itis rather effective that cerium is dispersed at an atomic
level in the indium oxide sintered body in this manner to
stabilize the discharging in sputtering, thereby obtaining the
transparent conductive film 9 having a low resistance.
[0266] The transparent conductive film 9 which was an
In 05—CeO, film formed by the above sputtering was ana-
lyzed by an X-ray diffraction method, to find that no peak was
observed, showing this film to be amorphous. It was also
found that the specific resistance of the transparent conduc-
tive film 9 that was the In,0,—CeO, film was about 5.5x10™*
Q-cm and was therefore a film used satisfactorily as an elec-
trode.

[0267] This transparent conductive film 9, which was the
In203-Ce02 film, was etched by a photoetching method
using an 3.2 wt % aqueous oxalic acid solution as an etchant
so as to form a pattern of a transmitting pixel electrode. A
pattern of a transmitting pixel electrode made of an amor-
phous electrode of the transparent conductive film 9 shown in
FIG. 1 was thus formed. It is to be noted that this 3.2 wt %
aqueous oxalic acid solution corresponds to one example of
the etchant containing oxalic acid as described in the claims
of the patent application.

[0268] Next, the substrate on which the above transparent
conductive layer 9 was formed was heat-treated at 250° C. for
30 minutes. Then, metal Co was deposited on a transparent
resin resist 10 by high-frequency sputtering such that it had an
film thickness of 500 angstroms and metal Al was deposited
on the metal Mo such that it had a film thickness of 2000
angstroms. The reflectance of the layer comprising metal Mo
and metal Al was measured to find that the reflectance was
80% or more. This layer comprising metal Mo and metal Al
corresponds to one example of the metal layer as described in
the claims of this patent application.

[0269] The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic acid/
nitric acid/water (volumetric ratio: 9:6:1:2)-based aqueous
solution as an etching solution to form a pattern of a reflector
electrode 11 as shown in FIG. 1. At this time, the reflector
electrode 11 constituted of metal Mo and metal Al was pat-
terned such that the pattern of the source electrode 8 was
electrically in contact with the pattern of the transmitting
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pixel electrode comprising the transparent conductive film 9
as shown in FIG. 1. At this time, the drain electrode 7 and
source electrode 8 that contained metal Al were not eluted by
the etching solution. The reflectance of this reflector electrode
11 was measured to find that it was 80% or more.

[0270] The TFT element which was a thin film transistor is
constituted of the gate electrode 2, the a-Si:H(i) film 4, drain
electrode 7, the source electrode 8 and the like in the a.-SiTFT
active matrix substrate 100.

[0271] This reflector electrode 11 corresponds to one
example of the metal reflecting layer as described in the
claims of the patent application and the phosphoric acid/
acetic acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-
based aqueous solution corresponds to one example of the
mixture acid constituted of phosphoric acid/acetic acid/nitric
acid as described in the claims of the patent application.
[0272]  After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce an
a-SiTFT active matrix substrate 100 as shown in FIG. 1. A
liquid crystal layer was formed on this a-SiTFT active matrix
substrate 100 to thereby produce a TFT-LCD system flat
display. Like the above embodiments 1 to 4, this a-SiTFT
active matrix substrate 100 corresponds to one example of the
semi-transmitting and semi-reflecting electrode substrate as
described in the claims of the patent application and the
TFT-LCD system flat display corresponds to one example of
the liquid crystal display device as described in the claims of
the patent application.

Embodiment B-6

[0273] In the aforementioned embodiments B-1 to B-5,
examples in which the transparent conductive film 9 contains
indium oxide as its major component and a lanthanoid-based
metal oxide such as dysprosium oxide, holmium oxide, gado-
linium oxide, erbium oxide or cerium oxide are shown. It is
however preferable that the above transparent conductive film
9 contain lanthanum oxide or samarium oxide in place of the
above lanthanoid-based metal oxide. When the transparent
conductive film 9 contains lanthanum oxide or samarium
oxide in this manner, the transparent conductive film 9 of this
embodiment B-6 produces the same action effect as each
transparent conductive film 9 obtained in the above embodi-
ments B-1 to B-5.

Embodiment B-7

[0274] Inthe above embodiments B-1to B-5, examples are
shown in which the reflector electrode 11 is constituted of a
metal Mo layer and a metal Al layer. However, the reflector
electrode 11 used in this embodiment is preferably consti-
tuted of a metal Ag layer in place of the above metal Al layer.
Specifically, the reflector electrode 11 of this embodiment is
also preferably constituted of a metal Mo and a metal Ag.
When a metal Ag layer is contained in place of a metal Al, the
reflector electrode 11 of the embodiment B-7 also produces
the same action effect as the reflector electrode 11 of each of
the above embodiments B-1 to B-5 as mentioned above.

1. A semi-transmitting and semi-reflecting electrode sub-
strate comprising:
a transparent substrate;
a transparent conductive layer which is disposed on said
transparent substrate and contains indium oxide as its



US 2008/0239217 Al

major component and further one or two or more oxides
selected from tungsten oxide, molybdenum oxide and
niobium oxide; and

ametal reflecting layer which is disposed on said transpar-
ent substrate, reflects extraneous light and is connected
electrically with said transparent conductive layer.

2. The semi-transmitting and semi-reflecting electrode
substrate according to claim 1, wherein the value of [In]/[All
metals] that is a composition ratio of In in said transparent
conductive layer containing indium oxide as its major com-
ponent and further one or two or more oxides selected from
tungsten oxide, molybdenum oxide and niobium oxide is 0.85
t0 0.99.

3. The semi-transmitting and semi-reflecting electrode
substrate according to claim 1, wherein said metal reflecting
layer has a layer containing Al or Ag as its components.

4. A semi-transmitting and semi-reflecting electrode sub-
strate comprising:

a transparent substrate;

a transparent conductive layer which is disposed on said
transparent substrate and contains indium oxide as its
major component and further one or two or more oxides
selected from tungsten oxide, molybdenum oxide and
niobium oxide;

aTFT element disposed on said transparent substrate: and

a metal layer which is disposed on said transparent sub-
strate and connects said transparent conductive layer
electrically with said TFT element;

wherein:

said metal layer has a reflectance of 80% or more.

5. The semi-transmitting and semi-reflecting electrode
substrate according to claim 4, wherein the value of [In]/[All
metals] that is a composition ratio of In in said transparent
conductive layer containing indium oxide as its major com-
ponent and further one or two or more oxides selected from
tungsten oxide, molybdenum oxide and niobium oxide is 0.85
t0 0.99.

6. The semi-transmitting and semi-reflecting electrode
substrate according to claim 4, wherein said metal layer hav-
ing a reflectance of 80% or more has a layer containing Al or
Ag as its components.

7. A method of producing the semi-transmitting and semi-
reflecting electrode substrate according to claim 1, the
method comprising:

a step of etching the above transparent conductive layer
which contains indium oxide as its major component
and further one or two or more oxides selected from
tungsten oxide, molybdenum oxide and niobium oxide
and is disposed on said transparent substrate, by an
etchant containing oxalic acid; and

astep of etching the metal layer connected electrically with
said transparent electrode layer by a mixture acid con-
taining phosphoric acid, acetic acid and nitric acid to
form said metal reflecting layer.

8. A method of producing the semi-transmitting and semi-
reflecting electrode substrate according to claim 4, the
method comprising:

a step of etching said transparent conductive layer which
contains indium oxide as its major component and fur-
ther one or two or more oxides selected from tungsten
oxide, molybdenum oxide and niobium oxide and is
disposed on said transparent substrate, by an etchant
containing oxalic acid; and
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a step of etching said metal layer which connects the said
transparent conductive layer electrically with said TFT
element and has a reflectance of 80% or more, by using
a mixture acid containing phosphoric acid, oxalic acid
and nitric acid.

9. A liquid crystal display comprising:

the semi-transmitting and semi-reflecting electrode sub-
strate according to claim 1; and

a liquid crystal layer driven by said semi-transmitting and
semi-reflecting electrode substrate.

10. A semi-transmitting and semi-reflecting electrode sub-

strate comprising:

a transparent substrate;

a transparent conductive layer which is disposed on said
transparent substrate and contains indium oxide as its
major component and further one or two or more oxides
selected from lanthanoid-based metal oxides; and

ametal reflecting layer which is disposed on said transpar-
ent substrate and is connected electrically with said
transparent conductive layer.

11. The semi-transmitting and semi-reflecting electrode
substrate according to claim 10, wherein the value of [In]/[All
metals] that is a composition ratio of In in said transparent
conductive layer containing indium oxide as its major com-
ponent and further one or two or more oxides selected from
lanthanoid-based metal oxides is 0.8 to 0.99.

12. The semi-transmitting and semi-reflecting electrode
substrate according to claim 10, wherein said metal reflecting
layer has a layer containing Al or Ag as its major components.

13. The semi-transmitting and semi-reflecting electrode
substrate according to claim 10, wherein said lanthanoid-
based metal oxide is lanthanum oxide, cerium oxide,
samarium oxide, gadolinium oxide, dysprosium oxide,
erbium oxide or holmium oxide.

14. A semi-transmitting and semi-reflecting electrode sub-
strate comprising:

a transparent substrate;

a transparent conductive layer which is disposed on said
transparent substrate and contains indium oxide as its
major component and further one or two or more oxides
selected from lanthanoid-based metal oxides;

a TFT element disposed on said transparent substrate; and

a metal layer which is disposed on said transparent sub-
strate and connects said transparent conductive layer
electrically with said TFT element;

wherein:

said metal layer has a reflectance of 80% or more.

15. The semi-transmitting and semi-reflecting electrode
substrate according to claim 14, wherein the value of [In]/[All
metals] that is a composition ratio of In in said transparent
conductive layer containing indium oxide as its major com-
ponent and further one or two or more oxides selected from
lanthanoid-based metal oxides is 0.8 to 0.99.

16. The semi-transmitting and semi-reflecting electrode
substrate according to claim 14, wherein said metal layer
having a reflectance of 80% or more has a layer containing Al
or Ag as its major components.

17. The semi-transmitting and semi-reflecting electrode
substrate according to claim 14, wherein said lanthanoid-
based metal oxide is lanthanum oxide, cerium oxide,
samarium oxide, gadolinium oxide, dysprosium oxide,
erbium oxide or holmium oxide.
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18. A method of producing the semi-transmitting and semi-
reflecting electrode substrate according to claim 10, the
method comprising:

a step of etching the above transparent conductive layer
which contains indium oxide as its major component
and further one or two or more oxides selected from
lanthanoid-based metal oxides and is disposed on said
transparent substrate, by an etchant containing oxalic
acid; and

astep of etching the metal layer connected electrically with
said transparent electrode layer by a mixture acid con-
taining phosphoric acid, acetic acid and nitric acid to
form said metal reflecting layer.

19. A method of producing the semi-transmitting and semi-
reflecting electrode substrate according to claim 14, the
method comprising:

a step of etching said transparent conductive layer which

contains indium oxide as its major component and fur-
ther containing one or two or more oxides selected from
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lanthanoid-based metal oxides and is disposed on said
transparent substrate, by an etchant containing oxalic
acid; and
a step of etching the metal layer having a reflectance of
80% or more which connects said transparent electrode
layer electrically with a TFT element. by a mixture acid
containing phosphoric acid, acetic acid and nitric acid.
20. The method of producing a semi-transmitting and
semi-reflecting electrode substrate according to claim 18,
wherein said lanthanoid-based metal oxide is lanthanum
oxide, cerium oxide, samarium oxide, gadolinium oxide, dys-
prosium oxide, erbium oxide or holmium oxide.
21. A liquid crystal display device comprising:
the semi-transmitting and semi-reflecting electrode sub-
strate according to claim 10; and
a liquid crystal layer driven by said semi-transmitting and
semi-reflecting electrode substrate.
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